
COLL 1  

Do proteins induce lipid domain organization?  

Erin D. Sheets1, Kanika Vats1, Adekunle Elegbede2, and Anne Hinderliter3. (1) Chemistry, Pennsylvania 
State University, 104 Chemistry Building, University Park, PA 16802, Fax: 814-865-5235, 
eds11@psu.edu, (2) Department of Pharmaceutical Sciences, North Dakota State University, (3) 
Department of Chemistry, Minnesota State University, Moorhead  

We are investigating how proteins induce lipid domain formation, or lipid demixing, in biomimetic 
membranes. Annexin A5 (Anx5), an abundant 35 kDa intracellular protein that binds to negatively 
charged phospholipids in a calcium-dependent manner, has been implicated in a variety of physiological 
events, although its exact function is unknown. Recently, two populations of Anx5 bound to 
phosphatidylserine (PS)-containing bilayers in the presence of calcium have been identified: one that 
binds reversibly and a second that binds irreversibly (Richter et al., 2005). We have proposed that 
annexin binding to calcium is best described by an allosteric transition of the protein in the presence and 
absence of PS (Almeida et al., 2005). To further test this hypothesis, we are using fluorescence 
correlation and cross-correlation spectroscopy and fluctuation analysis to characterize Anx5 organization 
and dynamics, as well as the effects of Anx5 binding on lipid organization and dynamics. We find that 
Anx5, in the presence of calcium, forms clusters on PS-containing membranes. We also find that a 
fraction of Anx5 undergoes 2D Brownian motion (D1 = 10-9-10-8 cm2/s), similar to that of the underlying 
lipids, and another population experiences very slow 2D diffusion (D2 = 10-10-10-12 cm2/s). These results 
are allowing us to investigate systematically the dynamic interplay between proteins and lipids in 
membrane organization which, in turn, controls biological function.  

 
COLL 2  

Controlling the shape and organization of phosphatidylcholine/phosphatidic acid membranes  

Lee R. Cambrea and Jennifer S. Hovis, Department of Chemistry, Purdue University, 560 Oval Drive, 
West Lafayette, IN 47907-2084, llude@purdue.edu  

Cells are not at equilibrium; ion concentrations continuously fluctuate and molecules are transported, 
created, and destroyed leading to the dynamic environment necessary for life. The organization of the cell 
membrane, specifically the ability to form fluid-fluid phase separation, may play a key role in the function 
of many signaling molecules. To better understand how fluid-fluid separation can be controlled, we have 
examined the effect of ions on the organization of membranes containing the anionic lipid, phosphatidic 
acid. Ions are capable of altering lipid-lipid interactions and also the effective head group size of anionic 
lipids. We will present results demonstrating that it is possible to create both reversible and irreversible 
changes to the membrane organization and curvature through use of a biologically relevant process, 
fluctuations in the bulk ionic strength. Fluorescence recovery after photobleaching, epi-fluorescence 
microscopy, and confocal microscopy are used to examine both the lipid organization and overall 
membrane shape resulting from the changes to ionic strength.  

 

 
COLL 3  



Atomic force microscopy study of DPPC morphology on metal oxides  

Mark J. Stevens and Nita Sahai, Department of Geology & Geophysics, University of Wisconsin-
Madison, 1215 West Dayton Street, Madison, WI 53706, mjstevens@wisc.edu  

We have examined, using Atomic Force Microscopy, the oxide-specific and cation-dependent stability 
and kinetics of dipalmitoylphosphatidylcholine (DPPC) self-assembly on amorphous silica (SiO2), 
corundum (α-Al2O3), the (10-10) and (10-11) crystallographic faces of quartz (α-SiO2), and mica, in the 
absence and presence of Na+, Mg2+, Ca2+, and Cl- ions, =30 min and 8 hours. Preliminary results 
indicate that amorphous SiO2 and both faces of quartz behave similarly where DPPC forms fused 
vesicles at t = 30 min and patchy bilayers at 8h, corundum forms irregular morphologies at both times, 
and mica forms fused vesicles and bilayers, at 30 min and 8 hours. The presence of cations promotes 
bilayer formation on mica and the silicon oxides.  

 
COLL 4  

Pattern formation in lipid bilayers  

Jennifer S. Hovis, Kalani Seu, Emily Lamberson, 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. Lipid mixtures that undergo liquid-ordered/liquid-
disordered and fluid/fluid separation will be examined. It will be shown that the spatial extent of the 
separation can be controlled. This is done in a variety of ways: shifting the systems out of equilibrium, 
creating barriers to diffusion and inserting obstacles. The implications this work has for understanding 
cellular processes will be discussed.  

 
COLL 5  

Effects of membrane associated polymers on membrane organization and dynamics in polymer 
sandwiched bilayers  

Sumit Garg1, Jay X. Tang2, Rainer Jordan3, Karin Lüdtke3, and Christoph A Naumann1. (1) Department 
of Chemistry and Chemical Biology, Indiana University Purdue University Indianapolis, 402 N. Blackford 
St., LD 326, Indianapolis, IN 46202, Fax: 317-274-4701, sgarg@iupui.edu, (2) Department of Physics, 
Brown University, (3) Lehrstuhl für Makromolekulare Stoffe, Technische Universität München  

This study reports on the effects of membrane-associated polymers on the membrane organization and 
membrane dynamics in two types (Type-1 and II) of polymer-sandwiched bilayers using optical 
microscopy techniques. In Type-I, the bilayers has a lipid-tethered poly(methyloxazoline) (PMOx) on one 
side and physisorbed F-actin on other side. In Type-II, the bilayers is sandwitched between lipid-tethered 
(PMOx) chains. In Type-I systems, we show that phase-separations of inner leaflet-mimicking increase in 
domain size with increasing concentrations of charged lipids (PS and PG) and that these effects are 
reduced after adsorption of actin on the membrane surface. In Type-II systems, the domain size 
decreases as the concentration of tethered PMOx increases. Here polymer-tethered lipids act as diffusion 
obstacles, thus reducing the lipid lateral mobility. The bilayer fluidity is discussed in terms of polymer 
molecular weight, tether density, and relative diffusivity of phospholipids and lipid-tethered PMOx.  



 
COLL 6  

Probing the interaction of Aβ40 with phospholipid/dihydrocholesterol mixed monolayers  

Stephen M. Danauskas, Department of Chemistry, The Institute for Biophysical Dynamics, The James 
Franck Institute,The University of Chicago, 929 E. 57th St., Chicago, IL 60637, steved@uchicago.edu, 
Eva Y. Chi, Department of Chemistry, The Insitute for Biophysical Dynamics and The James Franck 
Institute, The University of Chicago, and Ka Yee C. Lee, Department of Chemistry, The Institute for 
Biophysical Dynamics and The James Franck Institute, The University of Chicago  

Binary mixtures of phospholipids and cholesterol analogues have been show to form complexes in 
Langmuir monolayers. In this study we probe the interaction of the monomeric Aβ40 peptide implicated in 
Alzheimer's disease with binary mixtures of anionic phospholipids (dilauroylphosphatidylserine, 
dimyristoylphosphatidylserine, or dipalmitoylphosphatidylglycerol) and dihydrocholesterol (DChol). Using 
constant surface pressure assays, we measured the insertion of the Aβ40 peptide into phospholipid/DChol 
monolayers. We observed a monotonic decrease in Aβ40 insertion, relative to the pure phospholipid 
system, with increasing DChol content in all cases. A sharp decrease in insertion occurs between 30 and 
50 mole percent DChol. We explored the effect of Aβ40 on the morphology of these films using Brewster 
angle and fluorescence microscopy. X-ray reflectivity was used to probe the relative positions of 
phospholipids, DChol, and peptide in the mixed monolayer, and to provide a molecular view of insertion 
as a function of DChol concentration.  

 
COLL 7  

Mineral specificity of DPPC adsorption on oxide surfaces  

Timothy A. Oleson, Department of Geology & Geophysics, University of Wisconsin - Madison, 1215 
West Dayton St., Madison, WI 53706, Fax: 608-262-0693, toleson@geology.wisc.edu, and Nita Sahai, 
Department of Geology & Geophysics, University of Wisconsin-Madison  

Limited attention has been focused to date on oxide-specificity of the stability of oxide-supported 
phospholipid (PL) bilayers.  In our work, we elucidate the effects of oxide chemical composition, crystal 
chemistry, and surface charge by measuring adsorption isotherms of dipalmitoylphosphatidylcholine 
(DPPC) on the surfaces of particulate quartz (α-SiO2), amorphous silica, corundum (α-Al2O3), anatase (β-
TiO2), and rutile (α-TiO2) at multiple pH's.  Thermodynamic adsorption parameters (∆H0

ads, Kads and 
∆G0

ads) are also determined using isothermal titration calorimetry.  Preliminary results indicate maximum 
adsorption on quartz and amorphous silica compared to corundum and anatase at pH 7.2.  However, 
specific surface areas estimated by BET and EGME methods may not accurately represent accessible 
surface are for PL vesicles, significantly affecting the results obtained.  

 
COLL 8  

Reactions between vesicles observed one at a time  

Steven G. Boxer, Department of Chemistry, Stanford University, Stanford, CA 94305-5080, Fax: 650-
723-4817, sboxer@stanford.edu  

Lipid vesicles have been tethered to a supporting, fluid lipid bilayer using a DNA-lipid conjugate [JACS, 
127, 1356 (2005)]. Tethered vesicles diffuse parallel to the plane of the supporting bilayer and are 
observed to collide reversibly. Sticky, but still reversible, collisions are observed when negatively charged 



lipids and Ca-ions are present. Irreversible vesicle co-localization (binding and pair diffusion) can be 
observed when separate populations display complementary DNA sequences collide. These associations 
are monitored by observing individual vesicles tethered to the surface following deposition using a simple 
microfluidic system. The probability of co-localization was measured by varying the number density and 
sequence of DNA-lipids on the vesicles, and the process was analyzed using a reaction-diffusion model. 
Processes that can lead to vesicle fusion and to the assembly of DNA tethered bilayers will be described.  

 
COLL 9  

Nanoparticle-based electrochemical DNA hybridization detection  

Hong Susan Zhou and Kunyang Dang, Department of Chemical Engineering, Worcester Polytechnic 
Institute, 100 Institute Road, Worcester, MA 01609, szhou@wpi.edu  

Rapid development of microanalytical devices has provided convenience and capability for disease 
diagnosis, drug screening, or forensic applications. Optical detection of DNA hybridization usually needs 
to detect by large and expensive optical equipment. Electrochemical detection offers great promise for 
rapid detection by simple and portable devices. However, developments of detection method with easy 
procedure and high sensitivity is still a challenge for point-of-care or field use.  

In this study, we report a gold nanoparticle-based electrical detection of DNA hybridization. A well-
controlled mixed self-assembled monolayer method is adopted for the immobilization of thiolated-ssDNA. 
Electrochemical methods are performed for the detection of DNA hybridization on gold electrodes and 
SPR is used to investigate the kinetic mechanism. Particle size and density attached on the electrode are 
confirmed by using AFM. The results indicate that nanoparticle-based electrical DNA hybridization 
detection provides a rapid, robust, low-cost and sensitive detection scheme which has great potential for 
hand-held microarray technologies.  

 
COLL 10  

Maximizing DNA loading on a range of gold nanoparticle sizes  

Sarah J. Hurst, Abigail K. R. Lytton-Jean, and Chad A. Mirkin, Department of Chemistry, Northwestern 
University, 2145 Sheridan Rd, Evanston, IL 60208, s-hurst@northwestern.edu  

DNA-functionalized Au nanoparticles have become widely used as nanoscale building blocks in assembly 
strategies, as antisense agents in nanotherapeutics, and as probes in biodiagnostic systems. In all of 
these applications, it is essential to understand the coverage of the DNA on the Au nanoparticle surface, 
and, in many cases, it is favorable to have higher DNA loading. Herein, we fully quantify the loading of 
DNA on a range of Au nanoparticle sizes (15, 30, 50, 80, 150 and 250 nm) while examining the effects of: 
1) salt concentration, 2) spacer composition, and 3) sonication. Through these studies, we determined 
that the use of poly(ethylene glycol) (PEG) spacers and sonication could be used to achieve 
nanoparticles with a high DNA density. We also discovered that even 250 nm particles could be heavily 
loaded with DNA (~2 orders of magnitude more than smaller nanoparticles (13-30 nm)).  

 
COLL 11  

Nanoparticle-DNA conjugates bearing defined number of short DNA strands for detection and 
quantitative analysis  



Weijie Qin, Department of Chemical and Biomolecular Engineering, National University of Singapore, 4 
Engineering Drive 4, Fax: 65-67791936, g0203693@nus.edu.sg, and Lin-Yue Lanry Yung, Department 
of Chemical & Biomolecular Engineering, National University of Singapore, Block E5, #02-09, 4 
Engineering Drive 4, cheyly@nus.edu.sg  

Among the biomolecules that used in nanoparticle modification, DNA is no doubt one of the most 
commonly used linker molecules, because of its unique recognition capability and enzyme processibility. 
This study reported our new approach of generating gold nanoparticle-DNA conjugates bearing specific 
number(s) short DNA linker molecules that can be used as building blocks to construct nano-assemblies 
or as nanoprobes for quantitative gene detection. Gold nanoparticles bearing specific numbers (1, 2, 3, 4, 
5 or 6) of single-stranded DNA less than 20 bases were obtained using the combined methods of gel 
electrophoresis and DNA digestion. As the number of DNA strands on the nanoparticles is well-defined, 
the hybridization ability of such conjugates with different targets, such as complementary and single 
nucleotide mismatch DNA can be quantitatively investigated. Preliminary results show single nucleotide 
discrimination can be achieved. Based on colorimetric assay, the conjugates form dimers at the presence 
of complementary linker DNA. The amount of dimmer formation is directly proportional to the 
concentration of linkers, indicating the possibility for quantification purposes. The enzyme digestion 
efficiency of nanoparticle-bounded DNA was also studied and a digestion efficiency as high as 92%, 
which is very close to the free DNA digestion.  

 
COLL 12  

Viruses: The “Whitesides-polyhedrons” from Nature's own design  

Qian Wang, Department of Chemistry and Biochemistry, University of South Carolina, 631 Sumter Street, 
Columbia, SC 29208, Fax: 803-777-9521, wang@mail.chem.sc.edu  

Viruses straddle the boundaries between living and nonliving matter. The application of modern analytical 
methods, principally x-ray crystallography and electron microscopy, have revealed viruses at near atomic 
resolution to be unique chemical assemblies of a supramolecular structure containing a nucleic acid 
(either DNA or RNA) core surrounded by a protein layer, known as the capsid. Compared with the 
inorganic nanoparticles, the uniformed shape and size of viruses provide a miniature version of the 
“Whitesides-polyhedron”, which can self-assemble study to give nanoscale materials with hierarchical 
ordering. Herein, we report the controlled 1D, 2D and 3D self-assemblies of plant viruses, e.g. spherical 
virus, turnip yellow mosaic virus (TYMV) and rod-like tobacco mosaic virus (TMV), via the surface 
modification and recognition. These well-organized structures can be potentially utilized in 
nanoelectronics, catalysis, separation, and biomedical applications.  

 
COLL 13  

Importance of nanoparticle surface charge density for templating Brome mosaic virus capsids  

Lyudmila M. Bronstein1, Xinlei Huang1, John R. Retrum1, Abrin Lee Schmucker1, Todd Budreau1, Barry 
D. Stein2, and Bogdan Dragnea1. (1) Department of Chemistry, Indiana University, 800 E Kirkwood Av, 
Bloomington, IN 47405, Fax: 812-855-8300, lybronst@indiana.edu, (2) Department of Biology, Indiana 
University  

We will discuss self-assembly of Brome Mosaic Virus (BMV) capsid proteins around magnetic iron oxide 
nanoparticles and influence of the nanoparticle surface charge on the templating procedure. The 
nanoparticles are prepared by thermal decomposition of iron oleate in saturated hydrocarbons in the 
presence of oleic acid as surfactant. Variation of reaction conditions allows control of the particle size and 
shape. To impart water solubility and negative charge needed for the BMV capsid assembly, the particles 



are functionalized with carboxy PEGylated phospholipids due to hydrophobic interactions with the oleic 
acid shell. Zeta-potential and IR measurements show that the larger the particles (21 nm vs 11 and 9 
nm), the higher the charge density on the nanoparticle surface. The highest charge density on 21 nm 
nanoparticles yields excellent self-assembly of BMV proteins (see Figure) with formation of well-defined 
BMV capsids (light colored rings) around the magnetic nanoparticle cores (dark circles).  

 

 
COLL 14  

Antibody conjugation to PRINT nanoparticles as a cellular targeting strategy  

Robby A. Petros1, Adam Buntzman2, Larken E. Euliss3, Julie A. DuPont4, Jeffrey A. Frelinger2, and 
Joseph, M. DeSimone1. (1) Department of Chemistry, University of North Carolina, 300 Venable Hall, 
CB#3290, Chapel Hill, NC 27599, petros@email.unc.edu, (2) Department of Microbiology and 
Immunology, University of North Carolina, (3) Department of Chemistry, University of North Carolina at 
Chapel Hill, (4) Department of Chemistry, University of North Carolina Chapel Hill  

PRINT (Particle Replication In Nonwetting Templates, which affords absolute control over particle size, 
shape, and composition) was used to fabricate cylindrical 200 nm particles. A modified PEG-
monomethacrylate containing a carbonylimidazole group was synthesized and varying amounts were 
added to the particle matrix prior to polymerization, resulting in varying amounts of reactive 
carbonylimidazole groups on the particle surface. These groups were used to link streptavidin (virtually 
any nucleophile can be substituted) to the surface of PRINT particles. The amount of protein bound to the 
surface was determined using fluorescence spectroscopy. A variety of biotinylated antibodies (anti-mouse 
CD11b, anti-mouse CD11c, anti-mouse CD80, and anti-human CD11b) were then conjugated to PRINT 
particles utilizing biotin-avidin binding chemistry. The effectiveness of these antibodies in targeting PRINT 
particles, leading to receptor-mediated endocytosis, was probed in vitro in mouse-derived dendritic cells.  

 
COLL 15  

Solid lipid nanoparticles of amphiphilic calixarenes: Structure, phase transitions, loading  

Gennady Ananchenko1, Michaela Pojarova1, Mauro Tomietto1, Konstantin Udachin1, Anthony Coleman2, 
and John Ripmeester1. (1) Steacie Institute for Molecular Sciences, National Research Council Canada, 
100 Sussex Drive, Ottawa, ON K1A 0R6, Canada, Gennady.Ananchenko@nrc-cnrc.gc.ca, (2) Institut de 
Chimie et Biologie des Proteins  

para-Alkanoyl calix[4]arenes represent a very promising class of compounds because of their ability to 
complex small molecules and to form stable solid lipid nanoparticles (SLN) in water. SLNs were prepared 
from the calixarenes and their structures were studied by powder XRD, DSC, AFM, 13C CP-MAS and 
HP-129Xe NMR. The SLNs generally are poorly diffracting because of particle size (50 – 200 nm 
according to AFM) and local heterogeneity within the particle, but there is some order as witnessed by the 
presence of thermodynamic transitions. The phase transitions were monitored by DSC and HP-129Xe 
NMR and the structure of the materials formed was compared with that of crystalline samples. A study of 



SLNs loaded with a photosensitive compound revealed that the particles generally possess the 
photoblocking properties of the parent crystalline material and therefore can be used in cosmetology and 
medicine as prospective delivery systems for light sensitive molecules.  

 
COLL 16  

Nanopattern-directed crystallization of aspirin  

Guangzhao Mao1, Hitesh Handa1, Dongzhong Chen2, Wenfei Dong3, Dirk G Kurth4, and Helmuth 
Möhwald4. (1) Department of Chemical Engineering and Materials Science, Wayne State University, 5050 
Anthony Wayne Drive, Detroit, MI 48202, Fax: 313-577-3810, gzmao@eng.wayne.edu, (2) Department of 
Polymer Science and Engineering, Nanjing University, (3) Jilin University, (4) Max Planck Institute of 
Colloids and Interfaces  

Patterns with a length scale at or below the critical nucleus size can dramatically change the nucleation 
and hence the crystallization behavior of the incipient material. Aspirin (acetylsalicylic acid) 
recrystallization in hexane yields needle crystals, which dissolve much faster than plate-like crystals 
recrystallized in ethanol. Lipid molecules, such as DMPE (dimyristoylphosphatidylethanolamine), self-
assemble into a bilayer nanopattern on graphite due to an epitaxial match between the alkyl chains of the 
lipid and graphite lattice. Lipophilic aspirin molecules adsorb and aggregate preferentially in the 
hydrophobic interior region of the DMPE bilayers stripes. AFM captures rod-like aggregates of aspirin in 
commensurate with the underneath nanopattern, but well-defined crystals of aspirin on neighboring bare 
graphite. The nanopattern not only directs the deposition and aggregation of aspirin molecules but also 
changes the crystalline habit of aspirin from rectangular-shaped crystals to rod-shaped aggregates.  

 
COLL 17  

Bioengineered mesosphilic bacterial flagella as a toolkit for nanofabrication  

Mudalige Thilak Kumara1, Brian C. Tripp2, and Subra Muralidharan1. (1) Department of Chemistry, 
Western Michigan University, Mailstop 5413, 1903 West Michigan Avenue, Western Michigan University, 
Kalamazoo, MI 49008-5410, Fax: 269 387-2909, tilak_kumara@yahoo.com, (2) Department of Biological 
Sciences, Western Michigan University  

An E. coli flagellin protein, termed FliTrx, was investigated for use as a novel form of self-assembling 
protein nanotube. This protein was genetically engineered for the surface display of constrained peptide 
loops with a series of different thiol, cationic, anionic and imidazole functional groups. Controlled 
reduction of various metal ions yielded ordered arrays of nanoparticles or nanotubes. Flagella fibers 
displaying a cationic loop peptide were used to form silica bionanotubes, using two types of silica ion 
precursors. Flagella fibers displaying a tyrosine-serine-glycine loop peptide were used to initiate formation 
of titania bionanotubes. Flagella fibers displaying an anionic aspartate-glutamate loop peptide were used 
to initiate formation of hydroxyapatite and polyaniline, a conductive, non-metallic polymer. Layer by layer 
assembly of flagella on a solid support was achieved by biotin-streptavidin molecular recognition and 
ionic interaction. The resulting nanomaterials were characterized by TEM, AFM and SEM. These novel 
bionanotube-templated biomaterials, each with a high aspect ratio, could have applications in electronics, 
catalysis and biomaterials.  

 
COLL 18  

Colloids in electric fields  



Alfons van Blaaderen, Debye Institute, Physics Department, Utrecht University / FOM-AMOLF, Ornstein 
Lab, Princeton plein 5, 3584 CC Utrecht, Netherlands, Fax: 31-30-2532403, A.vanBlaaderen@phys.uu.nl  

Concentrated dispersions of monodisperse colloidal particles are both interesting as model system to 
study fundamental condensed matter questions like freezing and melting and because their self-
organization can be used to make regular 3D (metallo-)dielectric structures that can be used in advanced 
(photonic) applications. Moreover, the process of colloidal crystallization into 3D periodic lattices can be 
manipulated relatively easily by using external fields. In this talk we want to focus mostly on electric fields 
(including light). We will show that by using optical tweezers on core-shell particles colloidal crystallization 
can be induced and studied on a single particle level. Optical tweezers can also be used to cheaply make 
templates for colloidal epitaxy or colloidal lithography by simply sticking spheres to oppositely charged 
surfaces. Electric fields at relatively low frequency (~1 MHz) can be used to induce dipolar interactions 
between the colloids both changing their phase behaviour and give a possibility to grow large single 
crystals. Field gradients can be used to manipulate the osmotic pressure without affecting interparticle 
interactions (a 'dielectrophoretic bottle'). We will show recent results on how colloids of opposite charge 
can also be made to crystallize in ionic colloidal crystals and manipulated by electric fields. Finally, we will 
hint at two procedures on how to have colloids selforganize into photonic crystals (among them with the 
symmetry of diamond) that will make it possible to achieve a photonic band gap in the visible!  

 
COLL 19  

Fabrication and packing of colloidal tetrahedra  

Mark T. Elsesser1, Andrew D. Hollingsworth2, and David J. Pine2. (1) Department of Chemical 
Engineering, University of California, Santa Barbara, CA 93106-5080, me61@nyu.edu, (2) Department of 
Physics, New York University  

We report on a new system of colloidal clusters composed of cross-linked, core-shell poly(methyl) 
methacrylate (PMMA) spheres where fluorescent dyes are chemically incorporated into the cores' 
polymer network. Using the techniques of Manoharan et al.1 we produce high purity suspensions of 
clusters of a given n. A surfactant stabilizes the clusters in water and the steric stabilization of the 
constituent spheres allows for transfer to index-matching solvents where they exhibit nearly hard-sphere 
behavior. Using confocal microscopy we probe dense suspensions of uniform clusters leading to new 
insights on the packing of convex, non-spherical objects. 1. Manoharan, V. N., Elsesser, M. T., and Pine 
D. J., Science 301, 483-487 (2003).  

 
COLL 20  

Pyramidal nanoparticles: Fabrication, characterization, and functionalization  

Teri W. Odom, Department of Chemistry, Northwestern University, 2145 Sheridan Road, Evanston, IL 
60208, todom@northwestern.edu  

This talk will focus on the properties of pyramidal nanoparticles that are fabricated by a top-down, large-
area nanoscale patterning procedure called PEEL. These anisotropic particles can be composed of one 
or more materials and have tips with radii of curvature as small as 2 nm. We will describe the optical 
properties of individual as well as arrays of gold pyramidal shells. In addition, we will discuss how this new 
type of structure is ideal for achieving multi-functional particles because the materials, chemical, and 
biological functionalization can be independently controlled.  

 
COLL 21  



In-suspension fabrication of colloidal doublets by a salting out/quenching/fusing technique  

Allison Yake and Darrell Velegol, Chemical Engineering, Pennsylvania State University, 175 Fenske 
Laboratory, University Park, PA 16802, amy151@psu.edu  

Studies have shown that by drastically increasing the ionic strength of a colloidal suspension, particle 
aggregation will occur. However, little has work has been done to control the aggregation to make useful 
colloidal particle aggregates. We demonstrate a simple in-suspension technique that produces designed 
homodoublet and heterodoublet particle aggregates of different materials and functionalizations by 
controlling the aggregation of the particles. The doublets are created by increasing the ionic strength of 
the particle solution to cause the particles to aggregate together. The reaction is then quenched by 
quickly decreasing the ionic strength before larger particle aggregates have the chance to form. These 
doublets can be permanently stuck together through a pressurized high temperature in-solution fusing or 
chemical fusion. The effectiveness of the fusing process is demonstrated by the stability of the doublets 
during intense sonication and agitation. This doublet formation technique is advantageous because it is 
an easy-to-perform, quick, and repeatable process for creating controlled non-spherical colloidal particle 
doublets. Results are presented for the fabrication of polystyrene latex doublet fused aggregates of 
various surface functionalizations. In addition, results are shown for the application of the salting out – 
quenching – fusing technique to colloids of different materials with varying glass transition temperatures. 
The effect of the fusing process on the surface charge of the formed polystyrene latex doublets is 
discussed.  

 
COLL 22  

The breaking of chiral symmetry using long-range electrostatic forces  

Kevin L Kohlstedt1, Graziano Vernizzi1, Francisco J. Solis2, and Monica Olvera de la Cruz1. (1) 
Department of Materials Science and Engineering, Northwestern University, 2220 Campus Dr, Evanston, 
IL 60208, kohlstedt@northwestern.edu, (2) Integrated Natural Sciences, Arizona State University West  

Surface charge heterogeneities result in the adsorption of oppositely charged amphiphilic molecules 
along charged fibers. The competition of this two-component system between electrostatic interactions, 
favoring ionic structures, and the net incompatibility of the co-assembled species, favoring macroscopic 
segregation, leads to local segregation and the formation of periodic patterns along the surface. We 
analyze the symmetry and size of the surface patterns on the surface of cylindrical structures. Lamellar 
patterns are arranged into helical structures along the cylinder, breaking the chiral symmetry. We also 
describe the critical transition between periodic patterns and macroscopic segregation. The characteristic 
domain size L0 jumps discontinuously to infinity, resulting in macroscopic phase segregation of the 
components, at the critical salt concentration κc. The dependence of κc on the helical pitch angle Θ of the 
lamellar is shown. Our results suggest a new physical method to separate patterned ionic fibers with 
different pitch angles by modifying the salt concentration.  

 
COLL 23  

Nanofluids wetting solids: Effect of structural disjoining pressure on wedge film profile  

Alex Nikolov1, Darsh Wasan1, and Kirti Prakash Kondiparty2. (1) Dept of Chemical and Environmental 
Engineering, Illinois Institute of Technology, Chicago, 10W 33rd Street, #139 Perlstein Hall, Fax: 312 567 
3003, nikolov@iit.edu, (2) Dept of Chemical and Environmental Engineering, Illinois Institute of 
Technology, 10W 33rd Street, #116 Perlstein Hall, Fax: 312 567 3003, kkondipa@iit.edu  



Wetting films of a colloidal fluid containing nano-sized particles or surfactant micelles have significant 
technological applications. The colloidal fluid is confined to the gas-liquid-solid three-phase contact region 
of a liquid wedge film formed between a drop and a solid surface. The structural disjoining pressure 
arises from the ordering of nanoparticles or surfactant micelles in a wedge film. This study systematically 
investigates the effects of nanoparticle size, volume fraction, polydipsersity, surface/interfacial tension, 
capillary pressure and contact angle on the three-phase contact region (wedge film) profile. Experiments 
are conducted to monitor the wedge film profile of a hydrocarbon droplet on a glass surface in the 
presence of a nano-fluid using light interferometry. The computer simulations are compared with the 
experimental observations.  

 
COLL 24  

Self-assembly of metal soap molecular patterns on graphite  

Ruomiao Wang1, Wenfei Dong2, Helmuth Möhwald3, and Guangzhao Mao1. (1) Department of Chemical 
Engineering and Materials Science, Wayne State University, 5050 Anthony Wayne Drive, Detroit, MI 
48202, Fax: 001-313-577-3810, rmwang@wayne.edu, (2) Jilin University, (3) Max Planck Institute of 
Colloids and Interfaces  

This paper describes the investigation on molecular patterns of self-assembled monolayers of metal 
arachidates on graphite by AFM and FTIR (Soft Matter 2006, 2, 686). Metal arachidate self-assemblies 
show similar stripe pattern and periodicities as those of arachidic acid. The monolayer structure is mainly 
dictated by graphite, while the type of metal ions mainly affects the domain size, shape and regularity. 
Curved stripes were observed for Cu(AA)2, and rectangular domains were observed for Zn(AA)2 and 
Cd(AA)2. Two different periodicities co-existed on the Cd(AA)2 monolayer. Ill-defined domain boundaries 
were observed in Fe(II)-, Ni(II)-, and Co(II)-containing monolayers. Needle-shaped nanocrystals were 
formed in the presence of Mn(II). FTIR detected coordination bonds in Cu(AA)2, Zn(AA)2, and Cd(AA)2, 
and ionic bond in Cd(AA)2. No specific binding was found for the remaining ions. The results of AFM and 
FTIR are correlated to the Irving-Williams Series, which predicts bond strength of the metal ions to 
ligands.  

 
COLL 25  

Assembly of colloidal spheres into well-defined and controllable structures  

Younan Xia, Department of Chemistry, University of Washington, 109 Bagley Hall, Seattle, WA 98195, 
Fax: 206-685-8665  

My group has studied the dewetting of colloidal suspensions from surfaces patterned with relief structures 
such as cylindrical holes or channels, and developed a new method for assembling colloidal spheres into 
uniform, complex clusters with controllable sizes, shapes, and structures. The capability and feasibility of 
this approach has been demonstrated with the organization of polymer latexes and silica spheres into 
homo-aggregates that include circular rings; polygonal or polyhedral clusters; and linear, zigzag, or spiral 
chains. This method has also been extended to prepare hetero-aggregates in the configuration of a HF or 
H2O molecule that may contain spherical colloids with different compositions, sizes, densities, functions, 
or a combination of all these features. In a recent work, my group has also demonstrated the assembly of 
silica beads into dimemrs with yields >80% in the solution phase by manipulating the interaction between 
the beads. This talk will give an overview of all these methods, with a focus on the mechanism, yield, and 
control.  

 
COLL 26  



Meeting clean energy demand with nanostructure architectures  

Prashant V. Kamat, Department of Chemistry and Biochemistry, University of Notre Dame, Radiation 
Laboratory, Notre Dame, IN 46556, Fax: 574-631-8068, pkamat@nd.edu  

Increasing demand for energy in the near future will force us to seek environmentally clean alternate 
energy resources. Recent strategies to design ordered assemblies of semiconductor and metal 
nanoparticles and carbon nanostructures provide innovative ways to design next generation energy 
conversion devices. Renewable energy such as solar radiation is ideal to meet the demand but require 
new initiatives to harvest the photons employing nanostructured semiconductors and molecular 
assemblies. Our efforts to design ordered assemblies of semiconductor and metal nanoparticles and 
carbon nanostructures for improving the performance of photoelectrochemical solar cells will be 
presented.  
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Unidirectional photo-induced charge transport in templated nanostructures  

Tali Sehayek1, Alexander Vaskevich1, Israel Rubinstein1, and Dan Meisel2. (1) Department of Materials & 
Interfaces, Weizmann Institute of Science, Rehovot 76100, Israel, (2) Radiation Laboratory and 
Department of Chemistry & Biochemistry, University of Notre Dame, Notre Dame, IN 46556, 
dani@nd.edu  

Controlling and maximizing photo-induced charge separation is key to the potential use of solar energy 
for the production of fuels via water splitting reactions or to its utilization in photoelectrochemical cells. We 
adapted synthetic techniques previously developed at the Weizmann Institute for the production of 
metallic-nanoparticles nanotubes (NPNTs) and template-controlled nanotube construction [Angew. Chem. 
Int. Ed. 2003, 42, 5576; Chem. Mater. 2005, 17, 3743] to assemble a system where unidirectional flow of 
electrons in response to excitation by light is integrated into the nanostructure via its very self-assembly. 
We synthesize concentric nanotubes of TiO2 and metallic nanoparticles in nanoporous alumina 
membranes; dye sensitizers are attached to the external nanotubes and the photophysics of the dye on 
and off the tubes are investigated. Synthetic details of the nanotubes' construction and their 
characterization will be described. Potential application in light-energy conversion will be discussed.  
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Enhancing sustainability with graphitic carbon nanofiber materials  

Charles M. Lukehart, Jiang Li, Lang Li, Jason A. Michel, and E. S. Steigerwalt, Department of 
Chemistry, Vanderbilt University, VU Station B 351822, Nashville, TN 37235-1822, 
chuck.lukehart@vanderbilt.edu  

New materials derived from graphitic carbon nanofibers (GCNFs) exhibit chemical reactivity and physical 
properties suitable for achieving enhanced sustainability. PtRu/GCNF nanocomposites show enhanced 
performance as direct-methanol fuel cell anode electrocatalysts. Potassium/GCNF intercalates exhibit 
very low work functions with excellent thermal stability and are promising new materials for direct-energy 
transfer and for hydrogen generation. GCNF/carbon felts are bulk mimics of Lotus leaves having high 
buoyancy and reversible hydrophilic/superhydrophobic surfaces. GCNF-polymer brushes act as solid-
state sensors of organic vapors with analyte specificity determined by the choice of polymer brush.  
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Multifunctional mesoporous nanoparticle-based catalysts and controlled release delivery systems 
for bioenergy applications  

Victor S-Y. Lin, Department of Chemistry and U.S. DOE Ames Laboratory, Iowa State University, 0755 
Gilman Hall, Iowa State University, Ames, IA 50011, Fax: 515-294-0105, vsylin@iastate.edu  

We have developed a new synthetic strategy for preparing a series of multifunctionalized mesoporous 
metal oxide nanoparticle materials. This method allows us to tune the relative ratio of different functional 
groups and the resulting particle morphology of these nanomaterials. By utilizing this method, we have 
developed a new cooperative catalytic system for bioenergy related applications. The selectivity of these 
multifunctionalized mesoporous materials could be systematically tuned by varying the physicochemical 
properties of the surface-bound organic groups. Also, we have synthesized a mesoporous nanoparticle-
based intracellular controlled release system that can transfect plant cells and tissues for bioenergy 
applications.  
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Exploring nanoparticles as building blocks toward catalytic and sensing materials  

Chuan-Jian Zhong, Department of Chemistry, State University of New York, P.O. Box 6000, 
Binghamton, NY 13902, cjzhong@binghamton.edu  

This presentation describes findings in our investigations of metal and oxide nanoparticles as building 
blocks towards catalytic and sensing materials. We have been exploring molecularly-mediated synthesis, 
processing, and assembly of such nanoparticles as a general bottom-up pathway. One area involves 
nanostructured catalysts, focusing on understanding the synergistic physical and chemical properties of 
multi-component nanoparticles such as monometallic, binary/ternary alloy, and core-shell nanoparticles of 
different compositions, sizes, and morphologies. Another area involves nanostructured sensing, focusing 
on understanding the electronic, optical and magnetic properties of nanoparticle assemblies with 
controlled interparticle molecular interactions. The applications of these nanomaterials in fuel cell 
catalysis and chemical/biological sensing will also be discussed.  
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Electron and energy transfers between nanoparticles  

Dongil Lee, Junhyung Kim, Mariana Kondon, and Princess M Cox, Department of Chemistry, Western 
Michigan University, 1903 W Michigan Ave, Kalamazoo, MI 49008, dongil.lee@wmich.edu  

We will present investigations of electron and energy transfer processes in metal-metal and metal-
semiconductor nanoparticle assemblies. The metal nanoparticles are monolayer-protected gold clusters 
(MPCs) with core diameters of 1-5 nm. The semiconductor nanoparticles are CdSe quantum dots and 
TiO2. First we will discuss the interparticle electron transfer dynamics in well-defined monolayers of a 1.1 
nm Au MPC in which the interparticle distance is precisely controlled by the Langmuir technique. 
Voltammograms of the MPC monolayers display a well-defined single electron charging peak that 
increases remarkably with decreasing interparticle distance. The rate constant computed from the peak 
current for interparticle electron transfer exponentially increases as the distance decreases, which is 
consistent with the electron tunneling mechanism. Secondly, we will discuss the photogenerated electron 



and energy transfers in TiO2-MPC and CdSe-MPC systems. In both systems, the transfer efficiency 
increases significantly with increasing Au MPC core size from 1 to 5 nm. The core size effects will be 
discussed along with the deactivation mechanisms of the photoexcited semiconductor nanoparticles.  
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Integrated, nanoarchitectured proton-exchange fuel-cell electrodes—without ionomer or carbon  

Christopher N. Chervin, Jeffrey W. Long, Katherine A. Pettigrew, and Debra R. Rolison, Surface 
Chemistry Branch, Naval Research Laboratory, Code 6170, 4555 Overlook Ave SW, Washington, DC 
20375-5342, Fax: 202-767-3321, christopher.chervin@nrl.navy.mil  

Evidence is mounting that adventitious or deliberate use of mixed-valent hydrous oxides that support 
electron and proton conductivity can improve the electrocatalytic activity of fuel-cell reactions. For 
example, hydrous ruthenium oxide (RuOxHy or RuO2•xH2O) when combined with nanocrystalline Pt 
exhibits higher activity for methanol oxidation over the respective alloys or pure Pt. These results indicate 
that there is new compositional and design phase space to explore—one that moves away from the 
reliance on alloy-based electrocatalysts for fuel-cell electroreactions. Atomic pair density functional 
analysis of hydrous ruthenium oxide shows that it is an innate nanocomposite comprising an electron-
conducting wire of nanocrystalline RuO2 percolating through hydrous, proton-conducting domains. 
Redesigning electrocatalysts away from the alloy paradigm and toward that of multifunctional 
nanocomposites may thus offer a new route to high activity for fuel-cell electroreactions while minimizing 
the amount of Pt. We propose an ultraporous, multifunctional nanoarchitecture with the necessary 
electron conductivity to which Pt colloids are electrosorbed. Proton conductivity is then imported into the 
architecture by partial conversion of the electron-only-conducting RuO2 to electron/proton conducting 
RuOxHy. The resulting nanocomposite retains the free volume of the aerogel, permitting a facile flux of 
reactants into the interior and offers a platform around which to design a carbon- and ionomer-free fuel-
cell electrode.  

 
COLL 33  

PCB and fullerene-decorated supported lipid bilayers  

Andrew A. Gewirth1, Tighe A. Spurlin2, and Andrew S. Campbell2. (1) Department of Chemistry, 
University of Illinois at Urbana-Champaign, 505 S. Mathews Avenue, Urbana, IL 61801, Fax: 217-333-
2685, agewirth@uiuc.edu, (2) Department of Chemistry, University of Illinois  

We report on studies examining the interaction of supported lipid bilayers with materials exhibiting 
toxicological effects. We first examine water soluable fullerenes. The major route of cellular damage for 
water soluble fullerenes is lipid oxidation damage of cell membranes. A potential secondary route of 
toxicity involves the ability of fullerene to interact with and disrupt cell membrane structure. To investigate 
the ability of fullerene to interact with and disrupt cell membranes experiments utilizing supported lipid 
bilayers and atomic force microscopy were earned out. Supported lipid bilayers composed of zwitterionic 
lipid headgroups were examined before and after addition of water soluble fullerenes to observe changes. 
Additionally, the effect of fullerene on zwitterionic bilayer phase transitions was probed to ascertain 
structural changes. Supported lipid bilayers prepared with cationic lipid headgroups were examined to 
investigate the role of charge in fullerene lipid interactions. Our results indicate that water soluble 
fullerenes adhere to the headgroups of supported bilayers. Bilayers composed of lipids with cationic lipid 
headgroups appear to adsorb greater amounts of water soluble fullerenes when compared to zwitterionic 
lipid bilayers at identical concentrations. We also report on studies examining the interaction of supported 
bilayers with polychlorinated biphenyls (PCBs). In contrast to the fullerenes, these molecules intercalate 



into the bilayer, producing substantitive changes in bilayer structure, phase transition behavior, and fluid 
phase mobility.  

 
COLL 34  

Mechanism of membrane disruption by antimicrobial peptide Protegrin-1  

Kin Lok H. Lam, Department of Physics, The Institute for Biophysical Dynamics, The James Franck 
Institute, The University of Chicago, 929 E. 57th St., CIS-ESB31, Chicago, IL 60637, 
kllam@uchicago.edu, Yuji Ishitsuka, Department of Chemistry, The Institute for Biophysical Dynamics, 
The James Franck Institute, The University of Chicago, Alan J. Waring, Department of Pediatrics, 
Harbor/UCLA, Robert I. Lehrer, Department of Medicine, UCLA, and Ka Yee C. Lee, Department of 
Chemistry, The Institute for Biophysical Dynamics and The James Franck Institute, The University of 
Chicago  

Protegrin-1 (PG-1), a cationic antimicrobial peptide, kills bacteria by causing an increase in membrane 
permeability to ions or larger molecules. To understand the mechanism of antimicrobial peptide action, 
we investigated, via atomic force microscopy, topological changes in supported phospholipid bilayers 
induced by PG-1. PG-1 induces structural transformations in lipid bilayers, progressing from fingerlike 
instabilities at bilayer edges, to the formation of sievelike nanoporous structures, and finally to a network 
of stripelike structures in a zwitterionic dimyristoylphosphatidylcholine (DMPC) model membrane in buffer, 
with increasing PG-1 concentration. In addition, to investigate the dependence of lipid-peptide interactions 
on electrostatics, studies involving charged lipids have been carried out. Similar progression of structural 
transformations has been observed in membranes containing anionic lipids, but with lower critical 
concentrations compared to the zwitterionic system. The visualization of structural transformation 
provides details of the membrane disruption mechanism by PG-1.  

 
COLL 35  

Polymer-induced flip-flop in biomembranes  

Alexander A. Yaroslavov1, Nikolay S. Melik-Nubarov1, and Fredric M Menger2. (1) 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, (2) Department of Chemistry, Emory University  

The ability of amphiphilic polymers (e.g. ethylene oxide/propylene oxide block copolymers) and 
polycations (e.g. quaternized poly(4-vinylpyridine)) to accelerate translocation from the inside leaflet to 
the outside leaflet (“flip-flop”) within lipid bilayer membranes. The nonionic are bound to the biological 
membrane via incorporation of their hydrophobic blocks into the inner part of the lipid bilayer occupied by 
the alkyl residues. The resulting scrambling of lipid molecules is favored by the overall hydrophobicity of 
the copolymer and the volume of its hydrophobic block. Binding of the cationic polymers, on the other 
hand, is driven by electrostatic interactions between the positive polymer units and negative lipid 
headgroups. Electrostatic binding favors both the flip-flop of negative lipid from the inner to outer leaflet 
and the formation of anionic domains in the outer leaflet. Brief mention is made of the biological import of 
the data.  

 
COLL 36  

Cell membrane-mediated amyloid-β fibrillogenesis and membrane disruption  



Eva Y. Chi1, Shelli L Frey2, Amy M. Winans1, Jaroslaw Majeswki3, Kristian Kjaer4, and Ka Yee C. Lee1. 
(1) Department of Chemistry, The Insitute for Biophysical Dynamics and The James Franck Institute, The 
University of Chicago, CIS-ESB31, 929 E. 57th Street, Chicago, IL 60637, evachi@fenjing.com, (2) 
Department of Chemistry, The Institute for Biophysical Dynamics and The James Franck Institute, The 
University of Chicago, (3) Los Alamos Neutron Scattering Center, Los Alamos National Laboratory, (4) 
Niels Bohr Institute, University of Copenhagen  

There is increasing evidence that a class of membrane lipids, ganglioside GM1, can mediate the 
fibrillogenesis and toxicity of Alzheimer's disease amyloid-β peptide (Aβ). Using lipid monolayers and 
vesicles as model membranes, we evaluated the interactions between Aβ and GM1-containing monolyers 
via constant pressure insertion experiments, and the effect of these interactions on Aβ fibril formation and 
membrane disruption. Aβ exhibited direct and favorable interactions with GM1. GM1 facilitated the insertion 
of Aβ into condensed domains, resulting in significant disruptions to membrane morphology. During 
incubation with POPC vesicles containing physiological levels of GM1, association of Aβ with vesicles 
seeded Aβ fibril formation. In conclusion, favorable interactions and G between AβM1 in the cell 
membrane may provide a mechanism for Aβ fibrillogenesis in vivo and Aβ-induced disruption of the cell 
membrane may provide a pathway by which Aβ exerts toxicity.  

 
COLL 37  

Protein interactions on supported lipid bilayers  

Paul S. Cremer, Department of Chemistry, Texas A&M University, MS 3255, College Station, TX 77843, 
Fax: 979-845-7561, cremer@mail.chem.tamu.edu, and Susan Daniel, Chemistry Department, Texas 
A&M University  

This talk will discuss developments concerning the interactions of proteins in planar supported lipid 
membranes. These studies were conducted by fluorescence microscopy as well as the fluorescence 
recovery after photobleaching (FRAP) technique. Our results indicate that it is possible to discern the 
difference between proteins which jam on the surface of the bilayer and those which crystallize.  
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Reconstitution of bacteriorhodopsin into artificial cyclic lipid membranes  

Motonari Shibakami1, Makoto Nakamura1, Shin Miyoshi1, Rie Goto1, Masashi Sonoyama2, and Shigeki 
Mitaku2. (1) Institute for Biological Resources and Functions, National Institute of Advanced Industrial 
Science and Technology, Central 5th, 1-1-1 Higashi, Tsukuba 305-8565, Japan, Fax: 1-81-29-861-4547, 
moto.shibakami@aist.go.jp, (2) Department of Applied Physics, Nagoya Univ, Furo-cho, Chikusa-ku, 
Nagoya 464-8603, Japan, Fax: 81-52-789-3708  

Considerable resistance of archaea to harsh environments is derived from cyclic lipids in their 
biomembranes. We have synthesized artificial cyclic lipids that mimic the natural ones, and reported that 
these lipids form various assemblies. Specifically, vesicles are of interest as a matrix of membrane protein 
reconstitution. In this paper, reconstitution of bacteriorhodopsin (bR) into the cyclic lipid vesicles was 
performed. The primary aim of this study is to investigate the lipid structure on the structure, function, and 
dynamics of bR as well as the feasibility as a matrix. bR was successfully incorporated. The 
proteoliposome showed significant red shift of visible absorption upon irradiation, suggesting that light-
adaptation of bR in the vesicles. CD spectra indicated reconstituted bR retains higher-order structure 
similar to native purple membrane. Light-induced pH change experiments showed that the bR is 
incorporated into the cyclic lipid membranes in the same direction as that observed in native purple 
membrane.  
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Developing reagents for the stabilization of membrane proteins  

Qinghai Zhang, Department of molecular biology, The Scripps Research Institute, 10550 N. Torrey Pines 
Rd, CB 256, La Jolla, CA 92037, Fax: 858-784-9985, qinghai@scripps.edu  

Integral membrane proteins are essential for cell function and comprise more than 50% of human drug 
targets. However, instability of integral membrane proteins in aqueous detergent solution presents a 
significant challenge towards their preparation and study in various fields from structural biology to drug 
screening. Therefore, the development of new amphiphilic molecules for the stabilization of integral 
membrane proteins is critically important. We will report our recent progress in two parallel studies: 1) 
detergent library synthesis and their screening on a diversity of membrane protein systems; and 2) 
development of new types of amphiphilic molecules that structurally differ from the classical detergents.  
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Microstructure, phase, nucleation, and growth of lipid domains in model cell membranes  

Craig D. Blanchette, Biophysics Graduate Group, University of California, Davis, One Shields Ave, Davis, 
CA 95616, cdblanchette@ucdavis.edu, Wan-Chen Lin, Biophysics Graduate Group, Univerisity of 
California, Davis, Christine A. Orme, Chemistry and Materials Science, Lawrence Livermore National 
Laboratory, Timothy V. Ratto, Chemistry and Materials Science Directorate, Lawrence Livermore National 
Laboratory, and Marjorie L. Longo, Department of Chemical Engineering and Materials Science, 
University of California, Davis, One Shields Avenue, Davis, CA 95616, mllongo@ucdavis.edu  

In order to provide information that might assist in understanding cell membranes, we are studying 
microstructure, phase, and dynamic nucleation and growth of lipid domains in model membranes of 
various compositions and symmetry states. Atomic force microscopy (AFM) is predominantly utilized 
because it allows for nanometer-scale observations with reasonable time resolution for these processes 
occurring in supported multi-component lipid bilayers in phase-coexistence. We supplement with 
fluorescent microscopy techniques and giant vesicles, usually when cholesterol is involved. Three studies 
will be presented: 1. We investigate the interplay between acyl chain unsaturation, hydrophobic 
mismatch, and sterol concentration controlling domain microstructure and phase in a ternary lipid system. 
2. We observe domain nucleation and growth and apply as a first approximation classical nucleation and 
growth analysis to obtain line tension and activation energies for symmetric (in one leaflet) vs. asymmetric 
(coupled, in both leaflets) domains. 3. We observe domain nucleation and growth in the ternary lipid 
system to obtain the same thermodynamic parameters. Of particular interest is the calculation of critical 
nuclei size and nucleation rate near the miscibility point and inferences for lipid domains of various sizes 
and lifetimes in cell membranes.  
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Live cell imaging with semiconductor and magnetic quantum dots  

S. Tamil Selvan1, Pranab K Patra1, Georgia C. Papaefthymiou2, and Jackie Y. Ying1. (1) Institute of 
Bioengineering and Nanotechnology, 31 Biopolis Way, The Nanos, #04-01, Singapore 138669, 
Singapore, selvan@ibn.a-star.edu.sg, (2) Department of Physics, Villanova University  



We have developed a facile synthesis of a bi-functional nanocomposite system consisting of magnetic 
nanoparticles (Fe2O3) and semiconductor quantum dots (CdSe QDs). CdSe QDs were grown onto 
preformed Fe2O3 cores at high temperature (300 oC) in the presence of organic surfactants, yielding 
either heterodimers or homogeneous dispersion of QDs around the cores. The obtained magnetic 
quantum dots (MQDs) exhibited tunable emission properties and superconducting quantum interference 
device (SQUID) data illustrated that the MQDs were superparamagnetic. The plain QDs and MQDs 
(without ZnS capping) were coated with thin layers of silica and finally used for the labelling of different 
live cell membranes (HepG2 human liver cancer cells, NIH-3T3 mouse fibroblast cells, and 4T1 mouse 
breast cancer cells) through a simple bioconjugation method.  
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Aptamer-capped nanocrystal quantum dots: A new method for label free protein detection  

Jong Hyun Choi, Kok Hao Chen, and Michael S. Strano, Department of Chemical and Biomolecular 
Engineering, University of Illinois at Urbana-Champaign, Roger Adams Laboratory, 600 S. Mathews Ave, 
Urbana, IL 61801  

We demonstrate that aptamer-capped near infrared PbS quantum dots (QD) can detect a target protein 
based on selective charge transfer. The water-soluble QD are synthesized with thrombin-binding 
aptamer, which retains the secondary quadruplex structure necessary for binding to thrombin. These QD 
have diameters of 3~6 nm and fluoresce near 1050 nm with a quantum yield of ~23%. When the 
aptamer-functionalized QD binds to its target, a fluorescence quenching occurs due to charge transfer 
from amine groups on the protein to the QD. Thrombin is detected within one minute with a detection limit 
of ~1 nM. This selective detection is observed even in the presence of high background concentrations of 
interfering negatively or positively charged proteins, suggesting that aptamer-capped QD could be useful 
for label free protein assays.  
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Design of quantum dot-conjugated phospholipids and membrane proteins for single molecule 
tracking studies  

Daniel E. Minner1, Michael J. Murcia2, Kyungsoo Oh2, K. Ritchie3, and Christoph A Naumann2. (1) 
Deparment of Chemisty and Chemical Biology, Indiana University Purdue University Indianapolis, 402 
North Blackford Street, Indianapolis, IN 46202, dminner@iupui.edu, (2) Department of Chemistry and 
Chemical Biology, Indiana University Purdue University Indianapolis, (3) Department of Physics, Purdue 
University  

To overcome the limited photostability of using organic dyes in single molecule fluorescence microscopy, 
this study reports on the design and characterization of quantum dot (QD)-conjugated membrane probes 
for single molecule tracking studies. High quality CdSe/ZnS quantum dots (QDs) have been synthesized 
using a facile sonochemical synthesis approach. By employing ultra-thin coatings, water-soluble 
CdSe/ZnS QDs of 5-10nm diameter have been prepared. To evaluate the proper function of the coatings, 
the water solubility and colloidal stability of coated QDs were determined using confocal fluorescence 
correlation spectroscopy. Two types of heterobifunctional linkers have been synthesized and incorporated 
into the QD coatings to facilitate the conjugation to phospholipids and membrane proteins 
(bacteriorhodopsin, ƒÑvƒ"3 integrin). Proper functionality was verified by exploring the diffusion properties 
of QD-conjugated lipids and membrane proteins relative to their dye-labeled counterparts using wide-field 
single molecule fluorescence microscopy.  
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Aqueous synthesis of glutathione-capped ZnSe and Zn1-xCdxSe alloyed quantum dots  

Yuangang Zheng, Zichao Yang, and Jackie Y. Ying, Institute of Bioengineering and Nanotechnology, 31 
Biopolis Way, The NANOS, #04-01, Singapore 138669, Singapore, Fax: 65-64789084, ygzheng@ibn.a-
star.edu.sg  

Fluorescent semiconductor nanocrystals or quantum dots (QDs) are of great interest to many applications 
such as photonic devices and bio-labeling. We have developed an aqueous synthesis for glutathione-
capped ZnSe and Zn1-xCdxSe alloyed QDs, which are tunable in fluorescence emissions between 360 
nm and 500 nm. They show high quantum yields of up to 50%, with narrow bandwidths of 20–32 nm. The 
glutathione-capped Zn1-xCdxSe QDs are highly water-soluble and biocompatible, allowing for blue 
fluorescent labeling in biological imaging applications. The facile synthesis of glutathione-capped ZnSe 
and Zn1-xCdxSe QDs presented is simple and cost-effective compared to the conventional 
organometallic approaches. It represents the first direct synthesis of blue fluorescent quantum dots in 
aqueous solution. The approach can be easily scaled up for the commercial production of alloyed 
nanocrystals of various compositions.  

 
COLL 45  

Hybrid metal/dielectric/semiconductor-quantum-dot nanostructures: Synthesis and 
characterization of semiconductor-metal interactions  

Nanguo Liu, Bradley S. Prall, and Victor I. Klimov, Chemistry Division, Los Alamos National Laboratory, 
Los Alamos, NM 87545, Fax: 505-667-7289, nanguo@lanl.gov  

Enhancement in light-matter interactions near metal surfaces has been widely utilized in surface-
enhanced Raman spectroscopy (SERS). SERS is based on the enhancement on local fields associated 
with excitation of collective electron oscillations in metals (surface plasmons), which can lead to orders-of-
magnitude increase of molecular Raman cross-sections. Interactions with surface plasmons can also be 
applied for enhancing photoluminescence efficiency of emitting chromophores and/or absorbtivity of light 
absorbing species by enhancing an emitting/absorbing dipole. In the latter two cases, a serious 
complication arises from nonradiative damping of the photoexcited dipole via energy transfer to a metal. 
The competition between enhancement and quenching of the dipole is strongly dependent on the 
distance to the metal surface. Here we report on the synthesis and spectroscopic characterization of well-
defined hybrid superstructures that consist of a metal (Au or Ag) core overcoated with a silica shell, 
followed by a dense monolayer of CdSe nanocrystal quantum dots (QDs). The dielectric silica spacer of a 
controlled thickness provides a simple means for tuning interactions between the QD emitters and the 
metal core. To illustrate this tunability, we demonstrate switching between QD emission quenching and 
enhancement by varying the silica shell thickness.  

 
COLL 46  

Langmuir and Langmuir-Blodgett films of quantum dots  

Roger M Leblanc, Kerim M. Gattás-Asfura, Xiaojun Ji, and Jianmin Xu, Department of Chemistry, 
University of Miami, 1301 Memorial Drive, Coral Gables, FL 33146, Fax: 305-284-1880, rml@miami.edu  



Langmuir monolayers and Langmuir-Blodgett (LB) films for CdSe, (CdSe)ZnS Quantum Dots (QDs) were 
investigated using specific techniques as surface pressure- and surface potential-area isotherms, UV-Vis 
and emission spectroscopies and TEM. QDs were capped with trioctylphosphine oxide (TOPO), 
octadecanethiol (ODT) and a photopolymerizable diacetylene-peptide. Varying the nanoparticle size, 
nature of surfactant, surface pressure, and mixed monolayers could help engineer the 2D self-assembly 
of the QDs at the air-water interface. In addition it was shown that is possible to determine the molar 
absorptivity of the QDs in 2D using the limiting molecular area. The Langmuir monolayer of the 
diacetylene-peptide capped QDs became rigid upon UV irradiation upon formation of a polydiacetylene 
network. This can be used to control the distance between QDs in a rigid matrix. The linearity between 
the emission intensity and the number of layers transferred as LB film showed that it is possible to form 
highly organized QDs arrays.  

 
COLL 47  

Optical properties of charged quantum dots  

Praket P Jha and Philippe Guyot-Sionnest, James Franck Institute, University of Chicago, 929 E. 57th 
Street, Chicago, IL 60637, praket@uchicago.edu  

The optical properties of colloidal quantum dots are sensitive to extra charges. The optical absorption of a 
system of dots can be modified by adding electrons to their quantized states. These extra charges can 
quench the photoluminescence (PL) of quantum dots by Auger relaxation or by getting trapped into non-
radiative recombination sites on the surface. The PL efficiency is thus affected by the surface of the dots 
as well as the interaction between the charges and the exciton. In this presentation, I will discuss the 
effects of electrochemical injection of charges on the PL of colloidal quantum dots, and our efforts to 
reduce the quenching by the surface of these dots.  

 
COLL 48  

Synthesis of InP quantum dot and its surface functionalization for nanostructured solar cells  

Tingying Zeng, Jordan E. Norris, and Trevor W. Veatch, Department of Chemistry, Western Kentucky 
University, 1906 College Heights Blvd-11079, Bowling Green, KY 42101-1079, Fax: 270-745-5361, 
tingying.zeng@wku.edu  

Semiconductor nanocrystalline quantum dots (QDs) are attracting great attention for nanostructured solar 
cells. Their optical properties critically depend on both particle size and the particle surface chemistry. 
There are considerable studies on optical properties of II-VI QDs and their surface passivation for 
different applications, while there are a few reports on that of III-V QDs. Here we report the synthesis of 
InP quantum dots and the surface functionalization for the application of nanostructured solar cells. Our 
results showed that surface functionalization and the nanostructure of InP QDs significantly affect the 
charge transfer efficiency between the nanointerface of InP QDs and TiO2 nanocrystals.  

 
COLL 49  

Gel-forming patchy colloids and network glass formers: Thermodynamic and dynamic analogies  

Francesco Sciortino, Dipartimento di Fisica, Universita' di Roma La Sapienza, Piazzale Aldo Moro 2, 
Roma I-00185, Italy, francesco.sciortino@phys.uniroma1.it  



I will discuss thermodynamic and dynamic properties of simple models of particles with patchy 
interactions. Results provide, simultaneously, a description of network-forming liquids like water and silica 
as well as of Pine-colloids, the new generation of molecular colloids. We show that the possibility of 
controlling the valence (i.e. the number of bonded nearest neighbors) has two interesting consequences 
on the thermodynamic of the system: (i) It reduces the region of the phase diagram where liquid-gas 
coexistence is observed, opening up the region of stability of the liquid phase, favoring the establishment 
of homogeneous disordered materials at small packing fraction, which can be named accordingly stable 
equilibrium gels or network glasses. (ii) it offers the possibility of generating liquid states (i.e. states with 
temperature lower than the liquid-gas critical temperature) with a vanishing occupied packing fraction, a 
case can not be realized with spherically interacting particles.  

– “Phase diagram of patchy colloids: empty liquids and ideal gels” Emanuela Bianchi, Julio Largo, Piero 
Tartaglia, Emanuela Zaccarelli and Francesco Sciortino PRL (2006),  

– “Dynamics in the presence of attractive patchy interactions” Cristiano De Michele, Simone Gabrielli, 
Francesco Sciortino and Piero Tartaglia, J. Phys. Chem. B (2006).  

– “Slow dynamics in a primitive tetrahedral network model” C. De Michele, P. Tartaglia, F. Sciortino, 
(cond-mat/0606618) JCP in press.  

 
COLL 50  

Colloidal lithiography and particle decoration metrology  

Thuy Truong Chastek, Polymers Division, NIST, 100 Bureau Dr, Bldg 224, MS8542, Gaithersburg, MD 
20899, thuy.chastek@nist.gov, and Steven D. Hudson, Polymer Division, NIST  

The self-assembled organization of particles depends on the symmetry of their interactions, and strides 
are being made in producing nanoparticles of controlled shape and functionalization. Here we use particle 
adsorption to control and detect surface modification, particle symmetry and shape. We have studied 
ways to achieve a random sequential adsorption (RSA) of polystyrene (PS) spheres to make specifically 
shaped nanoparticles on charged polyelectrolyte films. The polyelectrolyte film was used to guarantee a 
high degree of surface coverage of PS particles. After coating the spheres with an oppositely charged 
layer and releasing them from the charged film, they had a small charged area on their surface. This 
provided sufficient area to associate with only a single oppositely charged particle of comparable size, 
and resulted in the controlled formation of anisotropicly-shaped doublets. Additionally, a strategy that 
added oppositely charged particles which were smaller than the unneutralized surface area of the PS 
spheres was used to measure the size of the exposed charged area.  

 
COLL 51  

Self-assembly of patchy particles into terminal and bulk structures  

Sharon C. Glotzer, Zhenli Zhang, and Ting Chen, Department of Chemical Engineering, University of 
Michigan, 2300 Hayward Street, Ann Arbor, MI 48109-2136, sglotzer@umich.edu  

We present results of computer simulations of patchy particle “shape amphiphiles” undergoing self-
assembly. We show how various measures of anisotropy, including particle shape, patterning, 
functionalization and interaction selectivity, can be combined and exploited to achieve complex 
mesoscale one-, two- and three-dimensional structures such as wires, sheets, shells, helices, gyroid, 
diamond, and other complex structures through self-assembly. We discuss in detail the self-assembly of 



cone-shaped particles into precision micelles identical to colloidal molecules obtained by droplet 
evaporation in the limit of small numbers of particles, and identical to icosahedral virus structures for 
intermediate to large numbers of particles.  

 
COLL 52  

Janus colloids assemble into cluster shapes  

Liang Hong1, Angelo Cacciuto1, Erik Luijten1, and Steve Granick2. (1) Department of Materials Science 
and Engineering, University of Illinois, 1304 West Green St., Urbana, IL 61801, (2) Departments of 
Materials Science, of Chemistry, and of Physics, University of Illinois  

We explore the assembly of two types of micron-sized, spherical Janus particles: those with opposite 
electric charge on both hemispheres (“bipolar”) and those hydrophobic on one hemisphere and 
hydrophilic on the other (“amphiphilic”). Bipolar particles form clusters, not strings, as the particle diameter 
exceeds the electrostatic screening length. The cluster shapes are analyzed by combined 
epifluorescence microscopy and Monte Carlo computer simulations with excellent agreement, indicating 
that the particles assemble in aqueous suspension to form equilibrated aggregates. The simulations show 
that charge asymmetry of individual bipolar particles is preserved in the clusters. The assembly of 
amphiphilic particles presents analogies to the self-assembly of molecular surfactants, forming 
monolayers at the air-water interface and micelles in the aqueous suspension. By tuning the salt 
concentration, different phases of micelle can be imaged in real space. Computer simulations confirm the 
geometries of these micelles and reveal possible formation mechanisms.  

 
COLL 53  

Self-assembly of CdTe nanoparticles into sheets and wires: Role of anisotropy  

Zhenli Zhang, Zhiyong Tang, Nicholas A. Kotov, and Sharon C. Glotzer, Department of Chemical 
Engineering, University of Michigan, 2300 Hayward Street, Ann Arbor, MI 48109-2136, 
zlzhang@umich.edu  

By controlling the organic stabilizers on the surfaces of CdTe nanodots, these particles are found in 
experiments to self-assemble into one-dimensional wires and two-dimensional sheets[1,2]. To explore the 
underlying mechanisms for the formation of the two structures we perform simulations on multiple scales 
ranging from quantum mechanics to mesoscale stochastic simulations. The simulations and 
corresponding energy analysis demonstrate that a delicate balance of anisotropic forces between 
nanoparticles is responsible for the different nanostructures they form. In particular, we show how 
nanoparticle shape, directional hydrophobic attraction, and electrostatic interactions determine the 
anisotropy of the interaction and final self-assembled structures. Based on our findings, we propose 
design rules for the fabrication of nanocolloidal atoms and molecules.  

 
COLL 54  

Stability and self-assembly studies of a thermostable flagellin protein from Aquifex pyrophilus  

Srivani V. Mukkamala1, V. Raghu Ram Malapaka2, Narayanan Srividya1, Subra Muralidharan1, and Brian 
C. Tripp2. (1) Department of Chemistry, Western Michigan University, 3120 Wood Hall, Kalamazoo, MI 
49008, Fax: 269 387-2909, srivani.mukkamala@wmich.edu, (2) Biological Sciences Dept. and Chemistry 



Dept, Western Michigan University, Mailstop 5410, 1903 West Michigan Ave., Kalamazoo, MI 49008-
5410, Fax: 269-387-5609, brian.tripp@wmich.edu  

The FlaA flagellin protein forms thermostable flagella nanotubes; it is derived from the hyperthermophilic 
species, Aquifex pyrophilus, a eubacterial species that grows at high temperatures, e.g., 85 deg. C. FlaA 
was expressed in E. coli cells at 37 °C as insoluble inclusion bodies; these were solubilized by alkaline 
pH, refolded by dialysis and purified by liquid chromatography. The stability and self-assembly of FlaA 
were investigated by intrinsic fluorescence intensity, fluorescence anisotropy, light scattering, circular 
dichroism, fluorescence microscopy and transmission electron microscopy. The unfolding pathway of 
FlaA was determined as a function of guanidine hydrochloride concentration. Unlike a mesophilic flagellin, 
the FlaA exhibited an partially folded intermediate state and required higher concentrations of GdnHCl for 
complete unfolding. Rod shaped aggregates were obtained upon addition of polyethylene glycol, while 
other solvent conditions did not promote self-assembly. This work represents the first investigation of 
thermally stable protein nanotubes for the generation of novel bionanostructures.  

 
COLL 55  

In-solution directed assembly of heterogeneous colloidal aggregates  

Charles E Snyder, Allison Yake, and Darrell Velegol, Chemical Engineering, Pennsylvania State 
University, 175 Fenske Laboratory, University Park, PA 16802, ces988@psu.edu  

Controlled aggregation is necessary for bottom-up assembly processes in solution. Colloidal interactions 
may be controlled electrostatically (chemical control) or through localized depletion forces (physical 
control). By adsorbing particles to a substrate (a flat plate, other particles, or a combination of the two), 
we are able to adsorb coating onto the particle surfaces while excluding coating from the region that is in 
contact with the substrate. This process allows the alteration of the particle's properties at one site. The 
size of the masked region is controlled through varying the coating size and the solution's ionic strength. 
This selective deposition process, coined "particle lithography", also enables control of in solution colloidal 
interactions. The altered site on one particle may interact specifically with other types of particles. The 
result is the controlled formation of heteroaggregates.  

 
COLL 56  

Step toward colloidal “molecules”  

Dayang Wang, Interface, Max Planck Institute of Colloids and Interfaces, Am Muehlenberg 1, Research 
Campus Golm, Potsdam 14424, Germany, Fax: 49-331-5679202, dayang.wang@mpikg-golm.mpg.de  

Colloidal particles of sizes ranging from a few nanometers to several micrometers are recognized as 
innovative building blocks in the modern technology due to the peculiar confinement effect of electrons – 
associated with nanoparticles – and photons – associated with microparticles. Self-assembly of colloidal 
particles allows not only construction of various hierarchical structures but manipulation of the interaction 
between the particles also. In order to achieve a sophisticated control of self-assembly, our current effort 
is devoted to establishment of methodologies to give colloidal particles the mimicry of atoms and 
molecules mainly relying on surface modification. This lecture will present that the appropriate 
hydrophobic coating may render nanoparticles surface active. The resulting particles can spontaneously 
self-assembly at water/oil interfaces and even stabilize emulsions, providing nanoscale analogues of 
surfactants. Besides, in this lecture, the use of colloidal crystals as templates to realize stereo-decoration 
of microspheres with Au nanodots will be discussed as well. It will show that the configuration of the Au 
dots on the spheres resembles the s-p hybridized orbitals associated with such as carbon or silicon 
atoms, thus creating micron-sized analogues of atoms.  



 
COLL 57  

Green and biosafe metal nanoparticles  

Catherine J. Murphy, Chemistry and Biochemistry, University of South Carolina, Columbia, SC 29208, 
murphy@mail.chem.sc.edu  

Metal nanoparticles are increasing gaining attention for biological applications, including chemical sensing 
and imaging, and drug delivery. We present synthetic methods to make these materials in water, in air, at 
room temperature, that give excellent size and shape control. We will also present cytotoxicity data and 
other biological experiments which suggest that nanoscale metals are not detrimentally reactive when in 
contact with living systems.  

 
COLL 58  

Investigation of enhanced photocatalytic reduction and oxidation of titanium oxide nanotubes  

Huifang Xu1, Hiromi Konishi2, Rakesh R. Yeredla1, and Yifeng Wang3. (1) Department of Geology and 
Geophysics, and Materials Science Program, University of Wisconsin - Madison, 1215 West Dayton 
Street, Madison, WI 53706, Fax: 608-262-0693, hfxu@geology.wisc.edu, (2) Departments of Geology 
and Geophysics and Mechanical Engineering, University of Wisconsin - Madison, (3) Sandia National 
Laboratories  

Oxidation of acetaldehyde was used to test the efficiency of the Ti-oxide nanotube and Degussa P25 
photocatalysts. The nanotube samples showed better photoactivity than the standard P25 (a mixture of 
anatase and rutile) because the P25 titania deactivated quickly in a process of VOC (volatile organic 
compound) oxidation. Experiments of hydrogen production from solution of water with ascorbic acid show 
that the nanotube sample is also more reactive than nano-plate and P25 titania samples. It is poropsed 
that the observed enhanced photocatalytic reactivity of the nanotube is related to electrical polarity 
developed between the outer and inner surfaces due to the difference in overlap of oxygen anions that is 
resulted from curving of octahedral sheets. The electrical polarity will enhance the separation of electron–
hole pairs, and therefore leading positive holes on valence band to the outer surface for photo-catalytic 
oxidation, and electrons on conduction band to the inner surface for photo-catalytic reduction and even 
reduction of water to hydrogen. The enhanced electron–hole separation is a the key for increasing 
quantum efficiency (that is molecules of product produced per photon absorbed).  

 
COLL 59  

Synthesis and aqueous-phase chemical transformations of monodisperse metallic nanoparticles 
in the 1-4 nm size  

Ruel Freemantle and Sherine O. Obare, Department of Chemistry, Western Michigan University, 1903 
W. Michigan Avenue, 3425 Wood Hall, Kalamazoo, MI 49008, Fax: 269-387-2909, 
ruel.freemantle@wmich.edu  

A major challenge exists in the ability to produce well defined and monodisperse metallic nanoparticles in 
the 1-4 nm size range, where high surface-to-volume ratio and increase in surface atom distribution, 
greatly enhance the catalytic activity. Such catalysts are essential for organic transformations, thus there 
is need for straightforward and reliable methods that produce large quantities of uniform, stable and 
monodisperse metal nanoparticles in the desired size range. We have developed a new class of ligands 



with the dual purpose of stabilizers and reductants. These ligands demonstrate a particular mastery at 
consistently controlling particle size and monodispersity. We demonstrate nanoparticles synthesis, 
characterization, and the use of these nanoparticles in aqueous hydrogenation reactions.  

 
COLL 60  

Fundamental characterization of nanoparticles and their interactions by capillary electrophoresis  

Subra Muralidharan, Ke Du, and Piyadarsha Amaratunga, Department of Chemistry, Western Michigan 
University, 3120 Wood Hall, Kalamazoo, MI 49008, Fax: 269-387-2909, subra.murali@wmich.edu  

Derivatized nanoparticles are employed for a variety of applications such as the fabrication of 
nanosensors, contrast agents in imaging, optical materials etc. Often such nanoparticles exist as uniform 
dispersions in the aqueous phase under a variety of pH values and ionic strengths. It is thus important to 
understand their nature and behavior under these conditions. Capillary electrophoresis (CE) is eminently 
suited for such characterizations. We have employed CE to characterize Au nanoparticles derivatized 
with a variety of thiol ligands, Au-glutathione clusters, Au/SiO2 and SiO2/Au core/shell nanoparticles. We 
have determined the net charge and the associated zeta potentials from electrophoretic migration values. 
The zeta potentials especially are informative of the nature of the electrical double layer associated with 
the nanoparticle and hence its surface properties. We have also investigated the interaction of derivatized 
Au nanoparticles with vesicles of synthetic and natural lipids to gain an understanding of their ability to 
migrate across the bilayer region. Such studies are important to understand the ability of nanoparticles to 
penetrate cell membranes. Significant results of these studies will be presented.  

 
COLL 61  

Role of sulfide in aqueous solution-based synthesis of ZnS and CdS quantum dots  

Nayane Udawatte and Subra Muralidharan, Department of Chemistry, Western Michigan University, 
Wood Hall, Kalamazoo, MI 49008, Fax: 269-387-2909, nayaneprasange@yahoo.co.uk  

Synthesis of quantum dots under mild conditions in solution methods is preferable over conventional 
high-temperature organic solvent based methods due to factors such as their relative simplicity, use of 
greener chemicals, suitability towards doped systems, and lower cost. Among the semiconductor 
quantum dot research, a large portion is devoted for studying sulfide nanoparticles such as ZnS and CdS. 
We have found that the metal:sulfide ratio plays a critical role in determining the quality of quantum dots 
obtained by soft solution based methods. One of the major precursors in making such sulfides has been 
sodium sulfide (Na2S), which is usually available in the hydrated form as Na2S.9H2O. Our research has 
shown that due to the strong affinity of Na2S towards water, that its hydration changes rapidly once the 
salt is in contact with the atmosphere. This renders adding the stoichiometric proper amount of Na2S 
difficult affecting the properties of quantum dots synthesized. The quantum dots synthesized with 
anhydrous Na2S by arrested precipitation have been characterized by UV-visible absorption and emission 
spectroscopy, XRD, and emission lifetimes. A correlation is found between the metal:sulfide ratio and the 
spectroscopic properties. Salient results of these studies will be presented.  

 
COLL 62  

Green methods for synthesis of ZnS:Mn/CdS core/shell quantum dots and their characterization  



Kathryn Babcock, Elizabeth J Sodt, and Subra Muralidharan, Department of Chemistry, Western 
Michigan University, 3120 Wood Hall, Mail Stop 5413, Kalamazoo, MI 49008, Fax: 269-387-2909, 
kathryn.l.babcock@wmich.edu  

The synthesis of nanoscale materials by green methods is one of the areas of focus in our research 
group. We have investigated the generation of ZnS:Mn/CdS core/shell quantum dots at room temperature 
in aqueous micelle solutions of sodium dodecyl sulfate (SDS). These have been synthesized with 0.01 – 
2% Mn in the core and shells in the stoichiometric range of 1/16 – 1 with respect to the core. Uv-vis, 
fluorescence, and EPR spectroscopy, TEM, SEM, XRD, dynamic laser light scattering, optical 
microscopy, fluorescence lifetime measurements and elemental analysis have been employed to 
characterize these core/shell nanoparticles. These characterization methods indicate that shell is not 
uniformly formed on the core ZnS:Mn nanoparticles but in patches. The emission centered at 560 nm is 
sensitive to the extent of patchy shell formation with the emission intensity being inversely proportional to 
stoichiometry of the shell. EPR spectroscopy of Mn(II) is not sensitive to the extent of patchiness but is 
sensitive to its concentration. The Mn(II) ions reside in a distorted tetrahedral environment at low 
concentrations and in more distorted environments and on the surface of the quantum dot at higher 
concentrations. The significant results of these studies will be presented.  

 
COLL 63  

Novel catalytic materials: From nanoporous foams to nanoparticles  

Marcus Baeumer, Institute of Applied and Physical Chemistry, Fachbereich 2, University Bremen, 
Leobener Str. NW2, Bremen 28357, Germany, Fax: +49-421-2184918, mbaeumer@uni-bremen.de  

The majority of processes in chemical industry forming the basis for a broad spectrum of producs 
reaching from basic chemicals to high-tech materials relies on efficient and selective catalysts. 
Accordingly, the preparation of new and innovative catalytic systems is an important task. In this talk two 
systems recently investigated in our lab will be presented. The first part of the talk will deal with 
nanoporous gold foams possibly leading to a new class of unsupported gold catalysts (collaboration with 
the Lawrence Livermore Nat. Lab). The second part will describe work on catalytic layers obtained by 
depositing colloidal nanoparticles on a support and treating them with a mild plasma in order to 
chemically modify the layers. In both cases, studies under ambient conditions as well as complementing 
studies of structurally equivalent model systems under UHV conditions were performed. This twofold 
approach was aiming at obtaining a microscopic understanding of the systems as well as exploring 
potential applications.  

 
COLL 64  

Distance dependence of the core-level binding energy shifts in pure and mixed metal 
nanoparticles  

Paul S. Bagus and Scott Yockel, Department of Chemistry, University of North Texas, Box 305070, 
Denton, TX 76203-5070, Fax: 940-565-4318, bagus@unt.edu  

X-Ray photoemission binding energies, BE's, of the core-levels of atoms in metal nano-particles shift as 
the size of the particles are changed and as the atomic composition of the particles change. There is 
evidence that changes in the distances between atoms in the particle make a major contribution to the BE 
shifts. Here, the theoretical investigation of the BE dependence on inter-atomic distances is extended to 
particles of several metals and to particles with substitutional impurities. It is shown that the magnitude of 
the BE shifts due to changes in the inter-atomic distances depends on the atom being ionized and, in 
particular, that BE shifts for Ru are small. Further, it is established that these BE shifts are dominantly 



initial state shifts and, hence, reflect the chemistry of the particle. The role of nd hybridization and bonding 
for the chemical origins of the BE shifts is investigated.  

 
COLL 65  

Oxide nanostructures on metal surfaces  

Falko P. Netzer, Institute of Physics, Surface and Interface Physics, Karl-Franzens University Graz, 
Universitaetsplatz 5, A-8010 Graz, Austria, falko.netzer@uni-graz.at  

Transition metal oxides in ultrathin nanostructured layers on well-defined metal surfaces may form novel 
oxide phases that do not occur in nature. These “artificial oxide phases” display new physical and 
chemical properties, which make them potentially interesting materials as active layers in nanotechnology 
applications and as template systems for further nanostructure growth. The fields of applications 
comprise novel magneto and opto-electronic devices, multifunctional coatings, sensor systems and the 
area of advanced nanocatalysis. The oxide nanolayers derive their stability, on the one hand, from the 
interactions at the interface between the oxide layer and the metal substrate and, on the other hand, from 
confinement effects in the vertical and /or lateral dimension. Their formation is often promoted and due to 
kinetic constraints during the growth process. Here we discuss the growth of a variety of novel low-
dimensional vanadium, nickel, and manganese oxide structures on Rh and Pd single crystal surfaces, 
which has been characterised by the interplay of various experimental and theoretical methods: 
STM/AFM, XPS with use of synchrotron radiation, HREELS, and ab initio DFT calculations. The influence 
of energetic and strain effects at the metal-oxide interface is important and determines the particular 
structures, which are observed for the oxide overlayers on different substrates. The oxide structures to be 
discussed include vanadium oxide surface phases on Rh(111) and Pd(111) substrate surfaces, interfacial 
nickel oxide structures on Pd(100), which act as an interlayer to promote epitaxial cubic NiO(100) growth, 
and manganese oxide nanostructures on Pd(100). It is shown that, in addition to the thickness 
confinement in the nanolayers , the lateral confinement as imposed by the regular step array on vicinal 
surfaces can also induce oxide phases with novel properties.  

Supported by the Austrian Science Funds, the EU STREP Programme GSOMEN, and the Austrian 
Nanointitiative.  

 
COLL 66  

High pressure studies of real and model Pd-alumina catalysts under oxidative conditions  

Günther Rupprechter, Institute of Materials Chemistry, Vienna University of Technology, Veterinärplatz 
1, Vienna 1210, Austria, Fax: +43-1-25077-3890, grupp@imc.tuwien.ac.at  

Model Catalysis has come a long way. The development of planar nanoparticle model catalysts, 
consisting of well-defined UHV-grown metal particles supported on thin oxide films, now provides a route 
to mimic an increasing number of technical catalysts. The planarity and electrical/thermal conductivity of 
the model systems allows applying a wide range of surface sensitive imaging (STM) and spectroscopic 
(XPS, IRAS, SFG, TPD, etc) techniques. In parallel, significant advances have been made in carrying out 
surface characterization under ambient pressure and photon-based methods such as SFG vibrational 
spectroscopy or polarization-modulated IRAS, together with high-pressure XPS allow for in-situ studies of 
catalytic reactions on model systems. In this contribution, case studies will be discussed that illustrate the 
benefit of model systems and how results on model catalysts can be extrapolated to technical systems. 
The potential activity of Pd-oxide phases for CO oxidation is also examined.  



 
COLL 67  

Fundamental studies of CH3OH oxidation over well-defined supported V2O5 catalysts  

Israel E. Wachs, Department of Chemical Engineering, Operando Molecular Spectroscopy & Catalysis 
Laboratory, Lehigh University, 7 Asa Drive, Sinclair 117, Bethlehem, PA 18015, iew0@lehigh.edu, and 
Tae Jin Kim, Operando Molecular Spectroscopy and Catalysis Laboratory, Department of Chemical 
Engineering, Lehigh University  

Methanol oxidation over supported V2O5 catalysts has received much interest in recent years because 
this catalytic reaction system represents a nice model for selective oxidation catalysis. In order to 
establish the molecular/electronic structure-activity/selectivity relationships, both CH3OH-TPSR and 
steady-state studies with well-defined supported V2O5 catalysts were undertaken. The methanol oxidation 
TOF was found to be identical for isolated and polymerized surface VO4 units on the same support in the 
sub-monolayer region. Relatively inactive crystalline V2O5 nanoparticles are also present above 
monolayer coverage and primarily decrease the number of exposed surface VO4 catalytic active sites. 
The most dramatic effect on activity was observed when the specific oxide support was varied (~103). 
The significant effect of the specific oxide support ligand and the absence of any effect of surface vanadia 
coverage (surface VO4 polymer/monomer ratio), implicates the bridging V-O-Support bond as the catalytic 
active site for this and other redox reactions.  

 
COLL 68  

Operando kinetics for designing improved catalysts  

Avelino Corma, INSTITUTO DE TECNOLOGIA QUIMICA, INSTITUTO DE TECNOLOGIA QUIMICA, 
Avda. de los Naranjos s/n, valencia 46022, Spain, Fax: +34963877809, acorma@itq.upv.es  

Identifying surface active sites and the molecular mechanism for heterogeneous catalytic process should 
strongly help to design better, or even new catalysts for a given catalytic process. For achieving that is 
always desirable to characterize the catalyst while performing reaction. By working in this way it can be 
possible to detect potential active sites and reaction intermediates at the catalyst surface. Will present 
that by combining operando IR, NMR and EXAFS spectroscopies we have been able to unreveal reaction 
mechanism and active sites involved in redox reaction on gold catalysts, as well as carbon-carbon 
formation reactions with zeolites. Will show the relevance of the findings for designing improved catalysts 
of industrial interest.  

 
COLL 69  

Evidence for condensed lipid/cholesterol complexes in lipid membranes  

Maria Ratajczak1, Shelli L Frey2, Eva Y. Chi3, Canay Ege3, Jaroslaw Majewski4, Kristian Kjaer5, Theodore 
Steck6, Yvonne Lange7, and Ka Yee C. Lee2. (1) Department of Physics, The Institute for Biophysical 
Dynamics and The James Franck Institute, The University of Chicago, Chicago, IL 60637, 
mariar@midway.uchicago.edu, (2) Department of Chemistry, The Institute for Biophysical Dynamics and 
The James Franck Institute, The University of Chicago, 929 E. 57th St., CIS-ESB31, Chicago, IL 60637, 
Fax: 773-702-0805, kayeelee@uchicago.edu, (3) Department of Chemistry, The Insitute for Biophysical 
Dynamics and The James Franck Institute, The University of Chicago, (4) LANSCE-12, Los Alamos 
National Laboratory, (5) Niels Bohr Institute, University of Copenhagen, (6) Department of Biochemistry 
and Molecular Biology, University of Chicago, (7) Department of Pathology, Rush University Medical 
Center  



Certain binary mixtures of phospholipids and cholesterol exhibit phase diagrams with two immiscibility 
regions with a sharp cusp in between. The cusp has been suggested to represent the stoichiometry of 
phospholipid/cholesterol complexes, and cholesterol is thought to exist in two states: a bound, low activity 
state, and an unbound, high activity state. To better understand the interaction between phospholipids 
and cholesterol, we have studied the effect of a possible displacing agent, hexadecanol, on the behavior 
of the binary mixture. Our cholesterol desorption assays indicate that hexadenanol can displace 
cholesterol from its association with phospholipids, thereby activating it. 
Phospholipid/cholesterol/hexadecanol systems in which a fraction of cholesterol is replaced by the 
alcohol have phase diagrams that mimic those of binary systems with the same apparent molar 
stoichiometry. X-ray data show a broad Bragg peak in these binary systems, indicating that order in these 
complexes extend over only several molecular dimensions.  

 
COLL 70  

Development of robust hydrogel encapsulated membranes for channel protein science and 
sensing  

Tae-Joon Jeon, Noah Malmstadt, and Jacob Schmidt, Department of Bioengineering, UCLA, 7523 
Boelter Hall, Los Angeles, CA 90095, schmidt@seas.ucla.edu  

Membrane channel proteins are major targets of drug discovery and screening and recent work has also 
shown their potential as single molecule sensors. Conventional membranes housing these proteins are 
extremely fragile and short-lived, limiting channel protein-based sensing technology. We have recently 
developed a new technique in which lipid bilayer membranes are encapsulated in situ within a hydrogel 
matrix. (“Hydrogel-Encapsulated Lipid Membranes,” Tae-Joon Jeon, Noah Malmstadt, and Jacob J. 
Schmidt, Journal of the American Chemical Society 128, 42-43 (2006)) The hydrogel encapsulated 
membranes are created by forming a freestanding lipid bilayer membrane in the presence of a hydrogel 
precursor solution. This solution is then polymerized by UV exposure. We show that these encapsulated 
membranes are more robust and long-lived than their unencapsulated counterparts as a result of the 
intimate hydrogel/membrane contact. We have also synthesized a lipid which is able to participate in the 
polymerization reaction. Membranes created from these cross-linkable lipids can bond directly to the 
hydrogel matrix, further strengthening the membrane and resulting in further extended lifetimes. We show 
that these membranes retain the ability to support the incorporation and measurement of single channels. 
We also show the enhanced membrane stability when the gel is covalently attached to the solid support 
substrate surrounding the membrane. With supporting evidence supplied by optical microscopy, we will 
discuss the cause of this enhanced stability and show preliminary studies aimed at cryopreservation of 
the membranes. Our efforts are aimed at creating a long-lived, stable measurement platform for scientific 
or technological studies using ion channel proteins. We will also present our latest efforts at incorporating 
the hydrogel encapsulated membranes into a device format.  

 
COLL 71  

Directed self-assembly of lipid bilayer membranes within a microfluidic device  

Noah Malmstadt, Jason Poulos, and Jacob Schmidt, Department of Bioengineering, UCLA, 7523 Boelter 
Hall, Los Angeles, CA 90095, noahmalm@ucla.edu, schmidt@seas.ucla.edu  

Membrane channel proteins are major targets of drug discovery and screening and recent work has also 
shown their potential as single molecule sensors. Conventional membranes housing these proteins can 
be problematic to form and are extremely fragile, forming a major roadblock to channel protein-based 
sensing technology. Furthermore the membrane formation process involves the manipulation of two or 
three phases, which problematizes its adaptation to a microfluidic format. We have overcome these 



difficulties and recently created a novel microfluidic device capable of automated microfluidic membrane 
formation (“Automated Formation of Lipid-Bilayer Membranes in a Microfluidic Device” Noah Malmstadt, 
Michael A. Nash, Robert F. Purnell, and Jacob J. Schmidt, Nano Lett. 6(9), 1961-1965 (2006)). The 
automated microfluidic formation device enables the creation and manipulation of lipid membranes 
through a novel membrane formation process. The microfluidic channels are molded in PDMS, and the 
solvent absorptive properties of this elastomer are used to mediate solvent extraction from a droplet of 
lipid-containing organic solvent. The extraction of solvent from the lipid droplet slowly concentrates the 
lipid, allowing a continuous lipid layer to form at the droplet interface which meets the other side of the 
droplet to form a bilayer membrane when most of the solvent is extracted. These membranes are high 
quality, forming greater than gigaohm seals and can support the incorporation and measurement of single 
channel proteins. This new method of membrane formation lends itself very readily to further 
miniaturization and in an array format. We show the formation and measurement of these membranes 
and the proteins contained therein, and the development of an array-based device for automated high-
throughput measurements of channel proteins. This technology has potential applications for drug 
discovery and screening as well as small molecule sensing.  

 
COLL 72  

Beta-sheet templating of amyloid-beta protein by anionic phosphatidylglycerol membranes  

Amy M. Winans1, Eva Y. Chi2, Canay Ege2, Jaroslaw Majewski3, Kristian Kjaer4, and Ka Yee C. Lee5. (1) 
Department of Chemistry, The Institute for Biophysical Dynamics and The James Franck Insitute, The 
University of Chicago, CIS-ESB31, 929 E. 57th Street, Chicago, IL 60637, amyw@uchicago.edu, (2) 
Department of Chemistry, The Insitute for Biophysical Dynamics and The James Franck Institute, The 
University of Chicago, (3) LANSCE-12, Los Alamos National Laboratory, (4) Niels Bohr Institute, 
University of Copenhagen, (5) Department of Chemistry, The Institute for Biophysical Dynamics and The 
James Franck Institute, The University of Chicago  

Neuronal death leading to the dementia characteristic of Alzheimer's disease has been attributed to the 
misfolding and aggregation of the amyloid-beta protein, where normally-soluble amyloid-beta is found 
deposited in insoluble amyloid plaques rich in beta-sheet structure. A large body of research has 
implicated the cell membrane in this transition. We examined the interaction between charged and 
zwitterionic lipid monolayers and amyloid-beta on both pure water and buffered subphases using grazing 
incident x-ray diffraction and x-ray reflectivity. X-ray data revealed an ordering of amyloid-beta in water 
under a phosphatidylglycerol monolayer, with d-spacings that matched beta-sheet spacings found in 
amyloid fibrils. Amyloid-beta was then incubated with bilayer vesicles to examine the effect of the 
templated-beta-sheet structure on fibril formation. Size-exclusion chromatography and Thioflavin-T 
fluorescence were used to monitor amyloid-beta fibril formation. Our results show that 
phosphatidylglycerol promoted fibril formation in water, supporting the templating phenomenon seen in 
the monolayer experiments.  

 
COLL 73  

Dried foam films: Free-standing, water-free, reversed bilayers  

Jian Jin and Izumi Ichinose Sr., Organic Nanomaterials Center, National Institute for Materials Science, 
1-1 Namiki, Tsukuba 305-0044, Japan, Fax: +81-29-852-7449, JIN.Jian@nims.go.jp  

Foam films and lipid membranes are typical two-dimensional assemblies of amphiphiles with an inverse 
molecular arrangement. In contrast with the lipid membranes spontaneously formed in water, foam films 
are formed in the air. Foam films have long been perceived to vanish when water is evaporated. 
However, we found that some kinds of foam films maintain their structure even after completely drying. 



These free-standing, water-free, reversed bilayer films were obtainable from aqueous or organic solutions 
in ambient air. The films were found stable even at temperature higher than 100 degrees Celsius. The 
films are coined as “Dried Foam Films”. Besides thermal stability, dried foam films are also mechanically 
stable. They can be used as template to deposit various inorganic thin films or hybrid multi-layer films 
from several nanometer to several tens nanometer in thick, thus to produce self-supporting inorganic 
ultrathin films.  

 
COLL 74  

Antimicrobial peptoid interactions with model membrane mimics at an air-liquid interface  

Michelle T. Dohm1, Andrey Ivankin2, Nathaniel P. Chongsiriwatana3, Chao Liu2, Annelise E. Barron3, and 
David Gidalevitz2. (1) Department of Chemistry, Northwestern Univeristy, 2145 Sheridan Road, 
Evanston, IL 60208, Fax: 847-491-3728, m-dohm@northwestern.edu, (2) Department of Chemical 
Engineering, Illinois Institute of Technology, 10 W. 33rd street, Chicago, IL 60616, Fax: 312-567-8874, 
gidalevitz@iit.edu, (3) Department of Chemical and Biological Engineering, Northwestern University  

Poly-N-substituted glycines (“peptoids”) have demonstrated potential to act as good non-natural mimics of 
antimicrobial peptides, which are of interest for the treatment of multi-drug-resistant bacterial infections. 
Peptoid 1 is both a potent and cell-selective mimic inspired by the helical, cationic, and globally 
amphipathic structure of magainin-2-amide. Interactions of 1 with model lipid monolayers were studied 
using X-ray reflectivity and grazing incidence X-ray diffraction on a liquid surface. 1 was injected into the 
subphase beneath a pure lipid monolayer representing a simplified outer leaflet of either bacterial or 
mammalian cell membranes. The lipid phase morphology before and after the addition of 1 was 
visualized by epifluorescence microscopic imaging. Insertion of 1 into anionic rather than zwitterionic lipid 
monolayers strongly supports the activity trends observed in antimicrobial and hemolytic assays. The 
extent and possible orientation of 1 insertion suggest that antimicrobial peptoids may operate by 
mechanisms analogous to their natural peptide counterparts.  

 
COLL 75  

Membrane self-assembly at structured surfaces  

Michael C Howland1, Babak Sanii2, Alan W Szmodis3, Andreia Michelle Smith3, and Atul N. Parikh2. (1) 
Chemical Engineering and Materials Science, University of California, Davis, 3001 Engineering III, Davis, 
CA 95616, (2) Applied Science, University of California, Davis, 3001 Engineering III, Davis, CA 95616, 
anparikh@ucdavis.edu, (3) Biophysics, University of California, Davis  

Structured surfaces, displaying pre-patterned variations of interfacial energies template vesicle fusion and 
lipid spreading mechanisms at the solid-aqueous interface giving rise to unusual fluid-fluid morphologies 
and phase-separation behaviours that reflect the underlying pattern. Using periodic 
hydrophilic/hydrophobic substrates, we demonstrate spontaneous coralling of single fluid lipid bilayers 
from the surrounding fluid, monolayers by a lipid-free transition region. Such juxtaposition of lipid 
morphologies in single samples from a single vesicular source provide a useful platform for (1) depositing 
protein patterns; (2) determining leaflet-dependent partitioning preferences of specific molecules in 
asymmetric bilayers; (3) creating high-density arrays of bilayer-specific membrane functions; and(4) 
determining interleaflet cooperativity in regulating lateral phase separation processes.  

 
COLL 76  

Membrane bending mechanics and cellular signal transduction  



Jay T. Groves, Department of Chemistry, University of California Berkeley, Berkeley, CA 94720, Fax: 
510-642-8821, JTGroves@lbl.gov  

Signal transduction in living cells is carried out through cascades of chemical reactions, which generally 
begin on the cell membrane surface. In recent years, there has been growing realization that the spatial 
positions of cell surface receptor proteins influence and regulate the manner in which subsequent stages 
of chemical signaling cascades are triggered. In this talk, membrane bending mechanics will be 
discussed as a means of long-range coupling between cell surface receptor proteins. Such long-range 
interactions may affect the spatial organization of the receptors and, correspondingly, influence the 
ensuing signaling behavior.  

 
COLL 77  

Electrospray ionization mass spectrometry for analysis of gold monolayer protected clusters with 
atomic precision  

Joseph B. Tracy1, Matthew C. Crowe1, Christina A. Fields-Zinna1, Joseph F. Parker1, Gregory 
Kalyuzhny2, Laurent D. Menard3, Ramjee Balasubramanian1, Jai-Pil Choi1, Ralph G. Nuzzo4, and Royce 
W. Murray1. (1) Kenan Laboratories of Chemistry, University of North Carolina, Chapel Hill, NC 27599-
3290, jtracy@unc.edu, (2) Department of Chemistry and Biochemistry, San Diego State University, (3) 
School of Chemical Sciences and the Frederick Seitz Materials Research Laboratory, University of 
Illinois, (4) School of Chemical Sciences and the Frederick Seitz Materials Research Laboratory, 
University of Illinois at Urbana-Champaign  

Small Au monolayer protected clusters (MPCs) of 1-2 nm diameter have novel electrochemical and 
optical properties because of their high surface area to volume ratios and their incompletely formed 
electronic band structures. Time of flight electrospray ionization mass spectrometry (ESI-MS/TOF) is a 
powerful analytical tool, with which we have precisely measured the core and ligand shell composition of 
small Au MPCs. In order to obtain electrospray ionization of the MPCs, ligands that are known to ionize 
well have been incorporated into the monolayer via place exchange. These ligands effectively serve as 
tags for ESI-MS by providing ionization for the analysis of MPCs. Different mechanisms of charging will 
be discussed. Our ESI-MS/TOF results will be compared with results obtained using other analytical 
techniques, including TEM, electrochemistry, and absorbance and luminescence spectroscopy. This work 
is supported by the NSF and ONR.  

 
COLL 78  

Synthesis and stabilization of colloidal gold nanoparticle suspensions for SERS  

Sean M. V. Tuley1, Cody P. Morrisey2, and Paul H. Davis2. (1) 2750 Parkway Dr. W, Tacoma, WA 98446, 
(2) Department of Chemistry, Pacific Lutheran University, 1010 122nd St. S, Tacoma, WA 98447-0003, 
Fax: 253-536-5055, davis@chem.plu.edu  

Colloidal gold nanoparticles were synthesized by thiosulfate reduction of aqueous HAuCl4. Synthesis 
kinetics were followed by tracking the growth in intensity of the surface plasmon resonance (SPR) at ~535 
nm using UV-vis-NIR absorption spectroscopy. Nanoparticle flocculation was controlled by addition of a 
stabilizing agent (e.g., Na2SO4, NaCl, or an amino acid) 5 minutes into the reaction. Time-dependent 
spectra of the nanoparticle suspensions showed an extended plasmon band (EPB) in the NIR that initially 
increased in intensity and blue-shifted with time before eventually disappearing due to changes in 
nanoparticle flocculation. Size (15-20 nm diameter) and shape (predominantly spherical) of the resultant 
nanoparticles were characterized by dynamic light scattering and TEM. Surface chemistry was confirmed 
using XPS. The stabilizing agent was found to play a key role in the subsequent SERS activity of the 



nanoparticles by adsorbing to their surface, preventing premature nanoparticle aggregation and mediating 
the analyte-nanoparticle interaction.  

 
COLL 79  

Controlled chemical functionalization of gold nanoparticles  

Qun Huo1, Qiu Dai1, Jianhua Zou1, and Xiong Liu2. (1) Nanoscience Technology Center and Department 
of Chemistry, University of Central Florida, 12424 Research Parkway, Suite 422, Orlando, FL 32826, Fax: 
407-882-2819, qhuo@mail.ucf.edu, (2) Nanoscience Technology Center and Chemistry, University of 
Central Florida  

Recently our group developed a solid phase synthesis method to prepare monofunctional nanoparticles, 
gold nanoparticles that contain a single chemical functional group on the surface Using these molecular 
nanobuilding blocks, we can synthesize sophisticated nanoparticle/polymer hybrid materials such as 
“nanonecklaces”, “nanochains” and nanoparticle clusters from very simple and traditional chemical 
reactions, just like the total chemical synthesis of sophisticated natural organic compounds from smaller 
molecular units. These materials provide excellent opportunities for one to probe and study the inter-
nanoparticle interactions in a quantitative fashion from different dimensions.  

 
COLL 80  

Gold nanoparticles functionalized with the tunable length thiol surfactants  

Quan Li, Jouliana M. El Khoury, and Xiaoli Zhou, Liquid Crystal Institute, Kent State University, Kent, OH 
44242, quan@lci.kent.edu  

Metal nanoparticles have attracted tremendous attention due to their unusual behaviours compared to 
corresponding bulk materials, and hold a great promise in the area of ferrofluids, catalysis, 
optoelectronics and biomedical applications. A challenge is controlling the size and monodispersity of 
metal nanoparticles, and organizing them into nanostructured devices and composite materials. 
Dispersing metal particles in organic solvents is appealing since the low interfacial energies should allow 
for a high degree of control during solution and surface processing. Thiol surfactants have been used to 
stabilize dispersions of metal nanoparticles in organic solvents, however studies on the spontaneous 
assemblies of organic thiol surfactants on the surface of gold nanopartilce to date have mainly relied on 
the availability of a relatively few commercially available unbranched alkanethiols. In this talk, we will 
present gold nanoparticles functionalized with the tunable length thiol surfactants. The hybrid gold 
nanoparticles are very stable in both organic solvent and solid state.  

 
COLL 81  

Kinetic trends in triazole formation at the surface of Au nanoparticles  

Christopher Jay Thode and Mary Elizabeth Williams, Department of Chemistry, The Pennsylvania State 
University, 104 Chemistry Building, University Park, PA 16802, Fax: 814-865-3292, cjthode@gmail.com  

Triazole formation via 1,3-dipolar cycloaddition, or "click" chemistry, has been shown to be an effective 
orthogonal scheme for incorporating functionality onto the surface of Au nanoparticles. In order to provide 
further insight into the factors that govern azide/alkyne reactivity at the particle surface, general kinetic 
trends and k2 for an uncatalyzed reaction have been investigated by FTIR spectroscopy. The study 



assesses the effect of ligand length, particle core size, electronics of the attaching species and solvent on 
reaction rate under pseudo first order conditions. Preliminary results have shown that electronic and 
solvent effects follow the trends seen for dipolar addition. However, k2 has been estimated to be on the 
order of 10-5, which is several orders of magnitude slower than in solution. Suggesting that while there is 
no change in mechanism, the particle bulk plays a large role in the frequency of reaction.  

 
COLL 82  

Synthesis and behavior of oligonucleotide-functionalized anisotropic gold nanostructures  

Jill E. Millstone1, Emma Kathryn Payne1, Dwight S. Seferos1, Xiaoyang Xu1, and Chad A. Mirkin2. (1) 
Department of Chemistry and International Institute for Nanotechnology, Northwestern University, 2145 
Sheridan Road, Evanston, IL 60208, j-millstone@northwestern.edu, (2) Department of Chemistry and the 
International Institute for Nanotechnology, Northwestern University  

It is well known that the size, shape, and composition of nanostructures dictate their physical and 
chemical properties. The relationship between physical dimensions and material properties emphasizes 
the significance of fully characterizing these nanostructures, and highlights the role of this 
characterization in both fundamental science questions and future technological applications based on 
nanomaterials. We have reported the synthesis and optical characterization of single crystalline gold 
nanoprisms which have allowed us to identify higher order surface plasmon resonance modes associated 
with these structures. The identification of higher order surface plasmon modes provides not only a 
greater understanding of their physical properties, but also provides a spectroscopic fingerprint that can 
be used to characterize and assess the quality of such structures. In addition to their optical properties, 
gold nanoprisms exhibit anisotropy in their surface chemistry which has allowed us to both control 
dimensions of their architecture as well as derivitize their surface with thiolated oligonucleotides. Both 
processes indicate face-selectivity, which may facilitate the use of gold nanoprisms in detection schemes 
as well as higher order assemblies.  

 
COLL 83  

Light-induced self-assembly of gold nanoparticles  

Rafal Klajn1, Kyle Bishop2, Marcin Fialkowski2, and Bartosz A. Grzybowski2. (1) Department of Chemical 
Engineering, Northwestern University, 2145 Sheridan Rd., Evanston, IL 60208, rafal@northwestern.edu, 
(2) Department of Chemical Enginnering, Northwestern University  

Gold nanoparticles decorated with ligands combining reversible molecular dipoles and covalent 
crosslinkers self-assemble into organized, three-dimensional superstructures of various types and sizes. 
Nanoparticles covered with only few photoactive ligands form metastable crystals that can be assembled 
and disassembled “on demand” using light of different wavelengths. For higher surface concentrations, 
self-assembly is irreversible and the nanoparticles organize into permanently crosslinked structures 
including robust supercrystals and plastic spherical aggregates (supraspheres). The latter can be used as 
building blocks for macroscopic wires that combine plastic properties with Ohmic conductance over the 
entire voltage range.  



 

 
COLL 84  

Rayleigh instability in gold nanorods  

Carolina Novo, School of Chemistry, University of Melbourne, Victoria 3010, Australia, 
c.novo@pgrad.unimelb.edu.au  

In this work we report evidence that gold nanorods will undergo shape changes in response to charging. 
Addition of electrons leads to a blue shift in the absorption spectrum. At longer times, a red shift is 
observed, due to changes in particle morphology (Fig. 1). In the case of extreme electron densities, the 
rods fragment spontaneously, forming clouds of much smaller nanospheres (Fig. 1b). Our finding that 
borohydride and ascorbate are capable of causing shape changes in nanorods demonstrates that crystal 
structure and morphology may be controlled by chemical reactions occurring locally as well as by external 
perturbations. We interpret these observations as being due to Rayleigh instabilities. Rayleigh considered 
the importance of surface fluctuations on the stability of small spherical liquid droplets. He showed that as 
it fluctuates to form ellipsoids due to an external perturbation, there is a critical amplitude beyond which 
fission becomes possible. This effect hasn't yet been studied in small solid particles.  

 

 
COLL 85  

Synthesis of stable, water soluble gold nanoclusters  

Layal L. Rouhana, Jad A. Jaber, and Joseph B. Schlenoff, Department of Chemistry and Biochemistry, 
Center for Materials Research and Technology (MARTECH), The Florida State University, Tallahassee, 
FL 32306, rouhana@chem.fsu.edu  

Aggregation-resistant, water soluble gold nanoparticles, having an average diameter of 4 nm, were 
prepared using ligand place-exchange reactions. The nanoparticles capped with a mixed shell of citrate 
and newly synthesized disulfide-zwitterionic ligands show a remarkable stability in saline media with salt 
concentrations as high as 3.0 M. Likewise, the gold nanoparticles did not precipitate out of solution when 



positively charged polyelectrolytes, or biopolymers were added, indicating the absence of non-specific 
interactions. The produced colloids were characterized using various experimental techniques such as 
UV-Vis absorbance spectroscopy, quasi-elastic light scattering and surface enhanced Raman 
spectroscopy. Methods to synthesize the zwitterion capping ligands are also provided.  

 
COLL 86  

Mechanism of place exchange reactions  

Adil S Kassam, Elisa Fuller, Glen Bremner, and R. Bruce Lennox, Department of Chemistry, McGill 
University, PP109 801 Sherbrooke St. W, Montreal, QC H3A 2K6, Canada, Fax: 514-398-2382, 
adil.kassam@mail.mcgill.ca  

Place exchange reactions (PERs) on gold nanoparticles(AuNPs) allow one to vary the composition of the 
protecting thiol ligands. These reactions involve the substitution of a surface bound thiol with a solution 
thiol. Although PERs have been reported for over 10 years their mechanism remains poorly understood, 
although the kinetics and equilibrium nature of the reaction has recently been described.[1] In the present 
study we present results of how the incoming/outgoing ligand length and AuNP size affect rate of ligand 
exchange. How disulphides exchange onto these same AuNPs provides further insight into the 
mechanism of the exchange reaction. In sum, these studies lead to a further understanding of the PER 
reaction and allow one to better create AuNPs with a desired composition.  

[1] Place Exchange Reactions of Alkyl Thiols on Gold Nanoparticles Kassam, A., Bremner, G., Clark, B., 
Ulibarri, G., and Lennox, R.B. J. Am. Chem. Soc., 128, 11, 3476 - 3477, 2006  

 
COLL 87  

Strategies for making multicomponent, nonspherosymmetric micro-and nanostructures  

Bartosz A. Grzybowski, Department of Chemical and Biological Engineering, Northwestern University, 
2145 Sheridan Rd, Evanston, IL 60208, Fax: 847-491-3728, grzybor@northwestern.edu  

This talk will describe experimental strategies for making multicomponent, non-spherosymmetric micro-
and nanostructures. In the micro regime, combination of capillarity and buoyancy can be used to drive 
folding of small polymeric “patches” printed onto a gel surface into spherical or ellipsoidal particles of 
complex internal structures (including “flag” motives). At the nanoscale, the talk will emphasize the use of 
instabilities that cause spatially-directed decomposition of metastable, orderless precursor assemblies. 
The composite particles obtained in this way exhibit a range of unusual optical, mechanical and catalytic 
properties.  

 
COLL 88  

Candle and sand: Simple method to produce Janus colloidal particles with different geometry in 
large quantity  

Shan Jiang, Department of Materials Science and Engineering, University of Illinois at Urbana-
Champaign, 1304 W. Green St., Urbana, IL 61820, Fax: 217-244-8544, sjiang2@uiuc.edu, Liang Hong, 
Department of Material Science and Engineering, University of Illinois at Urbana-Champaign, and Steve 
Granick, Departments of Materials Science, of Chemistry, and of Physics, University of Illinois  



A simple, generalizable, inexpensive method is demonstrated to synthesize Janus colloidal particles in 
large quantity. Untreated particles first adsorb at the liquid-liquid interface of emulsified molten wax and 
water, and then are frozen in place when the wax solidifies. The exposed surfaces of the immobilized 
particles are modified chemically. Finally, wax is dissolved, and the inner surfaces are modified 
chemically. Gram-sized quantities or more of Janus particles can be synthesized by taking this approach. 
By tuning the three phase contact angle during the synthetic process, we show that the geometries of 
Janus particles can be intentionally and controllably varied.  

 

 
COLL 89  

Synthesis of patchy colloids: New particles with reversible, directional interactions  

Dana Rachael Breed, Department of Chemical Engineering, University of California, Santa Barbara, CA 
93106-5080, danar@nyu.edu, Vinothan N. Manoharan, Division of Engineering and Applied Sciences, 
Harvard University, and David J. Pine, Department of Physics, New York University  

We present a process for making a new class of colloidal particles with chemically distinct patches of 
controllable size, number, and location. The particles are composed entirely of crosslinked polystyrene, 
with patches that are charge-stabilized and anti-patches that are sterically stabilized by short polyethylene 
glycol chains. We can functionalize the charge groups on the patches with various molecules, including 
single-stranded DNA. By combining different particles with complementary strands of ssDNA on the 
patches, we observe directional bonding when the DNA strands hybridize. We observe chaining between 
patchy dimers and branched chaining when we add patchy trimers. By raising the temperature, we can 
melt the chains and then watch them reform as the system cools, demonstrating the ability to anneal 
more ordered structures and remove defects. We show preliminary results for reversibly interacting 
patchy tetramers, a building block for making a colloidal diamond lattice.  

 
COLL 90  

Microfluidic synthesis and assembly of complex microparticles  

Dhananjay Dendukuri1, T. Alan Hatton2, and Patrick S. Doyle2. (1) Department of Chemical Engineering, 
MIT, 77 Massachusetts Ave., Cambridge, MA 02139, Fax: 617-258-5042, dhanu@mit.edu, (2) 
Department of Chemical Engineering, Massachusetts Institute of Technology  

Precisely shaped polymeric particles and structures are widely used for applications in photonic materials, 
biomaterials, and self-assembly. Current approaches for particle synthesis are either batch processes or 
flow-through microfluidic schemes that are based on two-phase systems, limiting the throughput, shape 
and functionality of the particles. We report a one-phase method that combines the advantages of 
microscope projection photolithography and microfluidics to continuously form morphologically complex or 



multifunctional particles down to the colloidal length scale. Acrylate based polymer chemistries can be 
used to synthesize virtually any two-dimensional extruded shape. We have demonstrated the synthesis of 
monodisperse polymeric disks, polygons, curved and asymmetric objects in the size range of 3-100 
microns as proof of principle. Polymerization was also carried out across laminar, co-flowing streams to 
generate particles containing different chemistries, whose relative proportions could be easily tuned. By 
using appropriate masks, we can synthesize large numbers of particles that have both complex shapes 
and multiple distinct chemistries. Such anisotropic particles may be used as building blocks for the 
synthesis of different kinds of self-assembled structures. As a proof of principle, we use this process to 
synthesize wedge-like particles bearing distinct hydrophilic and hydrophobic sections. These particles are 
found to orient themselves at oil-water interfaces to minimize the interaction of the hydrophobic surface 
with water and the hydrophilic surface with oil. In addition, capillary forces also enable such particles to 
form micelle-like structures in water. We will present a study on how changing particle geometry affects 
the type of self-assembled structures that are formed.  

 
COLL 91  

Ultra-large scale and green synthesis of monodisperse magnetite nanocrystals  

Cafer T. Yavuz1, Jessica A. Cox1, Carmen R. Suchecki2, Angelina A. Tran1, and Vicki L Colvin1. (1) 
Department of Chemistry, Rice University, 6100 Main St. MS-60, Houston, TX 77005, Fax: 713-348-2578, 
cafer@rice.edu, (2) Northwestern University  

Magnetite (Fe3O4) nanocrystals were synthesized in size distributions below 10% and in massive 
quantities. We present the first reactor that would produce highly monodisperse and uniform magnetite 
nanocrystals 1g/hour. The most environmental friendly (green) synthesis was reported for high quality 
nanocrystals. Cost of manufacturing of magnetite nanocrystals cut down to industrial standards.  

 
COLL 92  

Anisotropic microparticle synthesis by fluidic processing  

KE Sung1, D Mukhija1, SA Vanapalli1, H McHugh1, JM Millunchick1, Mark A. Burns2, and MJ Solomon1. 
(1) University of Michigan, Ann Arbor, MI 48109, mjsolo@umich.edu, (2) Department of Chemical 
Engineering and Department of Biomedical Engineering, University of Michigan, 2300 Hayward Street, 
3022 H. H. Dow Building, Ann Arbor, MI 48109-2136, Fax: 734-763-0459, maburns@umich.edu  

We present a method for synthesis of anisotropic particles by fluidic processing. Precursor particles are 
conveyed and fused in distinct sequences by means of single file flow in fluidic channels. To date, few 
techniques are available to synthesize non-spherical anisotropic particles, especially those with 
inhomogeneous interaction sequences. Synthesis by fluidic processing can address needs for anisotropic 
particles that may arise in applications such as bar coding, drug delivery and self-assembly. Because the 
fluidic processing method uses rigid microparticles, it can make use of precursors that possess a wide 
range of functionality. In the process, particles are transported by pressure control into the reaction zone 
of a microfabricated device where physical or chemical fusing occurs. The sequence of particles is 
maintained by matching the channel and particle dimensions. The particles are held in this zone by 
means of a constriction in the flow geometry. A microfabricated on-chip heater is used to pulse device 
temperatures to the softening temperature of polymer microparticles, thereby physically fusing them. This 
pressure controlled manufacturing is fully programmable, allowing complex sequences and configurations 
of synthesized particles to be obtained. Examples of bonded particle assemblies with sequence and 
shape anisotropy are presented.  



 
COLL 93  

Controlling interparticle forces to guide colloidal assembly  

Darrell Velegol, Chemical Engineering, Pennsylvania State University, University Park, PA 16802, Fax: 
814-865-7846, velegol@psu.edu  

Assembling colloidal and nanocolloidal particles requires a thorough understanding of how the 
interparticle forces guide the process. This talk focuses on the role of electrostatic, van der Waals, and 
depletion forces in promoting proper assembly. The roles of intermediate versus irreversible bond 
strengths are discussed in connection with assembly times and final structures.  

 
COLL 94  

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  

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 95  

Molecular dynamics simulation of Langmuir Monolayer at air/water interface and Langmuir-
Blodgett film on H-Si (111) surface of amphiphilic bistable [2]Rotaxane  

Seung Soon Jang and William A. Goddard, Materials and Process Simulation Center, California Institute 
of Technology, Beckman Institute (139-74), 1200 E. California Blvd, Pasadena, CA 91125, 
jsshys@wag.caltech.edu  



The rotaxane has been intensively studied because of its interesting properties which are attributed to the 
molecular recognition between electron donor and acceptor. Especially, the shuttling motion of electron 
accepting cyclobis-(paraquat-p-phenylene) (CBPQT4+) between the electron donating stations such as 
tetrathiafulvalene (TTF) and 1,5-dioxynaphthalene (DNP) moieties has brought many applications for 
molecular switch in nanoelectronics and for artificial muscle in nanomechanics. For the fabrication of any 
reliable devices based on such molecules, dynamic self-organized supramolecular structures such as 
Langmuir-Blodgett monolayer designed to be thermodynamically stable provide an attractive approach for 
integration—it can allow a partially damaged structure to self-heal spontaneously through the inherently 
dynamic properties of noncovalent bonding interactions that always drive the superstructure to reach a 
thermodynamically stable configuration. Therefore, a detailed knowledge of the self-organized 
superstructure of rotaxane within the monolayer should provide essential understanding of the 
fundamental nanoelectromechanical behavior of rotaxanes, allowing the molecular architecture and its 
packing in a device to be optimized to improve its performance. In this work, we report the computed 
superstructures and properties of Langmuir monolayer (LM) on water phase and Langmuir-Blodgett (LB) 
film on H-terminated Si (111) surface of amphiphilic bistable [2]rotaxane from fully-atomistic molecular 
dynamics (MD) simulations at 300 K. Especially, the stress state of these supramolecular structures for 
the stable and metastable state were calculated and dicussed with their structure.  

 
COLL 96  

Ultra-sensitive chiral specific detection of small molecule assemblies  

G. Scott Goeken1, Nick Ingram1, David J. Kissick1, Andrew Moad1, Nathan Begue1, Ronald D. Wampler1, 
and Garth J Simpson2. (1) Department of Chemistry, Purdue University, 560 Oval Drive, West Lafayette, 
IN 47907, goeken@purdue.edu, (2) Department of Chemistry, Purdue Universtiy  

Chiral specific second harmonic generation (SHG) was performed to determine percent enantiomeric 
excess of approximately picogram quantities of small molecules. Nonlinear optical processes allow for 
chiral detection with orders of magnitude greater sensitivity than the linear counterparts, absorbance and 
fluorescence. To date, chiral specific SHG has mainly been performed on dye molecules in highly 
conjugated systems. Here we show for the first time chiral detection on an ultra thin film (e.g. amino acid 
crystals) lacking a native chromophore. This method allows for quantification of enantiomeric excess in 
the amino acid crystals. Molecular modeling calculations were also performed to understand the origin of 
the chiral response of these crystals. Variances in the predicted responses of the amino acid crystals 
show the feasibility of this method for detecting differences in enantiomeric mixtures.  

 
COLL 97  

Molecular aspects of latex film formation  

Mitchell A. Winnik1, Yuanqin Liu1, Jeffery C. Haley1, and W. Lau2. (1) Department of Chemistry, 
University of Toronto, 80 St. George Street, Toronto, ON M5S 3H6, Canada, Fax: 416-978-0541, 
mwinnik@chem.utoronto.ca, (2) Rohm and Haas Company  

When an aqueous dispersion of soft polymer particles is allowed to dry, the particles deform to form a 
dense void-free film consisting of polyhedral cells. These newly formed films are mechanically weak; 
strength develops through polymer diffusion across intercellular boundaries. New knowledge about this 
process is needed to meet the ever increasing challenges of formulating high performance water-borne 
coatings that are friendly to the environment. Various aspects of the latex polymer composition (e.g., 
polarity, glass transition temperature) and architecture (e.g., branching, gel content) affect the polymer 
diffusion rate. We have recently become interested in factors that affect the early stages of polymer 
diffusion in newly formed films. New results about these various topics will be presented.  



 
COLL 98  

Directed assembly of colloidal films, granules, and 3-D periodic structures  

Jennifer A. Lewis, Department of Materials Science and Engineering, University of Illinois at Urbana-
Champaign, 1304 W. Green Street, Urbana, IL 61801, Fax: 217-333-2736, jalewis@uiuc.edu  

We are developing novel assembly routes for creating patterned colloidal films, granules, and 3D 
architectures. Our approach relies on engineering the phase transitions, structure, rheology, and drying 
behavior of dense colloidal-nanoparticle suspensions. Several examples from our recent research 
activities will be highlighted. First, we will show how patterned colloidal films can be created via 
evaporative lithography. Second, we will highlight the microfluidic assembly of colloidal granules with 
controlled composition and shape. Finally, we demonstrate the construction of 3D structures comprised of 
high aspect ratio walls or spanning elements by direct-write assembly. We have recently designed 
biphasic nanoparticle inks capable of fine-scale 3D patterning (~ 10 micron feature size). Efforts are 
underway to characterize the rheological behavior and structure of these attractive/stable particle 
mixtures. By combining colloidal, microfluidic, and direct-write assembly routes, we have created colloidal 
structures with tailored composition, shape, and functionality.  

 
COLL 99  

Particle adhesion and motion on nanotextured surfaces  

Maria M. Santore1, Surachate Kalasin2, Ranjoy Duffadar3, and Jeffrey M. Davis3. (1) Department of 
Polymer Science and Engineering, University of Massachusetts Amherst, 120 Governors Drive, Amherst, 
MA 01003, Fax: 413-545-0082, santore@mail.pse.umass.edu, (2) Department of Physics, University of 
Massachusetts, (3) Department of Chemical Engineering, University of Massachusetts  

This work examines the interactions of colloidal particles, in shearing flows, with heterogeneous surfaces 
that present 5-40 nanometer scale attractive features on a background which is otherwise repulsive or, at 
least neutral in its interaction with approaching particles. Fluctuations in the distributions of randomly 
placed attractive nanofeatures produce interesting dynamic adhesive behaviors, including control over 
particle capture rates and an adhesion threshold, an average density of attractive features below which 
particles do not adhere. It is observed, experimentally, that when particles first approach the surface, 
depending on the density of attractive features, they either arrest immediately or roll and skip over the 
surface, ultimately arresting after rolling in some cases. A model coupling hydrodynamic forces and 
torques on the particle with the heterogeneous physico-chemical interfacial field predicts this behavior 
and relates the motion signatures to classical adhesion parameters, such as friction coefficients.  

 
COLL 100  

Interactions between polyelectrolyte brushes in various ionic environments  

Matthew Tirrell, Departments of Chemical Engineering and Materials, University of California, Santa 
Barbara, CA 93106, Fax: 805-893-8124, tirrell@engineering.ucsb.edu  

End-tethered polyelectrolyte layers (“brushes”) shrink monotonically in response to addition of mono-
valent salt, which also produces corresponding monotonic changes in the range of the repulsive normal 
forces exerted by such brushes. High swelling and very low frictional forces have been reported under 
low salt concentrations. A new pattern of behavior is demonstrated here via surface force measurement 



on polyelectrolyte brushes in the presence of multi-valent ionic interactions, introduced via tri-valent 
aluminum cations (Al3+) or aggregates of cationic surfactants. Very low concentrations of added Al3+ or 
surfactant produce much stronger shrinkage of the brush than does mono-valent salt. Normal forces 
become strongly attractive under these circumstances. Multi-valent interactions enable tuning of 
polyelectrolyte brush structure and properties over a wide range, from compact, stiff and sticky to swollen, 
soft and repulsive.  

 
COLL 101  

Microflow control strategies based on thermally-responsive triblock copolymers  

Susan J. Muller, Department of Chemical Engineering, University of California at Berkeley, 201 Gilman 
Hall, Berkeley, CA 94720-1462, Fax: 510-642-4778, muller2@socrates.berkeley.edu, Boris Stoeber, 
Department of Mechanical Engineering, University of British Columbia, and Dorian Liepmann, 
Department of Bioengineering, University of California, Berkeley  

Microfluidics is of interest from a technological standpoint due to the promise of replacing conventional 
bench-scale chemical and biochemical processes with “lab-on-a-chip” schemes. In addition, these 
devices provide a unique platform for studying the dynamics of macromolecules in well-defined flows. 
Controlling flow at the microscale, however, requires fundamentally different approaches than one uses in 
macro-scale flows. Here, we describe some strategies for active and passive valving and mixing in these 
microscale flows. The particular method exploits the short thermal diffusion length scale of microdevices 
and relies on thermally-responsive triblock copolymers that reversibly self-assemble into soft gels. Rapidly 
responding active valves, passive, self-regulating valves that respond to viscous heating, and compact 
micromixers will be demonstrated.  

 
COLL 102  

Spatially resolved microrheology through a liquid/liquid interface  

Raj Rajagopalan, Department of Chemical & Biomolecular Engineering, National University of 
Singapore, E5-02-11, Block E5, 4 Engineering Drive 4, Singapore 117576, Singapore, 
chehead@nus.edu.sg  

We discuss a low-coherence-volume light-scattering technique for the measurement of the 
microrheological properties of viscoelastic liquids in small volumes over a large frequency range (on the 
order of eight decades). A model viscoelastic liquid (polyethylene oxide solutions in water) is used to 
assess the accuracy of the measurements by comparing the results with conventional mechanical 
measurements of the loss and storage moduli. Then we show that the method can be used to measure 
variations in viscoelastic properties in a heterogeneous system by measuring the variation in the moduli 
with position (and time) across a liquid/liquid interface between a viscoelastic polymer solution and a 
Newtonian liquid.  

 
COLL 103  

Friction characteristics of clean hydrophilic silica surfaces in solutions of normal and high pH's  

Elena Taran, Bogdan C. Donose, Ivan U. Vakarelski, Hiroyuki Shinto, Yoichi Kanda, and Ko Higashitani, 
Department of Chemical Engineering, Kyoto University, Katsura, Nishikyo-ku, Kyoto 615-8510, Japan, 
Fax: +81-75-383-2652, k_higa@cheme.kyoto-u.ac.jp  



We conducted very carefully a series of AFM measurements of normal and lateral forces between 
completely-hydrophilic silica surfaces in various electrolyte solutions of normal and high pH's, and found 
that the friction behaviours are classified into 4 cases. In the case of normal pH, the lubrication effect was 
observed by adding mono-valent cations, which was classified as Case A, although the degree of 
lubrication depends on the kind and concentration of cations. As for the divalent cations, the transition 
from Case A to Case B, in which the friction became larger than that in water by adding cations, was 
found with increasing hydration enthalpy of cations. In the case of trivalent cations, the behaviour was 
classified as Case B, and the anions were found to play an important role. In the case of high pH, the 
surfaces were hairy-like and elastic. It was found that (1) the relation of the friction vs. the loading force is 
non-linear, (2) whether the friction behaviour is classified as Case C of non-linear lubrication or Case D, in 
which the friction becomes larger non-linearly than that in water by adding cations, depends on the 
adhesive property of adsorbed layers of cations on the hairy-like surfaces. The interesting relation of the 
friction vs. the scan rate in Case B and D was explained theoretically. The details will be given in the talk.  

 
COLL 104  

Diffusive permeability and selectivity of polymeric nano-composite membranes  

Reghan J. Hill, Department of Chemical Engineering, McGill University, 3610 University Street, Montreal, 
QC H3A 2B2, Canada, Fax: 514-398-6678, reghan.hill@mcgill.ca  

The diffusive permeability and reverse selectivity of certain polymeric nano-composite membranes used 
for gas separations has been found to increase with the volume fraction of silica nano-inclusions. This 
intriguing discovery, first reported by Merkel et al. (Science, 296, 2002), is contrary to expectations based 
on classical Maxwell-like theories of diffusion and conduction in composites with homogeneous phases. 
In this talk, I will present a novel theoretical interpretation of Merkel et al.'s experiments. The theory 
provides a robust, quantitative connection between the composite membrane microstructure and 
performance, and highlights the important role of solvent mediated polymer-nanoparticle interactions 
during the membrane casting process.  

 
COLL 105  

Mechanical and optical high-frequency rheology of wormlike micellar solutions  

Norbert Willenbacher1, Claude Oelschlaeger1, Michael Schopferer1, Frank Scheffold2, and F. 
Cardinaux2. (1) Institute of Mechanical Process Engineering and Mechanics, Universität Karlsruhe (TH), 
Gotthard-Franz-Straße 3, Karlsruhe 76131, Germany, norbert.willenbacher@mvm.uni-karlsruhe.de, (2) 
Department of Physics, University of Fribourg  

Significant progress has been made in extracting linear viscoelastic properties of complex fluids from 
optical measurements like diffusing wave spectroscopy (DWS). DWS provides fast and non-invasive 
access to the dynamic shear modulus G* in a wide frequency range up to 100 kHz. A thorough 
comparison of DWS to classical mechanical rheometry is still lacking especially at frequencies beyond 
100 Hz. Here we compare results from mechanical rheometry based on piezo-driven squeeze-flow and 
torsional resonance oscillation to data from DWS at frequencies up to 100 kHz using wormlike micellar 
solutions as a well-characterized model system. Good agreement of absolute data from mechanical and 
optical rheometry is found over the whole frequency range. Moreover, the characteristic ¾-scaling regime 
for G* is found were stress relaxation is due to the internal bending modes of the Kuhn segments. 
Consistent values for the persistence length can be extracted both from the absolute values of G* in the 
¾-scaling regime as well as from the shortest Rouse time.  



 
COLL 106  

Interactions of polyelectrolytes and wormlike micelles  

Eric W. Kaler and Tiangang Shang, Department of Chemical Engineering, University of Delaware, 
Colburn Laboratory, 150 Academy St, Newark, DE 19716, Fax: 302-831-6751  

We have explored the rheological and structural properties of polyelectrolytes and wormlike micelles 
(WLM) from both a theoretical and experimental point of view. The experimental systems of interest are 
mixtures of a pure C22 betaine surfactant with either poly(naphthalene sulfonate) (DAXAD) or 
poly(styrenesulfonic acid) sodium salt (PSS). We have developed a systematic method to acquire 
quantitative information about the interaction between surfactant and polyelectrolyte in concentrated 
surfactant solutions based on analysis of oscillatory rheological responses for a series of temperatures. 
This data allows us to test our theoretical analysis of the interaction between polyelectrolytes and WLM. 
The effect of this interaction on the self-assembling of WLMs is discussed in detail and provides some 
insight into the dependence of the zero shear viscosity on polyelectrolyte concentration. Finally, a variety 
of cryo-TEM micrographs validate a key assumption that micellar branching is not important in these 
mixtures.  

 
COLL 107  

Transition of metal single crystals to nanodispersed nanoparticles (1-10 nm) as model catalyst 
systems  

G. A Somorjai, Department of Chemistry and Lawrence Berkeley National Laboratory, University of 
California, Berkeley, CA 94720, Fax: 510-643-9665, Somorjai@berkeley.edu  

Platinum and rhodium nanoparticles are grown in solution capped with a polymer. They are deposited on 
an oxide wafer using a Langmuir trough (2-D) and characterized by electron microscopy, scanning 
tunneling microscopy, and sum frequency generation (SFG) vibrational spectroscopy. Chemisorption and 
catalytic reactions probe the selectivity of the nanoparticles in hydrocarbon conversion reactions at high 
pressures. Oxide-metal interfaces are used as catalytic nanodiodes to generate current flow during 
exothermic reactions of CO/O2 and H2/O2. The Schottky barriers that form at oxide-metal interfaces 
during catalysis account for the unique activity of these sites during catalysis.  

Pt and Rh nanoparticles are deposited in 3-D mesoporous silica supports (SBA-15) and characterized by 
a combination of techniques. Their activity and selectivity as a function of particle size and surface 
structure was studied by cyclohexene and crotonaldehyde conversion and will be reported.  

 
COLL 108  

Understanding trends in surface reactivity  

Jens K. Norskov, Center for Atomic-scale Materials Design, Technical University of Denmark, 
Department of Physics, Building 307, DK-2800 Lyngby, Denmark  

Electronic structure methods give an unprecedented insight into surface chemical processes, and it 
allows us to disentangle geometrical and electronic structure effects surface reactivity. The calculations 
also allow us to begin understanding variations in reactivity from one metal surface to the next. By 



combining with experimental results a detailed picture of the way metal surfaces can act as catalysts for 
chemical reactions may be developed.  

 
COLL 109  

Metal atom interaction with reactive intermediates on single crystal surfaces  

Robert J Madix, Division of Engineering and Applied Sciences, Harvard University, 21 Oxford St., 
Cambridge, MA 02138, Fax: 617-496-8140  

Metal surfaces afford free metal atoms that can interact with reactive intermediates, providing stabilization 
and affecting their rates of reaction. In this talk examples of this phenomenon will be discussed for nickel, 
copper and silver surfaces. These examples make it clear that for ab initio calculations of either the 
bonding or reaction rates of reactive intermediates complexation by metal atoms must be considered.  

 
COLL 110  

Electron-stimulated processes in monolayers and condensed films  

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  

Non-thermal surface phenomena induced by electron and photon irradiation play important roles in many 
areas of science and technology, including semiconductor lithography, catalysis, environmental surface 
chemistry, and electron beam-induced deposition (EBID) of nanometer scale features. This talk focuses 
on electron-induced processes in condensed films, in adsorbed molecular monolayers on crystalline 
metal surfaces, and in oxide surfaces. Topics include: (a) radiation-induced processes related to 
atmospheric chemistry and to extreme ultraviolet lithography (EUVL), including dissociation, atom 
deposition, and molecular synthesis during electron irradiation of adsorbed molecular layers, and (b) 
electron-stimulated desorption ion angular distributions (ESDIAD) of anions and cations from oxide 
surfaces, and from fluorinated species on metals. In many cases, important electron-induced processes 
are initiated by low energy electrons, e.g., 0-15 eV secondaries released from the surface during 
bombardment by the primary beam.  

 
COLL 111  

General trends in the electronic and chemical properties of bimetallic surfaces  

Jingguang G. Chen, Department of Chemical Engineering, University of Delaware, 332 Colburn Lab, 
Newark, DE 19716, Fax: 302-831-2085, jgchen@udel.edu  

The formation of bimetallic alloys offers an opportunity to tune the electronic and therefore chemical 
properties of transition metals. It is well known that bimetallic surfaces, prepared by depositing one metal 
onto another, often demonstrate novel physical and chemical properties that are not seen in either pure 
metal alone. In the current talk we will discuss our recent results on this subject using a combination of 
DFT modeling and UHV studies on model surfaces, and reactor evaluation of supported catalysts [1-4]. 
We will first provide a correlation of hydrogen binding energy (HBE) with the surface d-band center of a 
wide range of bimetallic surfaces. We will then use several examples to demonstrate the utilization of 
HBE values to predict desirable bimetallic systems for hydrogenation (consumption of hydrogen) and 
reforming (production of hydrogen) reactions. We will also discuss the thermodynamics and kinetics of 



transformation of bimetallic surface structures in the presence of atomic hydrogen and atomic oxygen. [1] 
Hwu et al. J. Am. Chem. Soc. 124 (2002) 702 [2] Kitchin et al. Phys. Rev. Lett. 93 (2004) 156801 [3] 
Kitchin et al. J. Chem. Phys. 120 (2004) 10240 [6] Menning et al. J. Phys. Chem. B, 110 (2006) 15471  

 
COLL 112  

Surface chemistry of C2 molecules on the Pt(111) surface  

Rongping Deng, Department of Chemistry, University of Illinois at Chicago, 845 West Taylor Street, 
Chicago, IL 60607, Fax: 312-996-0431, rdeng@uic.edu, and Michael Trenary, Department of Chemistry, 
University of Illinois at Chicago, 845 W. Taylor Street, Chicago, IL 60607-7061, Fax: 312-996-0431, 
mtrenary@uic.edu  

Surface carbon is ubiquitous in transition metal catalysis yet identification of the reactive forms of 
elemental carbon on surfaces is difficult. We have found that exposure of Pt(111) to acetylene at a 
surface temperature of 750 K produces structurally stable yet chemically reactive C2 molecules. The 
exposure temperature of 750 K is high enough to ensure complete dehydrogenation of acetylene, and of 
its decomposition products, yet is low enough to avoid aggregation of the carbon into unreactive graphitic 
carbon. The presence of C2 molecules is established through their reaction with hydrogen to form the 
ethylidyne (CCH3) and ethynyl species (CCH), which are readily identified with reflection absorption 
infrared spectroscopy (RAIRS). Quantification of the reactive carbon coverage indicates that essentially 
all of the acetylene-derived carbon is in the from of reactive C2 molecules. Deposition of the same 
coverage of carbon through exposure of the surface at 750 K to ethylene yields surface carbon that is 
largely unreactive. In addition to the reaction of C2 molecules with hydrogen, we have also found C2 to 
readily react with ammonia to form CN bonds. The reaction of C2 with NH3 is observed after adsorbing 
ammonia onto a C2-covered surface and then heating to elevated temperatures. Temperature 
programmed reaction spectroscopy reveals the desorption of HCN at 570 K and of C2N2 at 650 K. The 
carbon-nitrogen coupling reaction is clearly observed with X-ray photoelectron spectroscopy when the 
C2/NH3 layer is annealed from 85 to 200 K by the appearance of a chemically shifted C 1s peak at 286.6 
eV, which is well resolved from the unreacted C 1s peak at 284.9 eV. The ability of surface carbon to 
activate the NH bonds of ammonia is relevant to catalytic processes such as the synthesis of HCN over 
platinum catalysts.  

 
COLL 113  

Regioselectivity, stereoselectivity, and enantioselectivity in hydrocarbon conversion catalysis  

Francisco Zaera, Department of Chemistry, University of California, Riverside, Riverside, CA 92521, 
zaera@ucr.edu  

Examples of increasing subtlety will be provided to illustrate the mechanistic details that control selectivity 
in hydrocarbon conversion reactions on transition-metal catalytic surfaces. First, the role of the 
regioselectivity in early dehydrogenation steps on determining the ultimate products in reforming 
processes will be illustrated. Next, cases involving C=C double bond isomerization, bond migration and 
cis-trans interconversion, will be used to indicate the importance of the regio- and stereo-specificity of 
beta-hydride elimination steps in defining the products of catalytic reactions. Finally, two mechanisms for 
the modification of metal surfaces by chiral adsorbates will be presented, one based on the formation of 
ordered suprastructures, and a second involving more complex structures between cinchona alkaloids 
and the reactants.  

 
COLL 114  



Atomic force microscopy-based single cell mechanics  

Valentin Lulevich1, Tiffany Zink1, Huan-Yuan Chen2, Fu-tong Liu2, and Gang-yu Liu3. (1) Department of 
Chemistry, UC Davis, One Shields Ave., Davis, CA 95616, (2) Department of Dermatology, UC Davis, (3) 
Department of Chemistry, University of California - Davis, 1 Shields Avenue, Davis, CA 95616, Fax: 530-
752-8995, liu@chem.ucdavis.edu  

We report herein the establishment of a single cell compression method based on force measurements in 
atomic force microscopy (AFM). The high-resolution bright field or confocal laser scanning microscopy 
guides the location of AFM probe and then monitors the deformation of cell shape, while micro-sphere 
modified AFM probes compress the cell and measures the force and images the cell membrane. Force 
and deformation profiles of living cells reveal a cubic relationship at small deformation (<30%), multiple 
peaks at 30-70% compression, and a rapid increase at over 80% deformation. Young's modulus and 
bending constant of living cells membrane are extracted from the balloon models, with 10-30 MPa and 
17-52 kT, respectively. The sensitivity of single cell compression technique to various cellular properties 
such as viability, growth and treatments will also be discussed.  

 
COLL 115  

AFM study of immobilized bacteriophage and its interactions with bacteria  

Hitesh Handa1, Stephen Gurczynski2, Matthew Jackson2, Greg Auner3, and Guangzhao Mao1. (1) 
Department of Chemical Engineering and Materials Science, Wayne State University, 5050 Anthony 
Wayne Drive, Detroit, MI 48202, hiteshhanda@wayne.edu, (2) Department of Immunology and 
Microbiology, Wayne State University, (3) Department of Electrical and Computer Engineering, Wayne 
State University  

Currently, antibodies are the most commonly used agents in biosensors for the detection of biomolecules 
and organisms. Alternatively, we focus on the use bacteriophages to detect harmful waterborne 
organisms such as Salmonella due to their temperature and pH resilience. A silane (APTMS) layer is 
used as a bifunctional cross linker, between the bacteriophage and the substrate to covalently bind the 
phage to the surface. Using AFM we have shown that the phage P22 displays specific binding affinity to 
bacteria Salmonella typhimurium. Salmonella typhimurium is a gram negative bacterium whose outer 
membrane is made of lipopolysaccharide (LPS). P22 specifically binds to the repetitive O antigen part 
present in the LPS of Salmonella typhimurium. The binding affinity is determined both by imaging the 
amount of bacteria deposited on P22, and by single molecular unbinding force measurements.  

 
COLL 116  

Bacterial surface properties of Shewanella spp. as probed by force spectroscopy and 
microelectrophoresis  

Etienne Dague1, Jérôme FL. Duval2, Michelle L. Gee3, James A. Holden4, Richard Strugnell4, and Fabien 
Gaboriaud1. (1) Laboratory of Physical Chemistry and Microbiology for the Environment, Nancy-
University, CNRS, 405 rue de Vandoeuvre, Villers-les-Nancy F-54600, France, Fax: 33 3 83 27 54 44, 
gaboriaud@lcpme.cnrs-nancy.fr, (2) Laboratory Environment and Mineral Processin, Nancy-University, 
CNRS, (3) School of Chemistry, University of Melbourne, (4) Department of Microbiology and 
Immunology, University of Melbourne  

The surface properties of microbes in aqueous media play an important role in controlling interfacial 
phenomena such as bacterial adhesion, biomineralization and biofilm formation. There is a paucity of 
information on the relationship between the physico-chemical properties of the bacterial surface and the 



development of microbial communities and allied community phenomena both at the nano-scale (as 
relates to the cell-substrate interaction) and the micro-scale (as relates to the environmental conditions of 
the system), warranting further multidisciplinary and multiscale research. In this study, the electrostatic, 
hydrodynamic and mechanical interfacial properties of a encapsulated Shewanella strain (S. oneidensis 
MR-4) and non-encapsulated counterpart (S. putrefaciens CN32) were obtained by fitting electrophoretic 
mobility and direct forces measurements data to theoretical models. Specifically, the fundamental 
electrostatic and hydrodynamic parameters were obtained from the raw mobility data by means of 
advanced soft particle analysis. A detailed theoretical model based on these electrohydrodynamic data 
has been developed. From this model, we can infer that charge distribution heterogeneity within the 
bacteria shell may play a key role in the interaction forces between the hard AFM probe and the soft rod-
like bacteria. The model allows, for the first time, a means to differentiate between the contribution of 
surface forces and surface mechanics to the net interaction measured between a hard AFM tip and a 
compliant bacterial surface. The results reveal new insights into the relationships between bacterial 
adhesion processes and physico-chemical composition of the electrolyte solution, specifically pH and 
ionic strength.  

 
COLL 117  

A nanotumbleweed: Breaking away a covalently tethered polymer molecule by non-covalent 
interactions  

Yang Deng, Department of Chemistry, University of Minnesota, 207 Pleasant Street SE, Minneapolis, MN 
55455, Fax: 612-626-7541, deng@chem.umn.edu, and Xiaoyang Zhu, Chemistry, University of 
Minnesota  

A covalently tethered polymer molecule can spontaneously break away (desorb) from the surface when 
polymer/surface interaction is sufficiently unfavorable. This is demonstrated in surface initiated 
polymerization of a hydrophilic polymer, hyperbranched polyglycidol, from minority surface sites 
embedded in a hydrophobic matrix. As each hyperbranched polyglycidol molecule grows larger, it 
encounters more unfavorable interaction with the hydrophobic surface and leads to spontaneous covalent 
bond rupture and desorption. This finding challenges the traditional view on noncovalent interaction of 
macromolecules with the local environment at interfaces and has broad implications for the 
understanding, design, synthesis, and applications of surface tethered macromolecules.  

 
COLL 118  

Conformational changes of DNA polymerases on a microcantilever  

Sibani Lisa Biswal, Department of Chemical and Biomolecular Engineering, Rice University, 6100 Main 
Street MS 362, Houston, TX 77005, biswal@rice.edu  

The microcantilever sensor can be used as a sensitive platform for the study of thermal stability of 
macromolecules. Microcantilevers translate surface stress changes into nanomechanical deflection which 
means that structural changes in protein structure on a surface can be probed as a function of 
temperature. In this work, we applied the microcantilevers to study the temperature dependent 
conformations of three different DNA polymerase proteins: (i) Klentaq polymerase from Taq, (ii) Klenow 
polymerase from E. coli, and (iii) Pol I polymerase from E. coli. Differences between the various proteins 
are highlighted by a unique temperature profile suggesting that temperature-dependent conformational 
changes can be used to provide a “thermal fingerprint”. With their sensitivity to surface processes, 
microcantilevers offer a valuable tool in studying the thermostability of proteins at surfaces.  



 
COLL 119  

Guided protein delivery via two-tier AFM  

Rong Wang, 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  

A two-tier AFM (TTAFM) assay was established based on the use of heterobifunctional photo-cleavable 
cross-linkers in AFM probe modification. It permits two sequential individual AFM tasks at the same 
position to locate specific protein species on a surface and to deliver its binding partner at a desired 
position. The proteins functionalized on a tip provided guidance to identify their binding partner on a 
surface via force mapping. They were released from the tip and delivered to the surface via photolytic 
reactions of the cross-linkers. When tip functionalization was carefully controlled, proteins were able to be 
locally delivered to a desired area, and the result of protein delivery was examined immediately using the 
protein-free tip. The approach enables guided protein delivery and subsequent high-resolution imaging at 
the same local area with the same tip, thus opens up the possibility of monitoring protein functions in live 
cells.  

 
COLL 120  

Protein-mixed polymer brush interactions measured by atomic force microscopy  

Ruslan Burtovyy1, Olha Hoy1, Bogdan Zdyrko1, Robert Lupitskyy2, Sergiy Minko3, and Igor Luzinov1. (1) 
School of Materials Science and Engineering, Clemson University, 161 Sirrine Hall, Clemson, SC 29634, 
rburtov@CLEMSON.EDU, (2) Department of Chemistry, Clarkson University, (3) Department of 
Chemistry, Clarkson University  

Polymer brushes containing both polyacrylic acid–block- polystyrene (PAA-b-PS) and polyethylene glycol 
(PEG) regions with various ratio of hydrophobic to hydrophilic part were prepared using “grafting to” 
approach. Colloidal probe variation of atomic force microscopy technique was applied to measure 
adhesion between bovine plasma fibrinogen and the brushes. Influence of different solvents pretreatment 
on the interaction was studied. In order to understand a contribution of each component of the brush 
additional measurements were carried out for pure PAA, PEG and PAA-b-PS. An influence of brush 
thickness and molecular weight of grafted polymers on adhesion force was evaluated. Special attention 
was paid to the dependence of adhesion on residence time of the protein on the surface. Adsorption of 
the fibrinogen on the surfaces under consideration was also studied. Correlation between results of 
adhesion measurements and an amount of adsorbed protein was established.  

 
COLL 121  

Controlling the assembly of biological nanoarrays using metal ion affinity templates and dip-pen 
nanolithography  

Rafael A. Vega, Department of Chemistry, Northwestern University and International Institute for 
Nanotechnology, 2145 Sheridan Road, Evanston, IL 60208, r-vega@northwestern.edu, and Chad A. 
Mirkin, Department of Chemistry and International Institute for Nanotechnology, Northwestern Univeristy  

With the advent of Dip-Pen Nanolithography, chemical affinity templates can be generated to immobilize 
biological molecules with a resolution on par with Atomic Force Microscopy. This allows one to 
manipulate viruses and cells at the single particle level. We have discovered that one can use metal ions 



as immobilization moieties for unmodified viruses and antibodies in their active states. This methodology 
is superior to the more conventional protein-A/G approaches and allows one to work with a wide array of 
antibodies. The use of this chemistry to prepare nanoarrays for studying protein-cell and virus-cell 
interactions will be presented.  

 

 
COLL 122  

Formation and characterization of homogeneous and mixed self-assembled monolayers of 
peptides and alkanethiols on indium phosphide surfaces  

Heeyeon H. Park and Albena Ivanisevic, Biomedical Engineering and Chemistry, Purdue University, 
1296 Potter Bldg, West Lafayette, IN 47907  

The successful chemical functionalization of III-V semiconductor surfaces is an important first step 
towards their incorporation in biosensor platforms. In this work, homogeneous and mixed monolayers on 
InP (100) surfaces were synthesized and characterized. The homogeneous and mixed films of alkyl thiols 
and cysteine terminated peptides were fabricated by solution from adsorption, microcontact printing, and 
dip-pen nanolithography (DPN). The resulting SAMs were characterized by contact angle measurements, 
atomic force microscopy (AFM), X-ray photoelectron spectroscopy (XPS) and ellipsometry. XPS showed 
evidence for bonding between In-S for all examined alkyl thiols. Our results showed evidence for the 
successful formation of covalent bonds between indinum and sulfur under normal conditions (i.e., without 
the need for rigorous control over humidity and oxygen). The composition of the mixed monolyers can be 
adjusted by carefully controlling the concentration of each adsorbate solution. Furthermore, the mixed 
SAM's exhibited tilt angles and surface coverage higher than those of similar adsorbates on metal 
surfaces such as gold. The films composed of peptides were fairly disordered. Our results suggest that 
mixed monolayers of peptides and alkyl thiols can be used to functionalize InP in a rational and 
controllable fashion.  

 
COLL 123  

Preparation and controlled self-assembly of Janus magnetic nanoparticles  

Marco Lattuada, Tatsushi Isojima, and T. Alan Hatton, Department of Chemical Engineering, 
Massachusetts Institute of Technology, Cambridge, MA 02139, Fax: 617-253-8723  

We report a strategy for the preparation of extremely small polymer-coated magnetic Janus nanoparticles 
(JN) having the size of approximately 20 nm, with one side coated with pH-dependent poly(acrylic acid) 
and the other with pH-independent poly(styrene sulfonate). Controlled aggregation of these nanoparticles 
occurs at low pH values with the formation of stable clusters having approximately two to three times the 
initial size of the particles, as confirmed by Cryo-TEM. The cluster formation can be reversed by restoring 
the pH to high values. The size of the stable clusters can be controlled by the molecular weight of the 
grafted polymer or by the fraction of the magnetic nanoparticle surface available for grafting. In addition, 
when mixing small amounts of PAA-coated magnetic nanoparticles with JN, the final cluster size is again 



proportionally increases. A Monte-Carlo algorithm captures qualitatively both the controlled self-assembly 
and the mechanism responsible for the formation of clusters similar in structure to those observed in 
Cryo-TEM images.  

Lattuada presently at: Institute for Chemical and Bioengineering, ETH Zurich, 8093 Zurich, Switzerland  

 
COLL 124  

Epoxidized nanoparticles for polymer grafting  

Viktor Klep1, Volodymyr Tsyalkovsky1, Robert Lupitskyy2, Sergiy Minko3, and Igor Luzinov1. (1) School of 
Materials Science and Engineering, Clemson University, 161 Sirrine Hall, Clemson, SC 29634, 
klep@clemson.edu, (2) Department of Chemistry, Clarkson University, (3) Department of Chemistry, 
Clarkson University  

Control of surface properties of nanoparticles attracts strong interest for various high-tech applications. In 
this study we describe approach to surface functionalization of silica nanoparticles via covalent 
attachment of poly(glycidyl methacrylate) (PGMA) shell with the thickness from 1 to 10 nm. The shell 
created is highly reactive owing to epoxy functionalities of the polymer. The epoxy groups of the PGMA 
shell are used for formation of various polymer brushes (hydrophilic, hydrophobic, and mixed) around the 
particles. Both “grafting from” and “grafting to” techniques can be employed for the anchoring of the 
polymer brushes. Designed technique is applicable toward particles made from wide variety of organic 
and inorganic materials, as long as surface of material contains functional groups reactive with epoxy 
moiety.  

 
COLL 125  

Functionalization of ferromagnetic nanoparticles using polymeric surfactants and assembly into 
1-D mesostructures  

Jeffrey Pyun, Department of Chemistry, University of Arizona, 1306 E. University Blvd., Tucson, AZ 
85721, Fax: 520-621-8407, jpyun@email.arizona.edu  

Hybridization of organic polymers with metallic nanoparticles offers the potential benefit of designing new 
magnetic nanocomposites with enhanced processing and film forming characteristics. We are particularly 
interested in the passivation of ferromagnetic nanoparticles with polymer coatings. Functional copolymers 
in this system serve as stabilizing surfactants for magnetic colloids and concurrently enable the 
introduction of a wide range of functionality to nanoparticle surfaces. Controlled radical polymerizations 
are a key component in the preparation of these polymeric surfactants. Cobalt nanoparticles with organic 
shells were synthesized by the thermolysis of dicobaltoctacarbonyl in the presence of functional 
copolymers yielding ferromagnetic colloids of uniform size. Using this approach, polymer coated 
nanoparticles possessing tunable properties have been prepared. The effect of copolymer molar mass, 
composition and architecture on the particle size and morphology of cobalt nanoparticles will be 
discussed. The controlled assembly of these nanocomposite building blocks into one-dimensional 
assemblies spanning microns is length has also been achieved harnessing the dipolar association 
between magnetic nanoparticles.  

 
COLL 126  

LCST phenomena of amphipolar copolymers in nanoparticle surface modification  



Claus D. Eisenbach1, Nikolay Bulychev1, Frederik Wurst1, and Thadaeus Schauer2. (1) Institute for 
Polymer Chemistry, Universitaet Stuttgart, Pfaffenwaldring 55, Stuttgart D-70569, Germany, Fax: 49-
(0)711-68564440, cde@ipoc.uni-stuttgart.de, (2) Research Institute for Pigments and Coatings  

In view of improving the dispersion stabilization of nano- to mesosize particles, the demixing of 
amphipolar copolymer solutions upon temperature increase and the possibility of a simultaneous polymer 
deposition onto dispersed particles has been studied. First, the phase diagram of aqueous 
poly(oxyethylene-b-oxypropylene-b-oxyethylene) 3-block copolymer solutions exhibits a lower critical 
solution temperatue (LCST) following a nucleation and growth mechanism; in the presence of pigments, a 
lowering of the LCST is observed. The polymer deposition onto the particle surface varies with the 
macromolecular architecture and the experimental conditions as revealed by electrokinetic sonic 
amplitude (ESA) measurements. Special phenomena were observed when additional ultrasonic (US) 
treatment is applied which causes both surface activation and temperature rise to temperatures above the 
LCST; particles surface modified in this manner exhibited very good dispersion stability in water. Pigment 
encapsulation by the LCST technique is also well suited for the preparation of pigmented coatings with 
novel properties, e.g., exhibiting stratification phenomena.  

 
COLL 127  

Structural characterization of glassy and rubbery anionic amphiphilic model conetworks  

Gergely Kali1, Theoni K. Georgiou2, Béla Iván1, Costas S. Patrickios2, Elena Loizou3, Yi Thomann4, and 
Joerg C. Tiller4. (1) Department of Polymer Chemistry and Material Science, Chemical Research Center, 
Hungarian Academy of Sciences, Pusztaszeri u. 59-67, P. O. Box 17, Budapest H-1525, Hungary, 
g.kali@chemres.hu, (2) Deparment of Chemistry, University of Cyprus, Nicosia 1678, Cyprus, Fax: 357-
22-892801, costasp@ucy.ac.cy, (3) NIST Center for Neutron Research, (4) Institute for Macromolecular 
Chemistry and Freiburg Materials Research Center, University of Freiburg  

The structure of two series of amphiphilic model conetworks based on the hydrophilic anionic methacrylic 
acid was characterized by atomic force microscopy (AFM) and small-angle neutron scattering (SANS). In 
the first series the hydrophobic component was the glassy poly(methyl methacrylate), while the rubbery 
poly(2-butyl-1-octyl methacrylate) constituted the hydrophobic segments in the second series. Each 
series comprised conetworks in which the hydrophile / hydrophobe ratio was systematically varied as well 
as conetworks with different architecture of the linear chain: ABA and BAB triblock and statistical. The 
measurements indicated nanophase separation in the triblock copolymer-based conetworks and provided 
the spacing, size and shape of the formed nanodomains.  

 
COLL 128  

Polymer-inorganic nanocomposites from Si-based substrates: Applications of surface-initiated 
ring-opening metathesis polymerization (SI-ROMP)  

Jun-Hyun Kim, Department of Chemistry, Northwestern University, 2145 Sheridan Rd, Evanston, IL 
60208-3113, jun-kim@northwestern.edu, and SonBinh T. Nguyen, Department of Chemistry and the 
International Institute for Nanotechnology, Northwestern University  

This presentation outlines four different ROMP (ring-opening metathesis polymerization)-based 
approaches to prepare homogeneous layers of polymers possessing tunable functionalities on silicon 
surface or silica nanoparticles. The morphology, elemental composition, and properties of these polymers 
can be characterized by X-ray photoelectron spectroscopy (XPS), scanning electron microscopy (SEM), 
atomic force microscopy (AFM), transmission electron microscopy (TEM), ellipsometry, and Fourier-
transform infrared spectroscopy (FT-IR). The results not only demonstrated that polymer layers with 



diverse compositions can be prepared reliably on silicon surface or silica nanoparticles using ROMP, but 
also that their thicknesses can readily be controlled by varying the concentration of monomer and 
different preparation methods within nanometer scales.  

 
COLL 129  

Polysaccharide-stabilized dispersions for nanoparticle preparation  

Alain Durand1, Emmanuelle Marie1, Michèle Léonard1, Edith Dellacherie1, and Terri A. Camesano2. (1) 
LCPM, Ecole Nationale Superieure des Industries Chimiques, 1 Rue Grandville, 54000 Nancy, France, 
(2) Department of Chemical Engineering, Worcester Polytechnic Institute  

Polysaccharide-stabilized dispersions find applications in many fields like cosmetics, medicine, food... 
Nanoparticles are submicronic devices that can be used in drug-delivery applications. At that scale, 
surface interactions are of primary importance. The control of the surface characteristics is fundamental 
for applications in the medical field. Polysaccharide-covered nanoparticles exhibit good colloidal stability, 
good resistance to protein adsorption and may induce targeting. The elaboration of polysaccharide-
covered nanoparticles can be achieved by several processes. In all processes, the properties of 
amphiphilic polysaccharides are involved and must be precisely characterized so as to obtain convenient 
colloidal systems. Studies in that topic invlove multidisciplinary approach combinig chemistry, physical 
chemistry of macromolecules, surface science, colloidal science and biological experiements.  

 
COLL 130  

Synthesis and characterization of novel electro-active PBA-b-PSS/PEDOT nanoparticles  

Leeyih Wang, Center for Condensed Matter Sciences, National Taiwan University, No. 1, Sec. 4, 
Roosevelt Rd., Taipei 106, Taiwan, Fax: 886-2-2369-6221, leewang@ntu.edu.tw, and Yih-Wen Wang, 
Institute of Polymer Sciences and Technology, National Taiwan University  

A novel route for preparing an aqueous dispersion of electro-active nanoparticle based on starburst 
poly(n-butyl acrylate-b-4-styrenesulfonate)/ polyethylenedioxythiophene (PBA-b-PSS/PEDOT) was 
demonstrated. Firstly, PBA-b-PS starburst block copolymers were synthesized by atom transfer radical 
polymerization (ATRP) method using alkyl halides as core molecules. Secondly, copolymer chains of 
PBA-b-PS were converted into water-soluble PBA-b-PSS structure through the sulfonation of PS 
segments by acetyl sulfate. The obtained product bears a hydrophobic core of poly(n-butyl acrylate) and 
a hydrophilic shell of poly(4-styrenesulfonate), which can be further used as an effective template for 
growing conducting polymers. Finally, 3,4-ethylenedioxythiophene monomer was in-situ polymerized 
using ammonium persulfate as an oxidant in the presence of starburst PBA-b-PSS. The UV-visible 
absorption spectra showed very strong polaron peak between 800nm and 1000nm, indicating the high 
doping level of PEDOT by PSS during the polymerization process. Chemical structure and molecular 
weight characteristics of these copolymers were studied by NMR, IR and GPC techniques. The GPC and 
1H NMR showed that each polymeric arm of the star exhibited a well-defined chain length and a well-
control charge fraction.  

 
COLL 131  

Novel synthesis of nanocapsules from chitooligosaccharides and low molecular weight alginate  



Ting Wang, Zhangqi Feng, and Nongyue He, State Key Laboratory of Bioelectronics, Southeast 
University, Si Pai Lou 2, 210096 Nanjing, China, Fax: 86-25-83795635, echo2165@163.com, 
nyhe1958@163.com  

A novel, simple and efficient method to synthesize a new kind of nanocapsule in an inverse W/O micro 
emulsion system from low molecular weight (MW) alginate and chitooligosaccharides (COSs) was 
reported. Low MW alginate (LMWALG) was prepared by radiancy of UV in the presence of cathode ion, 
chitooligosaccharides (COSs) were used as anode ion. The composition for LMWALG inverse W/O micro 
emulsion system is 48.21% (wt) of cyclohexane, 16.79% (Triton X-100 and n-pentanol), and 30% of 
LMALG gelatum, while that of COSs one is 48.21% of cyclohexane, 16.09% (Triton X-100 and n-
pentanol) and 35.71% chitooligosaccharides aqua. The synthesis of nanocapsule was optimized 
baseding on the above compositions for the MW of alginate, the MW of COSs, concentration of COSs 
and the encapsulation time. The MW of LMWALG is 0.13 million and that of COSs is 3000 with a 
concentration of 1%. Encapsulating for 30 min, nanocapsules were formed in diameter of 136 nm.  

 
COLL 132  

“Frozen” block copolymer micelles as stable nanoparticles: Size and shape control via self-
assembly  

Ramanathan Nagarajan, Macromolecular Sciences Team, Natick Soldier Research, Development and 
Engineering Center (NSRDEC), Kansas Street, Natick, MA 01760, Fax: 508-233-4469, 
Ramanathan.Nagarajan@us.army.mil  

Block copolymer micelles in aqueous systems can be used as nanoparticles that are intrinsically 
passivated as well as stable. However, micelles are not “permanent” nanoparticles, because the 
equilibrium self-assembly process of micellization involves free molecular exchange. “Frozen” micelles 
that are “permanent” from a practical point of view can be prepared by the choice of one of the polymer 
blocks with a high enough glass transition temperature or with a large enough hydrophobicity (that will 
provide large activation energy for molecular exchange). The most common method for preparing block 
copolymer micelles involving molecular dissolution in a solvent common to both blocks and the gradual 
replacement of the good solvent by a selective solvent allows us to control the size and shape of the 
nanoparticle produced. In this work, we present a theory for predicting the size and shape of the “frozen” 
micelle as a function of the polymer characteristics (Tg and the hydrophobicity) and the choice of the 
common solvent used for the nanoparticle preparation.  

 
COLL 133  

Doped metal oxide nanoparticles for environmental remediation  

Clemens Burda, Center for Chemical Dynamics & Nanomaterials Research, Department of Chemistry, 
Case Western Reserve University, 10900 Euclid Avenue, Cleveland, OH 44106, cxb77@case.edu  

Photocatalysis based on the interaction of sunlight with semiconductor nanoparticles has emerged as an 
innovative and promising technique for water and wastewater treatment. Among various materials being 
developed for photocatalytic applications, titanium dioxide (TiO2) have received great attention because of 
its high reactivity and chemical stability under UV light excitation (wavelength < 390 nm). However, due to 
its wide band gap (~3.2 eV), TiO2 can only be utilized in the UV region, which accounts for less than 4 % 
of the solar spectrum, whereas the visible light represents about 42 % of the solar energy. In recent 
years, interest has grown in shifting the optical response of TiO2 from UV to the visible spectrum in order 
to improve the efficiency of TiO2 photocatalysis. Doping of TiO2 is believed to be potentially one of the 
ways to change the intrinsic band structure of TiO2, which can promote the photocatalytic activity by 



enhancing the visible light sensitivity. Nitrogen is regarded as the most promising doping element 
because of its similar properties as oxygen. Recently, we developed a method to dope metal oxide 
nanoparticles. The nitrogen doped metal oxide nanoparticles show enhanced visible light absorption and 
better photocatalytic performance on methylene blue and azo dye decomposition. The bactericidal effect 
of TiO2 has also been tested. Recent synthetic progress and catalytic experiments will be presented.  

Reference: Liu, Y.; Chen, X.; Li, J.; Burda, C.. Photocatalytic degradation of azo dyes by nitrogen-doped 
TiO2 nanocatalysts. Chemosphere (2005), 61(1), 11-18.  

Burda, Clemens; Lou, Yongbing; Chen, Xiaobo; Samia, Anna C. S.; Stout, John; Gole, James L. 
Enhanced nitrogen doping in TiO2 nanoparticles. Nano Letters (2003), 3(8), 1049-1051.  

 
COLL 134  

Electrolytic recovery of nanosized crystalline brucite from membrane residuals  

John J. Lenhart and Krishnakumar Raman, Department of Civil and Environmental Engineering and 
Geodetic Science, The Ohio State University, 2070 Neil Avenue, Columbus, OH 43210, 
lenhart.49@osu.edu  

Membrane technology holds the key to meet our future drinking water needs; however, the practice of 
discharging considerable volumes of concentrated membrane residuals from drinking water treatment 
plants into sewers or surface waters presents a problem. Alternative approaches to managing residuals 
exist, such as deep well injection or discharge to evaporation ponds, but they are also problematic. Our 
objective is to investigate an electrolytic residual treatment system to recover marketable by-products 
from membrane residuals and to safely dispose or re-use the electrolyzed effluent. Our research shows 
that nano-scale crystalline brucite can recovered from residual solutions high in Mg(NO3)2 and MgCl2 
(common constituents in drinking water residuals) in a simple three electrode reactor. The morphology, 
purity and crystallinity of the deposit was analyzed as was the effect of the treatment process parameters 
on the extent and rate of recovery. Our results indicate that in galvanostatic mode that magnesium 
removal increases with time and current, whereas in potentiostatic mode it decreased as the potential 
difference between the reference and working electrodes was increased. When analyzed in galvanostatic 
mode the total Mg concentration plays little role in mass recovery. Our results suggest that electrolytic 
treatment of membrane residuals offer an alternative residual management approach that simultaneously 
mitigates disposal and recovers useful products.  

 
COLL 135  

Surfactant template-based sol-gel synthesis of mesoporous nanocrystalline TiO2 photocatalytic 
materials immobilized on supports for environmental applications  

Hyeok Choi, Department of Civil and Environmental Engineering, University of Cincinnati, Cincinnati, OH 
45221-0071, Fax: 513-556-2599, choihk@email.uc.edu, Yongjun Chen, Dept. of Civil & Environmental 
Engineering, University of Cincinnati, and Dionysios D. Dionysiou, Department of Civil and 
Environmental Engineering, University of cincinnati, Cincinnati, OH 45221-0071, Fax: 513-556-2599, 
dionysios.d.dionysiou@uc.edu  

Titanium dioxide (TiO2), an efficient photocatalyst, is being applied in certain advanced water treatment 
systems. In order to synthesize highly efficient nanostructured crystalline TiO2 materials, we have 
investigated a novel sol-gel chemistry method employing surfactant molecules as a pore directing agent 
and some other additives to control the rate of hydrolysis and condensation reactions in the sol. In this 
synthesis method, we can control hydrolysis reaction of titanium precursors to manipulate the porous 



structure of TiO2 materials at the nanolevel. The TiO2 is also immobilized in the form of thin or thick films 
and membranes on various substrates. Here, we report the synthesis procedure and mechanism, and the 
characterization of the photocatalytic TiO2 films and membranes activated by UV and visible light and 
their multi-functions (photocatalysis, disinfection, separation).  

 
COLL 136  

Nanoparticle size effects on the microbial iron reduction  

Beizhan Yan, Daniel E. Giammar, Brian Wrenn, and Biswas Pratim, Energy, Environmental and 
Chemical Engineering, Washington University in St. Louis, One Brookings Drive, St. Louis, MO 63130, 
Fax: 314-935-5464, yanbz@wustl.edu  

Hematite nanoparticles can potentially play a beneficial role in environmental remediation. The high 
surface area to mass ratios of hematite nanoparticles increase the extent of surface reactions, and their 
small size may make them amenable to delivery to the subsurface. Surface reactions of interest include 
adsorption and surface-mediated reduction. Microbial iron reduction produces Fe(II), which is an effective 
reductant of certain contaminants, including uranium(VI) and chromium(VI), when adsorbed to Fe(III) 
oxides. The microbially-mediated rate of hematite reduction by the iron-reducing bacteria Geobacter 
sulfurreducens have been studied in anaerobic batch experiments. In order to understand nanoscale 
effects on the rate of microbial iron reduction, hematite nanoparticles with diameters of 5, 50, and 500 nm 
are used. The nanoparticles were synthesized using gas phase methods that provide control of their 
composition and size.  

 
COLL 137  

Sequestration of metal cations with nanoscale zero-valent iron (nZVI)  

Xiao-Qin Li and Weixian Zhang, Department of Civil and Environmental Engineering, Lehigh University, 
13 E. Packer Ave., Bethlehem, PA 18015  

Nanoscale zero-valent iron (nZVI) technology is becoming an increasingly popular method for the 
treatment of hazardous and toxic wastes, and for the remediation of contaminated sites. Most of the 
published work so far has been focused on the remediation of chlorinated organic compounds. In this 
presentation, applications of nZVI for the treatment of heavy metal ions will be discussed. Our work 
suggests that nZVI has high capacity for the removal and sequestration of metal ions such as Zn(II), 
Cd(II), Pb(II), Cu(II), Cr(VI), and Ag(I). The removal mechanisms are studied with high resolution X-ray 
photoelectron spectroscopy (XPS). Results indicate that due to its core-shell structure, multiple 
mechanisms may be responsible for the high efficiency of metal removal. For metals such as Cd(II) and 
Zn(II) with standard potential E(0) very close to or more negative than that of Fe(0) (-0.41 V), the main 
mechanism is sorption/surface complex formation. For metals such as Cu(II), Ag(I), Hg(II), and Cr(VI), 
whose E(0) is far more positive than iron, the removal mechanism is predominantly reduction. Metals 
such as Ni(II) and Pb(II), which has E(0) slightly more positive than iron, the immobilization mechanisms 
are likely a combination of both sorption and reduction. The combination of sorption and reduction 
reactions results in the rapid reactions and high removal capacity. The reactions are less sensitive to 
solution pH change compared to conventional materials such iron hydroxides and ion exchange resins for 
metal removal. The duo mechanisms may present nZVI as a versatile material for remediation of a large 
number of toxic heavy metals and for treatment of various hazardous industrial wastes.  

 
COLL 138  



Organic-inorganic hybrid catalysts for environmental remediation  

Christopher G. E. Ciptadjaya and Sherine O. Obare, Department of Chemistry, Western Michigan 
University, 3425 Wood Hall, 1903 W. Michigan Avenue, Kalamazoo, MI 49008, Fax: 269-387-2909, 
chris.ciptadjaya@wmich.edu  

Photoreduction of the riboflavins, flavin mononucleotide (FMN) and flavin adenine dinucleotide (FAD) to 
FMNH2 and FADH2, respectively, is a well-known two-electron two-photon process. The resulting FMNH2 
and FADH2 are involved in two-electron transfer reactions to a given substrate. Given that catalysts 
capable of delivering two electrons are attractive toward small molecule activation and dehalogenation of 
chlorinated hydrocarbons, we examined the reactivity of FMNH2 and FADH2 with CO2, O2 and the 
chlorinated ethylenes - dichloroethylene (DCE), trichloroethylene (TCE) and tetrachloroethylene (PCE) in 
aqueous solution. However, no products were observed after 48 hours of reactivity. On the other hand, 
FMNH2 and FADH2 anchored to nanocrystalline titania or zirconia via the phosphonic acid functional 
groups, reacted rapidly with CO2, O2, DCE, TCE and PCE. Origins of the enhanced reactivity and the 
reaction mechanisms of riboflavin functionalized titania or zirconia nanoparticles with CO2, O2 and 
chlorinated ethylenes will be presented.  

 
COLL 139  

Porewater velocity and collector grain size affects the mobility of surface-modified nanoiron in 
water-saturated porous media  

Navid B. Saleh1, Tanapon Phenrat1, Robert D. Tilton2, and Gregory V. Lowry1. (1) Department of Civil & 
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 and 
Department of Biomedical Engineering, Carnegie Mellon University  

Injection of nanoscale zerovalent iron (NZVI) has been proposed for in situ remediation of chlorinated 
solvent plumes and DNAPL source zones. The efficacy of this approach depends on the ability to 
disperse nanoiron in the subsurface, so understanding the fate and transport of nanoiron in the 
subsurface under varying hydrogeologic conditions is important. Pore water velocity and grain size 
distribution varies substantially in natural aquifers and can significantly affect colloid transport. We show 
here that the magnitude of these effects can be minimized with the appropriate surface modifications of 
the particles. The development and evaluation of these novel particles will be described including i) the 
velocity effects on unmodified and polymer-modified nanoiron mobility (varying pore water velocity from 1-
100 cm/hr), ii) the effect of the aquifer media grain size and degree of sorting on unmodified and polymer-
modified nanoiron mobility (using varying size fractions of sand and binary mixtures of coarse and fine 
sand), and (iii) application of results from clean sand columns to real aquifer materials. The experimental 
data is analyzed using clean-bed filtration theory to better understanding non-DLVO interaction and the 
occurrence of straining.  

 
COLL 140  

Structure, rheology, and migration in concentrated suspensions  

David T. Leighton Jr. and Arun Ramachandran, Department of Chemical & Biomolecular Engineering, 
University of Notre Dame, Notre Dame, IN 46556, Fax: 574-631-8366, dtl@nd.edu  

It has long been recognized that suspensions of particles dominated by viscous forces exhibit an 
anisotropic structure which manifests itself as a non-Newtonian suspension rheology. In particular, 
particle interactions give rise to both a particle pressure analogous to the osmotic pressure of colloidal 



suspensions, and significant normal stress differences. These normal stresses can be shown to 
quantitatively describe the shear-induced migration of particles across streamlines. What is less 
appreciated, however, is that they also lead to non-zero secondary currents that can have a profound 
influence on particle distributions.  

In this paper we will discuss the implications of secondary currents driven by the second normal stress 
difference. In particular, these convective flows are shown to reverse the direction of buoyancy-induced 
convection in resuspension flows, to sweep particles out of notches and corners, and to lead to 
instabilities in geometries such as plane-Poiseuille flow.  

 
COLL 141  

Granular matter and complex systems  

Julio M. Ottino, Department of Chemical and Biological Engineering, Northwestern University, 2145 
Sheridan Road, Technological Institute, Evanston, IL 60208, jm-ottino@northwestern.edu  

In the 125th anniversary issue of Science magazine, the physics of granular matter was listed as one of 
the 125 big questions in science. Granular matter serves as a prototype of collective systems far from 
equilibrium and fundamental questions remain. Many concepts now associated with nonlinear dynamics 
and complex systems appear in the behavior of granular matter: self-organization, symmetry breaking, 
and various forms of pattern formation – ranging from waves to chaos to coarsening. Surprisingly some 
aspects can be explained in terms of very simple models. Experimental and computational illustrations 
will be covered, along with some historical vignettes, providing a bridge to the wider world of complex 
systems.  

 
COLL 142  

The three viscosities  

Aditya Khair and John F. Brady, Chemical Engineering, California Institute of Technology, 1200 East 
California Blvd, Pasadena, CA 91125, Fax: 626-568-8743, aditya@its.caltech.edu, jfbrady@caltech.edu  

The rheological behavior of colloidal dispersions has been studied for over one hundred years, and the 
interplay between Brownian motion, interparticle forces and hydrodynamics on the viscosity is 
understood. In contrast to these traditional ‘macro'-rheological studies, in the last decade a new technique 
called ‘micro'-rheology has emerged in which a probe particle moves through a medium and from the 
probe's motion the microviscosity is inferred. Very recently it has been shown that colloidal dispersions 
also exhibit a bulk (or expansion) viscosity in addition to macro- and micro-shear viscosities. The bulk 
viscosity relates the deviation of the trace of the stress from the equilibrium osmotic pressure to the rate 
of expansion. These three viscosities correspond to distinct forcings of the material (mathematically, to 
quadrupolar, dipolar and monopolar, respectively), but nonetheless share many similar features. Here we 
compare and contrast the linear viscoelastic behavior of the three viscosities for Brownian hard-sphere 
dispersions.  

 
COLL 143  

Microstructure and rheology of shear thinning and thickening near hard sphere colloidal 
suspensions  



Norman Wagner1, Dennis Kalman1, and Lionel Porcar2. (1) Department of Chemical Engineering, 
University of Delaware, 150 Academy Street, Newark, DE 19716, Fax: 302-831-1048, 
wagner@che.udel.edu, (2) Center for Neutron Research, National Institute of Standards and Technology  

Despite over 100 years of study, there are very few reports of the structure of shearing colloidal 
suspensions that connect the microstructure to the rheology, largely due to difficulties in measuring the 
structure in the 1-2 plane (flow-gradient). Here, we use advances in instrumentation developed at UD and 
NIST to directly measure the suspension microstructure on length scales around the nearest neighbor 
distance (q range of 0.002 to 0.02Å-1). Suspensions of near hard sphere silica particles (100nm 
diameter) in a near-contrast matching Newtonian solvent mixture of deuterated ethylene glycol and 
polyethylene glycol were investigated via Rheo-SANS in the radial and tangential direction (2-3 and 1-3 
shear planes) and Flow-SANS in the plane of shear (1-2 plane). Upon shear thickening, substantial 
microstructural rearrangement is observed that is compared to simulations and theory to explore the 
structure-property relations in the shear thickened state.  

 
COLL 144  

Yielding and aging of soft colloidal glasses  

Emmanuel Stiakakis1, Matthew E. Helgeson2, George Petekidis1, Norman J. Wagner2, Christos N Likos3, 
and Dimitris Vlassopoulos1. (1) Institute of Electronic Structure and Laser, Foundation for Research and 
Technology - Hellas (FORTH), Road to Voutes, Vasilika Vouton, Heraklion, Crete 71110, Greece, Fax: 
302810-391-305, dvlasso@iesl.forth.gr, (2) Department of Chemical Engineering, University of Delaware, 
(3) Institute for Theoretical Physics II, University of Dusseldorf  

We explore the dynamics and rheology of colloidal suspensions of varying interactions around their glass 
transition volume fraction. In particular, we compare the behavior of hard spheres with a model of soft 
spheres, colloidal star polymers. We invoke the cage picture to identify the differences in the relaxation 
mechanisms in the two systems, with different effective volume fractions, based on rheological and DLS 
measurements. We compare the shear melting of the different glasses using creep recovery and large 
ampliture oscillatory shear measurements. Remarkably, the yield strains are comparable, a finding 
attributed to the particualr structure of the stars. The rheological signatures of the yielded glasses exhibit 
similarities with other systems such as attractive glasses and flocculated suspensions. We attempt at 
obtaining a universal picture by drawing analogies to colloid polymer mixtures, as well as binary mixtures 
of stars, whose rich physics includes distinct types of glasses with different yielding characteristics. 
Inherent to the problem of yielding of glasses is their ageing (which is particularly slow in star glasses), 
and by using appropriate sample handling protocols we show its importance in the linear and nonlinear 
rheology of glassy suspensions.  

 
COLL 145  

From attractive glasses to low-density gels in colloidal dispersions with short-range attractive 
interactions  

Johan Bergenholtz, Department of Chemistry, Goteborg University, Kemivagen 10, SE-41296 Goteborg, 
Sweden, Fax: +46 31 772 1394, jbergen@chem.gu.se  

Building on the success of applying the idealized mode coupling theory (MCT) of glassy dynamics to 
hard-sphere colloids, it has in more recent years been tested for systems of attractive colloids. It predicts 
that colloidal dispersions may acquire solid-like properties while remaining structurally disordered at 
transitions triggered by an arrest of the local dynamics. Although it remains largely unknown whether 
MCT, which aims to describe the cage effect in dense systems, has the ability to describe such local 



correlations accurately, comparisons with experiments and simulations appear promising in several 
respects. At high concentrations complex structural arrest scenarios emerge, leading to a distinction 
between repulsive and attractive glasses. In this talk, however, particular attention will be paid to the 
situation at low colloid concentrations, where the theory strongly overpredicts the tendency to arrest and 
where it remains questionable whether MCT can be used to model the behavior of low-density colloidal 
gels.  

 
COLL 146  

Microstructure and mechanics of nanocomposite melts  

Charles F. Zukoski and B J Anderson, Department of Chemical and Biomolecular Engineering, 
University of Illinois, 600 S. Mathews Ave., Urbana, IL 61801, czukoski@uiuc.edu  

The properties of nanocomposites are often dominated by the degree of polymer segment-particle 
surface interactions. For very weak attractions the particles are difficult to disperse while for strong 
interactions, stabilization or bridging can occur. In this work we describe the effects of increasing volume 
fraction of 50nm diameter silica spheres in polyethylene glycol polymer melts as the degree of 
polymerization increases. Stable suspensions up to volume fractions in excess of 0.5 are investigated. 
Microstructures show essentially hard sphere-like behavior up to volume factions where the average 
distance between the particles becomes comparable to the polymer size. This behavior is mirrored in 
composite melt rheology. These results are discussed in light of understanding of polymer chain 
dynamics and packing. These subjects are areas where Bill Russel has provided foundational 
understanding.  

 
COLL 147  

Effects of interparticle interactions and applied fields on colloidal gel  

Michael J Solomon, Clare Dibble, and Michael Kogan, Department of Chemical Engineering, University 
of Michigan, 3074 HH Dow, 2300 Hayward St, Ann Arbor, MI 48109-2136, mjsolo@umich.edu  

Colloidal gelation is a common assembly process that involves the manipulation of interparticle forces to 
yield solid-like structures with amorphous, ramified structure. Such materials are central to a wide range 
of chemical and materials processes such as the production of microstructured scaffolds, inks, paints and 
optical fibers. Gelation also can interfere with the assembly of ordered colloidal structures. Here we 
address the following questions: How does the gelation transition arise? What is the range of gel 
structures that can be formed and what tools are available to design a particular structure? We discuss in 
particular the model system of monodisperse charged poly(methyl methacrylate) spheres interacting 
through short-range attractive forces due to depletion of dispersed polymer. To assess the effect of 
potential interactions, gel structure and dynamics were visualized at the level of single particles by 
confocal microscopy. We find that changes in the strength of pair attractions induce void and cluster 
structures that impact the system dynamics, particularly its degree of heterogeneity. We apply shear and 
electric fields to the gels to interrogate how they locally reorganize upon deformation and stress. We 
discuss implications of the measurements for gel stability and rheology.  

 
COLL 148  

Colloidal crystal nucleation rate measurements  



Zhengdong Cheng, Artie McFerrin Department of Chemical Engineering, University, Texas A&M 
University, 200 Jack E Brown Building Texas A&M University, College Station, TX 77843, Fax: 979-845-
6446, Zhengdong.Cheng@chemail.tamu.edu  

Emulsion droplets containing gel particles of a thermo-responsive polymer, poly-N-isopropylacrylamide 
(PNIPAM), were used as an experimental model system for the study of crystal nucleation. Using 
independent droplets, we can isolate the interactions between crystallites. Therefore, we are able to carry 
accurate measurements of the nucleation rate of colloidal crystals. Temperature was used to fine-tune the 
volume fraction of the PNIPAM suspensions. The droplet sizes were varied with flow rates in microfluidic 
emulsification to tune the nucleation volume. Measurements of UV-Vis spectroscopy, light scattering and 
polarized microscopy offer complimentary information of crystallization from reciprocal space (UV-Vis and 
light scattering) and real space (polarized microscopy). By the change of PH values, inter-particle 
potential can be tailored. Hard sphere crystal nucleation rates will be discussed.  

 
COLL 149  

Electrostatic patterns in particles, films and monoliths: Effect on particle adhesion  

Fernando Galembeck, Leonardo F. Valadares, Fabio C. Bragança, Cristiane Silva, Rubia F. Gouveia, 
and Camila Rezende, Department of Physical Chemistry, Universidade Estadual de Campinas, Cidade 
Universitária Zeferino Vaz, 13083-970 Campinas SP, Brazil, Fax: 55-19-3521-2906, 
fernagal@iqm.unicamp.br  

Scanning electric potential microscopy reveals electrostatic patterns in colloidal particles, films and 
monoliths and its association to electron spectroscopy imaging in the electron microscope (ESI-TEM) 
allows the identification of local potentials with excess ion concentrations. These were identified in the 
interior of colloidal particles as well as in their surfaces and they can be used to solve some miscibility 
problems. For instance, ionic dyes can be anchored within hydrophobic polymers and clay-hydrophobic 
polymer nanocomposites are obtained just by mixing aqueous clay and latex dispersions. TEM 
examination of samples prepared by drying dilute mixed dispersions of lattices and inorganic particles 
reveals that adhesion is achieved between particles that are often considered incompatible and it makes 
a decisive contribution to the stability of nano-sized hydrophilic particles within hydrophobic polymers. 
These results are interpreted considering the effects of capillary adhesion during dispersion drying 
followed by electrostatic adhesion between the dry particles.  

 
COLL 150  

Probing reaction pathways on model catalyst surfaces: Vinyl acetate synthesis and olefin 
metathesis  

Wilfred T. Tysoe1, Feng Gao2, Yilin Wang1, Florencia C. Calaza3, and Dario Stacchiola4. (1) Department 
of Chemistry and Biochemistry, 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 and Laboratory for Surface Studies, University of 
Wisconsin-Milwaukee, (4) Department of Chemsitry, University of Wisconsin-Milwaukee  

Surface science strategies are used to understand catalytic reaction pathways on model 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 151  

Composition of, and reaction chemistry at, aqueous solution surfaces  

John C Hemminger, Department of Chemistry and AirUCI, University of California at Irvine, Irvine, CA 
92697, Fax: 949-824-3168, jchemmin@uci.edu  

Chemistry at the surfaces of liquids and solutions is of great importance to a wide range of problems. In 
particular, interfacial chemistry of aqueous solutions is important in the environmental sciences. However, 
little is known in detail about the composition of the liquid/vapor interface relative to that of bulk solutions. 
We have used ambient pressure photoelectron spectroscopy at the ALS synchrotron light source to study 
the composition of the liquid vapor interface of a variety of a aqueous solutions. In this talk we will present 
data on the composition of the liquid vapor interface of alkali halide salt solutions, showing that the larger 
more polarizable anions are enhanced at the interface in contrast to the less polarizable fluoride ion that 
is repelled from the interface. We have also studied the impact on the interfacial composition of adding an 
organic surfactant (butanol) to the solution. In addition we will discuss the use of ambient pressure XPS to 
follow the oxidation of potassium iodide both without water and at water pressures up to a few torr--which 
is sufficient to provide ionic mobility at the salt surface. Each of these studies involves a combination of 
XPS experiments with MD simulations of the aqueous solution interface.  

 
COLL 152  

Functionalization of hydrocarbons promoted by oxidized Au(111) and Ag(110)  

Cynthia M. Friend1, Xingyi Deng2, Thomas a Baker2, and Xiaoying Liu2. (1) Department of Chemistry & 
Division of Engineering and Applied Sciences, Harvard University, 12 Oxford St, Cambridge, MA 02138, 
Fax: 617-496-8410, cfriend@deas.harvard.edu, (2) Department of Chemistry, Harvard University  

The functionalization of olefins with oxygen and nitrogen is important for synthesis of molecular building 
blocks for pharmaceuticals and organic materials. We have used oxidized Au(111) and Ag(110) to 
promote the activation of ammonia to produce NHx species and to subsequently functionalize styrene 
using these species. The surface species produced from ammonia activation are different for Au and Ag 
due to their different activities for N-H activation and the differences in the stability of adsorbed OH on the 
two surfaces. A combination of spectroscopy, STM and reactivity studies were used to elucidate the 
reactions studied. We are in the process of generalizing these results to the activation of other amines.  

 
COLL 153  

Diffusion of species on TiO2(110)  

J. M. White1, Zdenek Dohnálek2, Bruce D. Kay2, Zhenrong Zhang2, Qingfeng Ge3, and Shao-chun Li1. (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) Fundamental 
Science Directorateand and Institute for Interfacial Catalysis, Pacific Northwest National Laboratory, (3) 
Department of Chemistry and Biochemistry, Southern Illinois University  



The movement of bridging oxygen atom vacancies (BBOvs) and of protons derived from H2O have been 
measured on TiO2(110) using UHV scanning tunneling microscopy for selected temperatures between 
300 and 400 K. In the absence of adsorbates, atomically resolved images show that BBOV's diffuse 
exclusively along the bridge bonded oxygen (BBO) rows and that the hopping rate increases 
exponentially with increasing temperature. Atomically resolved images confirm that H2O adsorbs 
dissociatively on the BBOV sites, producing two hydroxyl species, one positioned at BBOV and denoted 
OHV and the other, denoted OHB, formed by protonation at either of the two nearest-neighbor bridge-
bonded oxygen atoms. Hydrogen hopping along the [001] direction is observed at ambient temperature, 
with a strong preference for OHB (~ 10 ×) hydrogen motion. This powerful imbalance demonstrates the 
inequality of OHV and OHB and suggests differences in their charge and/or binding configuration.  

 
COLL 154  

Role of DFT calculations for the design of new catalytic materials: From oxide thin films to doped 
photoactive oxides  

Gianfranco Pacchioni, Dipartimento di Scienza dei Materiali, Università Milano Bicocca, via R. Cozzi 53, 
Milano 201225, Italy, Fax: 39-02-64485400, gianfranco.pacchioni@unimib.it  

DFT calculations can be of great help to design new materials to be used as model catalysts or directly in 
catalytic applications. In this talk we will present a few examples. Ultra-thin oxide films may exhibit special 
properties which differ from those of the corresponding bulk oxides. This is related to the formation of a 
metal/oxide interface which can change the chemical properties of the oxide support or the system work 
function, resulting in unexpected phenomena. One of these is charging of supported metal atoms and 
clusters (gold in particular) by direct tunneling of electrons from the metal substrate to the supported 
metal, as proven by a direct comparison of computed and measured STM images. This has important 
consequences as, for instance, a Au20 cluster assumes a different shape when deposited on the 
MgO(100) surface or on a MgO/metal thin film. We will review the properties of some metal/oxide 
interfaces such as MgO/Mo(100), SiO2/Mo(112) etc. Another way to modify the chemical properties of an 
oxide material is by doping with heteroatoms or by creating ad-hoc defects. Also in this case the role of 
DFT is crucial to unravel the mechanisms of activation of the material. We will discuss the role of N-
doping on the photoactivity of rutile TiO2. The material contains single atom nitrogen impurities (N 
centers) which give rise to localized states in the gap. EPR spectra measured under irradiation show that 
N centers are responsible for visible light absorption with promotion of electrons from the localized states 
to the conduction band or to surface adsorbed electron scavengers. The interplay with the gap states 
induced by other defects like O vacancies or OH groups on the rutile surface will also be discussed.  

 
COLL 155  

Nature of supported vanadium oxide  

Peter C. Stair1, Michael J. Bedzyk2, Zili Wu1, Hack-Sung Kim1, and Chang Yong Kim3. (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 and Department of Materials Science and Engineering, Northwestern 
University  

Vanadium oxide supported on alumina, silica, titania, zirconia, and other oxides is one of the most 
extensively studied catalyst materials. The catalytic performance of supported vanadia has been 
investigated for a variety of hydrocarbon transformations, especially the oxidative dehydrogenation of 
alkanes and the oxidation of methanol in order to establish the relationship between the chemical and 



structural nature of supported vanadia and its catalytic function. In recent years new physical methods, 
especially Raman spectroscopy at multiple excitation wavelengths and x-ray standing wave 
measurements, have been applied to supported vanadia model systems. These measurements have 
revealed additional details and complexity in the structure and electronic properties of supported 
vanadium oxide that depend on the vanadium surface density and preparation conditions. This 
presentation will provide an overview of recent results and interpretations.  

 
COLL 156  

Polymer-micelle complex as an aid to electrospinning nanofibers from aqueous solutions  

Ramanathan Nagarajan1, Christopher Drew2, and Charlene M. Mello1. (1) Macromolecular Sciences 
Team, Natick Soldier Research, Development and Engineering Center (NSRDEC), Kansas Street, Natick, 
MA 01760, Fax: 508-233-4469, Ramanathan.Nagarajan@us.army.mil, (2) Nanomaterials Team, Natick 
Soldier Research, Development and Engineering Center (NSRDEC)  

We propose the use of polymer-micelle complex as an aid to preparing nanofibers from aqueous 
solutions by the electrospinning process. The polymer-micelle complex can be designed to impart 
viscosity, surface tension and conductivity properties optimal for electrospinning. By incorporating the 
complex as a secondary ingredient, electrospinning of sparingly soluble or low molecular weight polymers 
is made possible, as is illustrated here using a PEO-SDS complex to electrospin a gel forming polymer. 
Further, we suggest that the polymer-micelle complex, can act as a generic carrier for preparing 
nanofibers incorporating rigid or globular (hard-to-spin) polymers, enzymes and nanoparticles.  

 
COLL 157  

Cell-penetrating quantum dots based on multivalent and endosomolytic surface coatings  

Hongwei Duan, Departments of Biomedical Engineering and Chemistry, Emory University and Georgia 
Institute of Technology, 101 Woodruff Circle Suite 2001, Atlanta, GA 30322, Fax: 404-727-3567, 
hduan@emory.edu, and Shuming Nie, Depts of Biomedical Engineering, Chemistry, and Oncology, 
Emory University and Georiga Institute of Technology  

Semiconductor quantum dots (QDs) are emerging as a new class of fluorescent labels for molecular, 
cellular and in-vivo imaging applications, due to their narrow and size-tunable emission spectra, broad 
absorption profiles, and superior photostability. We report the development of cell-penetrating quantum 
dots (QDs) based on the use of multivalent and endosome-disrupting (endosomolytic) surface coatings. 
Hyperbranched copolymer ligands such as polyethylene glycol (PEG) grafted polyethylenimine (PEI-g-
PEG) are found to encapsulate and solubilize luminescent quantum dots through direct ligand exchange 
reactions. Due to the positive charges and a “proton sponge effect” associated with multivalent amine 
groups, this class of ligand-exchanged QDs is able to penetrate cell membranes and also able to disrupt 
endosomal organelles in living cells. Cellular uptake and imaging studies reveal that these dots are 
rapidly internalized by endocytosis, are initially stored in vesicles, followed by slow endosomal escape 
and release into the cytoplasm.  

 
COLL 158  

Highly selective anthrax sniffer for homeland security and public safety  



Yanxiu Zhou, Embedded Systems Research, Motorola Lab, 2100 E. Elliot Road, MD: EL317, Tempe, AZ 
85284, Fax: 480-413-8785, janetyzhou@motorola.com, and Kalle M. Levon, Department of Chemical 
Engineering, Chemistry, and Materials Science, Polymer Research Institute, Polytechnic University  

Airborne contaminants, such as, bacterial spores, are normally studied by time-consuming microscopic, 
chemical, and biological assays. A fast response, simple sensor device that could be not only used to 
identify different species but also same species with different strains is extremely useful. A heptapeptide 
for specific recognition of Bacillus subtilis spore has been used as a ligand, and its interaction with B. 
subtilis spores has been traced by potentiometry. The selectivity, specificity, response time and LOD of 
the resulted sensor have been extensively investigated. This work proposes a feasible approach in which 
it could be used to rapidly identify biological bacterial agents in real time.  

(Zhou previously at Polymer Research Institute, Polytechnic University)  

 
COLL 159  

Surface plasmon resonance sensing based on nanometric holes in thin gold films  

Anders Gunnarsson, Tomas Rindzevicius, Yury Alaverdyan, Borja Sepulveda, and Mikael Käll, 
Department of Applied Physics, Chalmers University of Technology, 412 96 Göteborg, Sweden, Fax: 46 
(0)31 772 20 90, anders.gunnarsson@chalmers.se  

Bio/Chemosensors based on optical transduction mechanisms, for example fluorescence or surface 
plasmon resonance (SPR), attract increasing interest due to a range of applications of high current 
interest, including disease diagnostics, drug discovery and threat detection. Noble metal nanostructures, 
which enable high sensitivity, low cost, real-time and label-free sensing through simple elastic scattering 
or extinction measurements, are particularly promising. Resonant light scattering in such structures 
originates from the localized surface plasmon resonance (LSPR) oscillation of the conduction electrons, 
which is highly sensitive to the local refractive index of the surrounding. However, the LSPR response is 
mainly determined by the detailed morphology and composition of the nanostructure. Recent advances in 
nanofabrication technologies, such as colloidal lithography, electron-beam lithography or focused ion-
beam etching, has therefore opened up many new avenues for further design and tuning of LSPR sensor 
structures. In this presentation, we focus on one such structure – nanometric holes in optically thin gold 
films (1,2). Recent results on the optical and sensing properties of single isolated holes (3,4) and the 
drastic effects of hole-hole interactions (5) will be discussed. We will also report on new investigations of 
long range LSPR sensing, which possibly eliminates the traditional requirement that sensing has to be 
performed directly at the metal surface (6).  

(1) Prikulis, J.; Hanarp, P.; Olofsson, L.; Sutherland, D.; Kall, M. Nano Letters 2004, 4, (6), 1003-1007. (2) 
Dahlin, A.; Zach, M.; Rindzevicius, T.; Kall, M.; Sutherland, D. S.; Hook, F. Journal of the American 
Chemical Society 2005, 127, (14), 5043-5048. (3) Rindzevicius, T.; Alaverdyan, Y.; Dahlin, A.; Hook, F.; 
Sutherland, D. S.; Kall, M. Nano Letters 2005, 5, (11), 2335-2339. (4) Rindzevicius, T., et al., J. Phys. 
Chem in press 2007, in press. (5) Alaverdyan, Y., et al. submitted ms. (6) Rindzevicius, T., et al. 
submitted ms.  

 
COLL 160  

Microfluidic platforms for membrane protein crystallization  

Sarah L. Perry, Griffin Roberts, Joshua Tice, and Paul J. A. Kenis, Department of Chemical and 
Biomolecular Engineering, University of Illinois at Urbana Champaign, 600 South Mathews Avenue, 
Urbana, IL 61801, slperry2@uiuc.edu  



The crystallization of membrane-type proteins remains a field of study that is more art than science. 
Numerous factors such as protein amphiphilicity, quantity, and non-rigid conformations increase the 
difficulty of determining suitable crystallization conditions. The in-meso method for protein crystallization 
allows for the crystallization of membrane proteins without their removal from a membrane-like 
environment, thus alleviating concerns for both the solubilization of amphiphilic molecules, and the loss of 
the functional protein conformation due to the loss of the lateral membrane pressure. Additionally, the 
determination of crystallization conditions is often done using high throughput sparse matrix screening 
methods. While traditional well plate technology is well established, such systems typically use large and 
expensive fluid handling equipment, and may be on a scale that is inaccessible given the quantities of 
protein available. Here we will report on the design, fabrication, and testing of a microfluidic device 
designed for the on-chip formation and screening of in-meso crystallization conditions for membrane-type 
proteins on the nanoliter scale. Results from the crystallization of the membrane protein 
bacteriorhodopsin (bR) on-chip are shown.  

 
COLL 161  

Real time qualitative and quantitative evaluations of the adsorbed Concanavalin A layer on 
polymeric and functionalized surfaces  

J. Dong1, Ela Mielczarski1, J. Rybka2, and Jerzy A. Mielczarski1. (1) Laboratoire Environnement et 
Minéralurgie, Institut National Polytechnique de Lorraine - CNRS UMR 7569, 15, Avenue du Charmois, 
BP 40, Vandoeuvre-lès-Nancy 54501, France, jie.dong@ensg.inpl-nancy.fr, jerzy.mielczarski@ensg.inpl-
nancy.fr, (2) Institute of Immunology and Therapy Experimental  

Adsorption of Concanavalin A from aqueous solution on polystyrene and functionalized semiconductor 
surfaces were in situ investigated by the use of infrared reflection spectroscopy. The experimental spectra 
were compared with simulated spectra of hypothetical thin layer of Concanavalin A in order to determine 
real surface composition, structure and adsorbed amount. Sub-monolayer, monolayer and multi-layers 
with specific structure were all observed depending on solution conditions (type of buffer, pH) and method 
of surface pretreatment before adsorption. Concanavalin A can desorb to different levels, from multilayer 
to submonolayer coverage, depending on type of applied washing solution and the way how 
Concanavalin A is bonded to surface.  

 
COLL 162  

2-D Molecular imprinting of proteins via polymer brush approach  

Olha Hoy, Bogdan Zdyrko, and Igor Luzinov, School of Materials Science and Engineering, Clemson 
University, 161 Sirrine Hall, Clemson, SC 29634, ohoy@CLEMSON.EDU  

Approach to fabrication of protein imprints on a flat surface is presented. To prepare the molecularly 
imprinted surface, poly(glycidyl methacrylate) [PGMA] was used as an anchoring reactive layer. 
Employing epoxy groups of PGMA and free reactive groups of protein, covalent attachment of the protein 
to the layer was achieved. Vacant space between anchored protein molecules was covered with protein 
repelling poly(ethylene glycol) [PEG] brush using solvent assisted grafting. After the proteolytic cleavage 
of the protein, obtained cavities (recognition sites) in the PEG brush were studied for selectivity. 
Preliminary studies confirmed preferential adsorption of the protein on the imprinted surface.  

 
COLL 163  



3-Dim. growth of well-ordered cubic (RSiO1.5)8 silsesquioxane powders from 0-dim. nanosized 
spherical particles  

Chan Yoon Jung, Department of Chemical Engineering, Hanyang Univ, 17, Haengdang-dong, 
Seongdong-ku, Seoul 133791, South Korea, Fax: 82-2-2281-4800, kevin959kr@hayang.ac.kr, Chang 
Gyoun Kim, Thin Film Materials Laboratory, Advanced Material Division, Korea Research Institute of 
Chemical Technology, and Sang Man Koo, Departiment of Chemical Engineering, Hanyang Univ, 17, 
Haengdang-dong, Seongdong-gu, Seoul 133-791, South Korea, Fax: 82-2-2281-4800, 
sangman@hayang.ac.kr  

The growth mechanism of silsesquioxane powders from nano-sized spherical organosilica particles was 
elucidated using SEM and TEM spectroscopy. The well-ordered cubic silsesquioxane powders could be 
prepared by the controlled growth, while typical spherical powders were obtained by the normal sol-gel 
process. The growth process consisted of 3 assembly steps: 1) the formation of 1 dim. rod with necklace 
shape by anisotropic assembly of nano-sized particles, 2) the fusion of 1 dim. rods to bundles, and 3) the 
formation of cubic powder by assembly of the bundles. The cubic silsesquioxane powers were highly 
crystalline and only contained T8R oligomeric cubane structure as a building unit as can be seen IR, 
Raman, NMR, and XRD analysis. They also exhibited same thermal properties as those of T8X (X=H, 
Vinyl) crystals.  

 

 
COLL 164  

A branched hybrid: Inducing fatty acid nanorods from nanoparticles  

Ruomiao Wang1, Indika U. Arachchige2, and Stephanie L. Brock2. (1) Department of Chemical 
Engineering and Materials Science, Wayne State University, 5050 Anthony Wayne Drive, Detroit, MI 
48202, Fax: 001-313-577-3810, rmwang@wayne.edu, (2) Department of Chemistry, Wayne State 
University  

The nano-hybrid synthesis by spin coating the mixed solutions of inorganic nanoparticles and arachidic 
acid (AA) on graphite is described. The investigations on this seeded nucleation are conducted on kinetic 
and thermodynamic sides. Effects of nanoparticle core composition, capping agent, size of nanoparticles 
and matching between capping agent, spin coating condition, and solvent are disclosed by AFM and 
TEM. Induced nanorods consist of C-form AA crystals and exhibit uniform height with a lattice unit length. 
The length of nanorods is randomly distributed and the width and orientation depends on spin coating 
conditions and nanoparticle sizes. This procedure is universal, as different nanoparticles can work as 
nucleation seeds, and different nanorods consisting can be obtained.  

 
COLL 165  

A comparison of cholesterol and 7-ketocholesterol's packing behavior in phospholipid 
monolayers at the air-water interface  

Laura Burkemper and Alexa B. Serfis, Department of Chemistry, Saint Louis University, Monsanto Hall 
125, 3501 Laclede Avenue, St. Louis, MO 63103, Fax: 314-977-2521, burkeml@slu.edu  



Lipid monolayers composed of egg phosphatidylcholine, sphingomyelin, and dipalmitoyl 
phosphatidylcholine were studied using a Langmuir-Blodgett trough. The effects of incorporating 
cholesterol and 7-ketocholesterol were examined by obtaining pressure-area isotherms at room (20 oC) 
and elevated (37 oC) temperature. These temperature studies show that sterols, due to their solid-like 
nature, force the lipids to pack tighter (condensing effect), resulting in increased hydrogen bonding and 
hydrophobic interactions. Increasing sterol concentration increases this effect, which is more dramatic in 
cholesterol monolayers compared to 7-ketocholesterol monolayers. DPPC and SM interact non-ideally 
and the monolayers display very different behavior with varying sterol structure and concentration. These 
behaviors were further examined using fluorescence microscopy.  

 
COLL 166  

A novel method in the investigation of the interaction of Glutathione and Glutathione-S-
transferase with surface plasmon resonance  

Lihua Chen, College of chemistry and molecular engineer, Qingdao University of Science and 
Technology, Qingdao 266042, China, lihuachen@qust.edu.cn  

The technology of the surface plasmon resonance (SPR) is more and more popular. However, 
sometimes, a number of experimental artifacts complicate the final biosensor analysis. The utilization of a 
reference surface can dramatically improve the quality of the binding data by correcting artifacts. In the 
design of the reference surface, the interruption from the nonspecific binding (NSB) should be resolved 
fist. In our investigation of the kinetic constant of GSH(glutathione)/GST(glutathione-S-transferase), two 
methods have been employed. One is to modify the reference channel with a noninteracting protein at the 
same immobilization conditions to ensure the similar environment between two flow cells. Another is to 
choose the hydrophilic surface. Those methods, however, can not be effective. The bovine serum 
albumin (BSA)was incorporated with an alkanethiol-modified chip. Next,GSH was anchored only on the 
BSA surface in the experimental channel,then the without-activated BSA surface was designed as the 
reference channel. Finally, the interaction of GSH/GST was examined using SPR. The SPR results 
showed that BSA-modified chip was effective not only in binding the target proteins but also in 
suppressing the NSB of proteins.  

 

 
COLL 167  

A study of interactions between blood composition and heparinized polyethersulfone 
biomembrane surfaces: Characteristics of protein adsorption and platelet adhesion  

Danqun Huo1, Changjun Hou2, Dongni Zhan1, and Quan Yuan2. (1) Department of Bioengineering, 
Chongqing University, Chongqing University, teaching administration, sha pin ba zhengjie 174, sha pin ba 
zhengjie 174, Chongqing 400044, China, Fax: 86-23-65105595, cjhou@uiuc.edu, (2) Department of 
Chemical Engineering, Chongqing University  

Surface modification is an efficient way to improve the hemocompatibilities of biomaterials. In this study, 
medical grade polyethersulfone (PES) was surface modified by covalently immobilization of heparin using 
1,12-Hexanediamine as space arm, which leading to a novel biomaterial. Plasma proteins adsorption and 



platelet adhesion behaviors were comparatively investigated both on heparinized polyethersulfone (H-
PES) and control (PES) in the present study. Scanning electron microscope (SEM) pictures showed that 
larger amount of albumin adsorption onto H-PES membrane than that of PES. H-PES substrates 
displayed better anti-congregating ability. Lower platelet adhesion was observed on the H-PES surface 
than that of control. The number of platelet adhered on H-PES surface reduced by 55% (19×109/L) 
compared with PES. These results indicated that heparinized PES with algoid structure had good 
antithrombogenic proterty. This novel biomaterial may be has potential for biomedical applications.  

 
COLL 168  

Adlayer structure and copper deposition of a Au(111) electrode modified by bis(3-sulfopropyl) 
disfulride and mercaptopropylsulfonic acid  

Teng-Yuan Cheng1, Yaw-Chia Yang1, Wei-Ping Dow2, and Yuh-Lang Lee1. (1) Department of Chemical 
Engineering, National Cheng Kung University, Tainan, Taiwan, Fax: 886-6-2344496, 
n3694114@mail.ncku.edu.tw, (2) Department of Chemical Engineering, National Chung-Hsing University  

We employed in situ scanning tunneling microscopy (STM) and cyclic voltammetry (CV) to study the 
adsorption of bis(3-sulfopropyl) disfulride (SPS) and mercaptopropylsulfonic acid (MPS) onto a well-
ordered Au(111) electrode in 0.1M H2SO4, as well as the copper electrodeposition from H2SO4 solutions 
onto SPS-modified and MPS-modified Au(111) electrode. The SPS adlayer was found to be comprised of 
three different ordered structures at 0.95V (RHE). Sweeping the potentials slightly positive of 1V (RHE), it 
leads to the formation of small pits and disordered domain on the surface. The MPS adlayer consists of 
two ordered structures at 1.1V (RHE). Disordered domain forms when the potentials sweep positively of 
1.4V (RHE). At low overpotentials, the Cu deposition on SPS-modified and MPS-modified Au(111) 
electrode both exhibit a monoatomic high morphology, and the surface is uniformly covered by small 
islands. Bulk deposition occurs on SPS-modified and MPS-modified Au(111) electrode at potentials of 
0.13V and 0.05V, respectively.  

 
COLL 169  

Adsorption of nitrogen oxide on immersion modified activated carbon fiber felt  

Xiaofeng Song Sr. and Ce Wang, Alan G. Macdiamid Institute, Jilin University, Changchun 130012, 
China, songx@mail.ccut.edu.cn  

In this paper, Polyacrylonitrile-based activated carbon fibers (PAN-ACF)is dipped in ferrum nitrate solution 
under different concentration, vacuum thermal treatment, and dipping time. With orthogonal experiment, 
we find that initial solution concentration is the main factor affecting nitrogen oxide adsorption rate, and 
the adsorption and conversion rate is maximized at about 70% when the solution initial concentration is 
within 0.1-0.14mol/L. The dipping temperature and time have no obvious effect on the result. The SEM 
photograph shows that the metallic ion distributes over the surface of PAN-ACF unevenly.  
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Adsorption of polyelectrolyte single molecules vs. surface charge: Intact AFM study under liquid  

Yuri Roiter and Sergiy Minko, Department of Chemistry, Clarkson University, 8 Clarkson Ave., Potsdam, 
NY 13699, Fax: 315-268-6610, yroiter@clarkson.edu  



We report on the in situ AFM study of the adsorption of positively charged flexible polyelectrolyte (PE) 
single molecules on differently charged mica surfaces. Molecules of poly(2-vinylpyridine) (P2VP) ~0.4 nm 
thick were adsorbed on the mica surface from aqueous solutions at different pH in a fluid cell and 
scanned under the same solutions immediately after the adsorption. The effect of the mica surface 
charge from positive (at pH 2), through neutral (at pH 3) to negative (at pH 3.57) on the conformation of 
adsorbed P2VP molecules at a low and high surface concentration regimes was studied. The major 
finding is that at the high concentration regime the PE molecules avoid the similarly charged mica 
substrate and interact preferentially with adsorbed PE chains.  

 
COLL 171  

Adsorption studies of cytochrome c to a silica nanoparticle surface  

Carrie Ann Hedge1, Todd A Hopkins1, Geoffrey C. Hoops1, and Meng-Chih Su2. (1) Department of 
Chemistry, Butler University, Indianapolis, IN 46208, (2) Department of Chemistry, Sonoma State 
University  

Spectroscopic techniques were used to study the surface adsorption and folding/unfolding characteristics 
of cytochrome c electrostatically adsorbed to silica nanoparticle surfaces. With the Soret band absorption 
of the heme as an optical probe, conformational changes of the surface-bound protein molecules were 
studied by varying both pH and alcohol content. Studies were done when the cytochrome c was adsorbed 
onto silica nanoparticle surface before denaturant was added, as well as when denaturant was added to 
the protein before being adsorbed to nanoparticles. Spectroscopic results from these studies were 
compared in order to better understand interactions between cytochrome c and silica nanoparticles.  

 
COLL 172  

An oil in surfactant emulsion and waterless emulsions  

Abeer Al Bawab, Department of Chemistry, University of Jordan, P.O Box 13536, Amman 11942, 
Jordan, drabeer@ju.edu.jo  

An emulsion was prepared from hexadecane and a surfactant, Tween 80, (a commercial polyoxyethylene 
sorbitan mono-oleate) and the destabilization process was followed by visual observation of the 
separation of the emulsion aided by optical microscopy to estimate droplet size versus time. Then a 
series of water-less emulsions were prepared from hexadecane and a liquid surfactant, and their stability 
was compared.  

The emulsions had inferior stability and the destabilization was completed within a few days. All 
emulsions were highly unstable with separation into two emulsion layers within minutes. This initial 
separation was followed by a slow process to establish the final state of two clear liquids.  

The results showed the emulsion to destabilize with the flocculation step immediately followed by 
coalescence. The separation rate was unexpectedly at a level calculated from the sedimentation rate of a 
dilute emulsion. This result was not anticipated, considering the large fraction of dispersed phase and an 
assumption was made as to what counteracting factors may have affected the results. The well known 
rule of propensity for the continuous phase being the one with preferential solubility of the surfactant was 
not observed;the continuous phase was decided entirely by the relative amounts of the two liquids.  

 
COLL 173  



Analysis of colloid nanoparticle suspensions via acoustic method  

Bair B. Damdinov1, Tuyana S. Dembelova2, and Badma B. Badmaev2. (1) Buryat State University, 
Smolina Str., 24A, Ulan-Ude 670000, Russia, bdamdinov@bsu.ru, (2) Buryat Scientific Center of RAS  

In this paper, we will present results of our studies on the shear properties of viscoelastic liquid materials 
investigated by an acoustic resonance method. Suspensions of SiO2 nanoparticles and various organic 
molecules were subjected to these studies. The experiment was organized in such way, the drop of 
nanoparticles suspension was placed between X-18 cut piezoquartz resonator and solid cover-plate. The 
piezoquartz is performed tangential oscillations on resonance frequency (74 kHz). The liquid layer is 
undergoing the shear strain and excitation of the shear standing waves takes place. We found out the 
dependence of the parameters of the resonance curve of the piezoquartz and the thickness of the liquid 
layer. It allows us to find the visco-elastic parameters of studied suspension. Moreover, we were able to 
determine the real shear modulus and the angle of mechanical losses.  
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Analysis of the effect of nonpolar lipids on the milk fat globule membrane  

Charles R. Cabral1, Peter J. Krommenhoek2, Derek E. Gragson2, John P. Hagen III2, and Rafael 
Jimenez-Flores1. (1) Dairy Products Technology Center (DPTC), California Polytechnic State University, 
San Luis Obispo, San Luis Obispo, CA 93407, ccabral@calpoly.edu, (2) Department of Chemistry and 
Biochemistry, California Polytechnic State University, San Luis Obispo  

In order to study the role of non-polar lipids in the milk fat globule membrane (MFGM), we compared the 
monolayers formed from the entire MFGM lipid fraction and the polar lipid fraction of bovine buttermilk 
powder in Langmuir-Blodgett (LB) films by atomic force microscopy (AFM). MFGM lipids are naturally 
heterogeneous in composition and the non-polar lipid fraction is mostly composed of triacylglycerols. The 
entire lipid fraction was collected and the polar fraction of those lipids was isolated via solid phase 
extraction (SPE). Prior to deposition, the phase behavior of the LB films was studied via surface pressure 
– area compression isotherms of each lipid fraction, and the monolayers were transferred onto mica at 
various surface pressures and temperatures. The removal of non-polar lipids yielded films of lower 
compressibility and microdomain formation indicative of solid-liquid phase separation at higher pressures, 
demonstrating that triacylglycerols may play an important role in membrane fluidity.  
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Barcoded nanowires: Surface chemistry for pathogen detection  

Sarah E. Brunker and Christine D. Keating, Department of Chemistry, The Pennsylvania State 
University, 104 Chemistry Building, University Park, PA 16802, Fax: 814-865-3292, seb317@psu.edu  

We are developing barcoded metallic nanowires as encoded particles for the multiplexed detection of 
nucleic acids. The nanowires are coated with DNA probes, where a different sequence is immobilized on 
each different nanowire striping pattern. When these probe-coated nanowires are mixed together, 
multiple pathogen-specific target strands can be detected simultaneously. Because the particle code is 
determined by the reflectance striping pattern, no fluorescence is necessary for labeling the particle, and 
the entire spectral window is available for the detection of DNA in the bioassay. Barcoded nanowires 
have previously been used for multiplexing in sandwich immunoassays and DNA hybridization assays. 
Currently, we are working on varying the surface chemistry to achieve optimal DNA performance in 
various types of bioassays used for pathogen detection. Rapid determination of multiple possible 



pathogens is important early on in decisions about how to care for patients, as bacterial and viral 
diseases require differing treatments.  

 
COLL 176  

Cellular uptake of neutral, anionic, cationic, and targeted PRINT hydrogel nanoparticles  

Patrick D. Pohlhaus, Stephanie E. A. Gratton, and Joseph DeSimone, Department of Chemistry, 
University of North Carolina at Chapel Hill, B-5 Venable Hall, Chapel Hill, NC 27599, pdp@unc.edu  

PRINT (Particle Replication In Non-wetting Templates) technology allows the straightforward fabrication 
of shape-specific, monodisperse nanoparticles of varying compositions. The availability of this new 
generation of custom tailored particles has rapidly created interest the field of nanomedicine for the use of 
these materials as vectors for the delivery of sensitive biological cargos and other therapeutic agents. 
Before the use of PRINT particles can realize full potential in vivo, the requirements for efficient cellular 
uptake and the compositional limitations that effect cytotoxicity must be known. The current study has 
explored these two aspects in vitro, with neutal and cationic poly(ethylene glycol)-based nanoparticles of 
varying charge densities. Representative cell lines have been surveyed and the uptake of monodisperse 
PRINT nanoparticles as a function of charge has been quantified. In addition, formulations of particles 
that cause effective cellular uptake but do not interfere with cell viability have been disclosed.  
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Characterization of alkyne-functionalized silicon surfaces  

Katherine E. Plass1, Patrick T. Hurley1, E. Joseph Nemanick1, Bruce B. Brunschwig2, and Nathan S. 
Lewis1. (1) Department of Chemistry and Chemical Engineering, California Institute of Technology, 1200 
E. California Blvd., m/c 127-72, Pasadena, CA 91125, kplass@caltech.edu, (2) Molecular Materials 
Research Center, Beckman Institute, California Institute of Technology  

Alkylation of silicon surfaces can slow undesired oxide formation, while creating an electrically conductive 
layer, which may improve optoelectronic device performance. Methylated silicon (111) surfaces in 
particular show improved chemical and electrical passivation when compared to hydride-terminated 
surfaces or those functionalized with larger alkyl groups, which is attributed to the complete coverage of 
the surface attainable by this small functional group. Thus, we have examined the extent of chemical and 
electrical passivation of silicon (111) surfaces functionalized with other groups, particularly propynyl and 
ethynyl, small enough to react with every atop silicon atom. Such alkyl-functionalized silicon surfaces 
have been produced by a two-step process involving chlorination of the hydride-terminated silicon 
surface, followed by reaction with Grignard or sodium salts. These surfaces were characterized 
spectroscopically; the oxidation resistance, surface recombination velocity measurements, and 
electrochemical properties were compared to that of the methyl and ethyl-terminated surfaces.  

 
COLL 178  

Characterization of Langmuir monolayers of phospolipids and oxysterol  

Jennifer Fraser and Alexa Serfis, Department of Chemistry, Saint Louis University, 3501 Laclede Ave., 
MH 125, St. Louis, MO 63103, Fax: 314-977-2521, slujen@yahoo.com  



Cholesterol aggregates with phospholipids and sphingolipids to form rafts in natural cell membranes. 
Rafts are membrane domains which participate in cell signaling and membrane transport. Replacement of 
cholesterol by alternate sterols such as oxidized cholesterol (or oxysterol) leads to cytotoxicity and 
numerous disease conditions. 25-Hydroxycholesterol is an oxysterol, and when incorporated into a 
membrane may affect membrane properties including raft formation, membrane fluidity, and cell signaling 
events. Langmuir monolayers were constructed from these chemicals and their physico-chemical 
properties were observed using fluorescence microscopy and pressure-area isotherms. Fluorescence 
microscopy images of oxysterol/phospholipid monolayers revealed more condensed films as pressure 
increased. The study indicates that the phase transitions for pure phospholipid and oxysterol/phospholipid 
were at a higher pressure compared to cholesterol/phospholipid films. Pressure-area isotherm studies 
showed that the mixed monolayers approach a calculated ideal isotherm, but were different compared to 
cholesterol. These differences in packing may be important for raft formation.  

 
COLL 179  

Charge effects on gold nanoparticle-based drug delivery  

Gang Han1, Byoung-jin Kim2, Apiwat Chompoosor1, Neil S. Forbes2, and Vincent Rotello3. (1) Department 
of Chemistry, University of Massachusetts Amherst, 710 North Pleasant St., Amherst, MA 01003, 
ghan@chemistry.umass.edu, (2) Department of Chemical Engineering, University of Massachusetts, 
Amherst, (3) Department of Chemistry, University of Massachusetts  

Functionalized gold nanopartcles represent attractive candidates for applications in drug delivery due to 
their dimensions, tunable surface functionalities on the surface and potential for controlled drug release 
via glutahione place exchange. To investigate the cellular uptake and payload release of these systems, 
a series of FITC conjugated gold nanoparticle with varying surface charge coverage has been 
synthesized. We found that increasing the degree of cationic charge on the surface increased both the 
efficiency of cellular uptake and the rate of payload release.  

 
COLL 180  

Chemically modified AFM tips for distinguishing nanoscale drug and block copolymer domains in 
biomedical coatings  

Jinping Dong and Greg D. Haugstad, Characterization Facility, Institute of Technology, University of 
Minnesota, 12 Shepherd Labs, 100 Union St. SE, Minneapolis, MN 55455, dongx033@umn.edu  

Atomic force microscopy (AFM) has been utilized to probe block copolymer phase segregation and drug 
distribution within drug-eluting stent coatings. Phase segregation in pure block copolymer films, following 
solvent-vapor annealing, has been examined by exploring parameter space in intermittent-contact AFM to 
distinguish surface (<1 nm) from near-surface (1-10 nm) morphology. Cryomicrotomy together with AFM 
phase imaging has been developed as a general method for depth profiling nanoinclusions (e.g., drug) in 
polymeric coatings. Using standard imaging procedures, drug and polymer domains exhibit minimal 
phase contrast and similar size. Chemically functionalized AFM tips have been explored as a general 
means to enhance the contrast of nanoinclusions in block copolymer matrices, via phase imaging in 
intermittent contact AFM and friction imaging in contact AFM. Octadecyltrichlorosilane (OTS) was used to 
hydrophobize the Si3N4 tips and direct oxidation was employed to hydrophilize the tips. It was found that 
modified tips greatly enhanced the phase contrast in tapping mode. With hydrophobic tips, imaging in 
contact mode was made possible and friction images were used to contrast the drug over polymer 
domains. The contrast enhancement was also observed on AFM height images with drug domains 
appearing 5 to 10 nm elevated over the polymer domains. The mechanism of the contrast enhancement 



with functionalized tips was further investigated in force volume measurement. It was found that modified 
tips were sensitive to the difference of the nanomechanical properties of the surface.  
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Click chemistry as an efficient method for chemoselective modification of tobacco mosaic virus  

Michael A. Bruckman1, Gagandeep Kaur1, Maisie Joralemon2, Todd Emrick3, and Qian Wang1. (1) 
Department of Chemistry and Biochemistry, University of South Carolina, 631 Sumter St., columbia, SC 
29208, bruckman@mail.chem.sc.edu, (2) Department of Polymer Science and Engineering, University of 
Massachusetts Amherst, (3) Department of Polymer Science and Engineering, University of 
Massachusetts, Amherst  

The quantitative covalent attachment of polymers, peptides and small molecules to nano-size particles 
remains a challenge. Here we show that a terminal acetylene group can be tailored to the tyrosine 
residue of tobacco mosaic virus (TMV), which can subsequently undergo a copper catalyzed 1,3-dipolar 
cycloaddition reaction, coined as “click” chemistry. A variety of molecules and functionalities can be 
attached on TMV efficiently. The MALDI-TOF MS spectrum indicates a near quantitative transformation of 
both reactions. The materials created from this modification have applications in nanoelectronics, optics, 
sensing, and cell regeneration. Ongoing research is being conducted on cell-binding studies and 
fluorescence imaging studies based on these results.  

 
COLL 182  

Clouding feature for water + betaine + poly(ethylene glycol) + Salt) quaternary mixtures  

Xiaoyan You, Wei Qin, Yuwen Ding, and Youyuan Dai, Department of Chemical Engineering, Tsinghua 
University, Beijing 100084, China, Fax: 86-10-62782748, qinwei@tsinghua.edu.cn, 
qinwei@tsinghua.edu.cn  

Could point extraction (CPE) is a separation method using the solubilization and clouding phase 
separation of surfactant, and used in preconcentrating sample in analysis process successfully, especially 
the nonionic surfactant system. Clouding can occur in mixtures of cationic and anionic surfactants, or with 
ionic surfactants plus an electrolyte. Zwitterionic surfactants also show clouding, but the clouding 
researche was reported seldom.  

   

Zwitterion surfactants, e.g. betaine, are widely used in textile industry and daily chemical industry as 
softening agent, antistatic agent, dyeing assistant and detergent.  

The present study aims is to investigate the clouding feature of water + zwitterionic surfactant (betaine) + 
poly(ethylene glycol) (PEG) + salt (NaCl). In the experiment, the dependence of cloud point on the 
concentration of betaine, PEG and NaCl as well as the degree of polymerization of PEG was measured, 
and PEG 2000, 4000, 6000, 10000 and 20000 were used. The results show that the cloud point of the 
quaternary system occurs at room temperature, and it is more sensitive to the degree of polymerization of 
PEG. For the clouding of this system, the more the degree of polymerization of PEG, the less the 
concentration of PEG used, and the concentration of PEG 20000 is about 50 g/L at clouding point.  
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CO adsorption on hydrated Ru catalysts  

Kathryn A. Layman1, Diana Gottschalk1, Erin A. Hinson2, and Neil Wood1. (1) Department of Chemistry, 
James Madison University, Harrisonburg, VA 22807, Fax: 540-568-7938, laymanka@jmu.edu, (2) 
Department of Chemistry, Werstern Carolina University  

Heterogeneous catalysis at solid-gas interfaces plays an important role in many industrial applications. 
For example, silica-supported metal (e.g. Ru) catalysts are used in the oxidization of aqueous organic 
contaminants, water-gas shift of CO to CO2, Fisher-Tropsch synthesis of alkanes, and fuel cell 
applications. Although chemical reactions at the solid-gas interfaces are important in several catalytic 
processes, few in situ studies have focused on investigating them in the presence of water. Our research 
efforts focus on using in situ attenuated reflection Fourier transform infrared (ATR-FTIR) spectroscopy to 
characterize the surface properties of silica-, alumina-, and NaY zeolite-supported ruthenium (Ru) 
catalysts in the presence of co-adsorbed water. Specifically, we are studying the adsorption of CO on 
these catalysts as a function of time, catalyst loading, and treatment. We observe three νCO absorbances 
at 2048, 1992, and 1927 cm-1. Our results indicate that these absorbance features are uncorrelated. 
Furthermore, the band positions and intensities depend on the amount of co-adsorbed water. Therefore, 
we have tentatively assigned the νCO absorbances at 1927, 1992, and 2048 cm-1 to Ru(CO)n (n ≥ 1), 
Ru(CO)Xm, and Ru(CO)nXm, respectively, where X represents co-adsorbed H2O, OH, O, Cl, and S 
species.  
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Complexation of fullerenes on a pentacene-modified Au(111) surface  

Yaw-Chia Yang and Yuh-Lang Lee, Department of Chemical Engineering, National Cheng Kung 
University, Tainan 70101, Taiwan, Fax: 886-6-2344496, n3895125@ccmail.ncku.edu.tw  

We have demonstrated a novel method to prepare ordered array of pentacene adlayer on Au(111) 
electrode by self-organization in benzene solution. Due to the electron-rich characteristic, the pentacene 
monolayer can act as a template to incorporate electron-accepting fullerenes, forming a stable 1:1 donor-
acceptor complex. The adsorbed structures of pentacene adlayer and C60/pentacene complexes on 
Au(111) were examined by in-situ scanning tunneling microscopy in an electrochemical system. The 
complex adlayer is stable between operational potential 0.35 and 0.9 V (RHE) and is able to be de-
complexed by selective removing the C60 through the action of a high tip potential. The STM 
investigation also confirms that the complexation is performed by forming a C60/pentacene/Au(111) 3D 
nanoarchitecture. STS analysis reveals a semiconductive characteristic on pentacene, and a rectifying 
behavior on the C60/pentacene complex. This is the first study preparing the ordered pentacene adlayer 
by self-assembly in liquid system.  
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Conducting probe atomic force microscopy measurements of 1, 4 phenyldiisocyanide based 
molecular wires  

Zeeshan Habeeb, Jorge A Boscoboinik, Tasneem A Siddiquee, Dennis W. Bennett, and Wilfred T. 
Tysoe, Department of Chemistry and Biochemistry, University of Wisconsin-Milwaukee, 3210 N Cramer 
St, Milwaukee, WI 53211, zhabeeb@uwm.edu  

A molecular-level wire made from alternating bis(1, 2-bis(diphenylphosphino) ethane) tungsten (0) 
centers linked by 1, 4-phenyldiisocyanide ligands is proposed. Aryl isocyanides coordinate with greater π 
back donation with Pt than with Au or Pd. π back donation ensures that π conjugation is preserved 
between the molecule and the electrode surface reducing contact resistance. The conduction of such 
molecular-level wires is tested using conducting probe atomic force microscopy under ultra-high vacuum 
conditions.  
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Controlled nanoparticle assemblies for modulating optical and magnetic properties  

Sudhanshu Srivastava1, Ayush Verma2, Benjamin L. Frankamp3, and Vincent Rotello2. (1) Department 
of Chemistry, University of Massachusetts, Amherst, MA 01003, (2) Department of Chemistry, University 
of Massachusetts Amherst, (3) Nanostructure and Semiconductor Physics Dept, Sandia National 
Laboratories  

Nanoparticles provide versatile tools for materials applications as they feature unique electronic, magnetic 
and optical properties associated with their core material. The present study utilizes the ‘bricks and 
mortar' method, where dendrimers and proteins were used as ‘mortar' and nanoparticles as ‘bricks'. Non-
covalent assembly mechanisms were used in investigating nanocomposite structures such as spacing, 
morphology, and achieving materials with tunable properties. The gold nanoparticles were synthesized 
and assembled with a series of PAMAM dendrimer generations and proteins (Chymotrypsin and 
Cytochrome C) providing a systematic increase in interparticle spacing. The modulation of optical and 
magnetic properties based upon the type of spacer was studied. In addition, we sought to incorporate 
inherent protein function into the nanoparticle ensembles, thereby greatly expanding the scope for 
development of new functional materials.  
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Critical brush density and critical salt concentration for polyelectrolyte brush at the air/water 
interface  

Hideki Matsuoka, Ploysai Kaewsaiha, Yoshiko Suetomi, and Tasuku Yamada, Department of Polymer 
Chemistry, Kyoto University, Katsura, Nishikyo, Kyoto 615-8510, Japan, Fax: 075-383-2599, 
matsuoka@star.polym.kyoto-u.ac.jp  

The ionic amphiphilic diblock copolymer monolayer on the water surface has a three-layered structure 
with hydrophilic layer on the water and the carpet and brush layers of hydrophilic segment under the 
water. The brush layer appears only when hydrophilic chain is long enough and brush density is high 
enough. In this study, a transition between doube-layerd and triple-layered structures was quantitatively 
investigated by X-ray reflectivity and it has been found that a "critical brush density" (cbd) for the transition 
exists. The cbd value was in the range from 0.4-0.1 chains/nm2 for weak polyelectrolyte brush and it 
decreased with increasing ionic hydrophilic chain length. On the other hand, the cbd for strong 
polyelectrolyte brush did not affected by ionic chain length. The nanostructure of strong polyelectrolyte 
brush layer did not affected by salt addition up to certain salt concentration (the critical salt concentration 



(csc). However, the brush shrunk above csc. This phenomenon could be interpreted by the difference 
between effective ion concentrations inside the brush layer and of the bulk. For weak polyelectrolyte 
brush, csc could not be found and the brush chains first expanded and then shrunk with increasing added 
salt concentration.  
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Crown-ether films as sensors for ions in solution  

Lesley E. Russell, Anne A. Galyean, and Michael C Leopold, Department of Chemistry, University of 
Richmond, Gottwald Science Center, Richmond, VA 23173, Fax: 804-287-1897, 
lesley.russell@richmond.edu  

Films of crown-ether-functionalized monolayer-protected clusters (CE-MPC) have the potential to 
selectively detect metal ions in solution. The ionophoric property of these novel colloidal films is of 
potential interest to the analytical chemistry community as sensory materials, with possible usage in both 
environmental and medical applications. A desire for air-stable clusters, rapid film growth, and an 
aqueous growth environment led us to explore film assemblies of thioctic acid stabilized MPCs (TA-
MPCs) electrostatically linked by poly-L-lysine chains. Unlike many other aqueous nanoparticle films, the 
TA-MPCs networked with poly-L-lysine are stable for longer periods of time and maintain a flexibility 
required for potential sensing applications. Functionalization of the MPCs with metal sensitive CE 
moieties remains a challenge. Several functionalization procedures have been explored including 
systematically altering the amount and timing of how the CE moieties are introduced into the film 
assembly. All films are tested specifically for a reproducible and selective response to aqueous potassium 
ions, an analyte critical to many physiological events.  
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Delivery of proteins to a protein-patterned surface  

Dengli Qiu, Department of Biological, Chemical, and Physical Sciences, Illinois Institute of Technology, 
Life Sciences Bldg. R348, 3101 S. Dearborn St., Chicago, IL 60616, qiu@iit.edu, and Rong Wang, 
Department of Biological, Chemical and Physical Sciences, Illinois Institute of Technology  

We have established a novel assay which allows a protein to be delivered to its binding partner at a 
desired location, followed by imaging at a high resolution. In this work, we demonstrated its application on 
a protein patterned surface. Protein patterning was achieved by conjugating human anti-IgG onto a gold-
coated substrate, which was pre-modified by N-hydroxysyccinimidyl-11-Mercapto-undecanoate and (1-
Mercaptoundec-11-yl)-hexa(ethylene glycol) via micro-contact printing. A newly synthesized photo-
cleavable crosslink was used to conjugate IgG at the apex of a gold-coated AFM probe. Force maps 
collected using such tips highlighted the distribution of anti-IgG at the patterned areas. When positioning 
the tip at a selected area, protein delivery was achieved upon the irradiation of the tip with 330 nm light 
due to the photolytic reaction of the cross-linker. This work laid the foundation for our future study of cell 
response to local ligand-receptor interactions on live cells.  
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Density functional theory calculations for the hydrogen evolution reaction in an electrochemical 
double layer on the Pt(111) electrode  



Egill Skúlason1, Gustav Karlberg1, Jan Rossmeisl1, Thomas Bligaard1, Jeffrey P Greeley2, Hannes 
Jónsson3, and Jens K. Nørskov1. (1) Center for Atomic-scale Materials Design, Technical University of 
Denmark, Department of Physics, Building 307, DK-2800 Lyngby, Denmark, egillsk@fysik.dtu.dk, (2) 
Center for Nanoscale Materials, Argonne National Laboratory, (3) Faculty of Science, VR-II, University of 
Iceland  

Density functional theory calculations are presented for a Pt(111) slab with a bilayer of water, protons 
dissolved in the water layer, and excess electrons in the metal surface. In this way we model the 
electrochemical double layer at a platinum electrode. By varying the number of hydrogen atoms added to 
the water layer, which results in the formation of solvated protons and transfer of electrons to the metal 
slab, we can study the system as a function of the electrical potential as deduced from the calculated 
work function. We study the elementary processes involved in the hydrogen evolution reaction (2(H+ + e-) 
-> H2) and determine the activation energy and predominant reaction mechanism as a function of 
electrical potential. The results are found to be in good agreement with experimental data and give a 
detailed molecular level description of the hydrogen formation process.  
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Deposition and aggregation of aspirin on lipid bilayer  

Hitesh Handa1, Guangzhao Mao1, and Helmuth Möhwald2. (1) Department of Chemical Engineering and 
Materials Science, Wayne State University, 5050 Anthony Wayne Drive, Detroit, MI 48202, 
hiteshhanda@wayne.edu, (2) Max Planck Institute of Colloids and Interfaces  

This is an AFM study of acetylsalicylic acid (aspirin) molecular interactions with 
dimyristoylphosphatidylethanolamine (DMPE) monolayer. Drug effects and actions are influenced by drug 
solubility and its interactions with membranes. Both in vivo and in vitro dissolution rates of aspirin depend 
on its crystal habit, which materializes during recrystallization in organic solvents. Aspirin recrystallization 
in hexane yields needle crystals, which dissolve much faster than plate-like crystals recrystallized in 
ethanol. DMPE monolayer is spin coated on graphite, forming an amphiphilic pattern because of the 
epitaxy match between the alkyl chains of the lipid and graphite lattice. Such molecular pattern is used to 
study aspirin interactions with DMPE at the molecular level with AFM. Aspirin crystallizes readily on the 
DMPE template but not on graphite. Aspirin molecular interactions with the hydrophobic part of the DMPE 
bilayer stripe not only induce aspirin nucleation but also change the aspirin habit from plates to needles.  

 
COLL 192  

Design and fabrication of size-tunable porous electrode nanoarchitectures for energy storage  

Amanda J. Barrow, Justin C. Lytle, Alex N. Capecelatro, Anne E. Fischer, Jeffrey W. Long, and Debra R. 
Rolison, Surface Chemistry Branch, Naval Research Laboratory, Code 6170, 4555 Overlook Avenue SW, 
Washington, DC 20375, barrowa@union.edu  

Electrode nanoarchitectures with an aperiodic, three-dimensionally interconnected network of mesopores 
and macropores have been synthesized in such electrically conducting forms as carbon and manganese 
oxide. Control of the pore structure is critical when these materials are used as platforms for solid-state 
capacitor and battery devices with high mass- and area-normalized energy and power densities. We 
developed solvent extraction and drying schemes that minimize surface tension to produce sol–gel-
derived manganese oxide ambigels with mean pore sizes up to 30 nm; supercritical fluid extraction was 
not necessary to prepare these materials. Likewise, we developed fabrication techniques to prepare 
macroporous carbon foams with submicrometer pore sizes by vacuum infiltrating resorcinol–
formaldehyde (RF) monomer solutions into carbon fiber papers; the impregnated RF is cross-linked at low 



temperatures and then pyrolyzed under flowing argon to yield a pearl-necklace morphology of carbon that 
is supported by the matted carbon fiber network. Macropores within the porous RF–carbon skeleton are 
further enlarged by decreasing the weight fraction of RF in the monomer solution.  

 
COLL 193  

Determination of the structures and protonation states of surface phosphate complexes formed 
on aluminum oxides from their characteristic adsorption behaviors  

Xiao Huang1, Gregory D. Foster1, Robert V. Honeychuck2, and John A. Schriefels1. (1) Department of 
chemistry and biochemistry, George Mason University, Fairfax, VA 22030, xhuang1@gmu.edu, (2) 
Department of Chemistry and Biochemistry, George Mason University  

This study attempts to develop a dominant behavior analysis approach to relate the types and protonation 
states of surface phosphate complexes formed on an Al oxide to macroscopic adsorption behaviors. We 
develop two surface complexation models – one for phosphate being adsorbed as a monodentate 
complex and the other as a bridging bidentate complex. We then simplify the models into single term 
equations and identify characteristic adsorption behaviors for the cases that phosphate is adsorbed solely 
as di-, mono-, and de-protonated monodentate complexes or mono- and de-protonated bidentate 
complexes, respectively. Based on whether and the order in which these characteristic adsorption 
behaviors are observed, we can then determine the types and protonation states of surface P complexes. 
We have experimentally observed the following three characteristic behaviors for P adsorption on 
alumina: 1) an adsorption maximum at pH 4.0-4.5 at final P concentration of > 200 µmole l-1; 2) a plateau 
from pH 3.5 to 6.5 at final P < 100 µmole l-1 and an adsorption maximum at pH 5.5 at the extremely low 
concentration of 10 µmole l-1; and 3) intersection of adsorption isotherms at the pH ranges of 2.5-4.5 and 
5.5-6.5. We have linked Behavior 1 to the phosphate being adsorbed as di-protonated monodentate 
complex; Behavior 2 to the adsorption as mono- and de-protonated monodentate complex; and Behavior 
3 to the transition of phosphate from being adsorbed as di-protonated to mono-protonated monodentate 
complexes. Our analyses indicate that phosphate is adsorbed as a monodentate rather than a bridging 
bidentate complex; the three surface P complexes that have been spectroscopically identified are di-, 
mono-, and de-protonated monodentate complexes, respectively.  

 
COLL 194  

Developing chemically modified electrodes for bioelectrocatalysis  

Michelle Watt and Shelley D. Minteer, Department of Chemistry, Saint Louis University, 3501 Laclede 
Ave., St. Louis, MO 63103, wattm@slu.edu  

Nafion was modified by mixture casting Nafion with alkyl trimethyl ammonium bromide salts and 
resuspended as a 5% by weight mixture in ethanol. It has been shown that hydrophobically modified 
micellar polymers alter the transport properties to the electrode surface as a function of size and charge 
of redox species. It has been shown in previous research that altering the hydrophobicity of the Nafion 
membranes has an effect on the enzyme activity of alcohol dehydrogenase, aldehyde dehydrogenase, 
formate dehydrogenase, glucose dehydrogenase, formaldehyde dehydrogenase, and lactic 
dehydrogenase, resulting in a more optimal membrane for enzyme immobilization. The use of an electron 
mediator at the reaction surface is necessary for electron transfer between the enzyme and the electrode. 
The previous study of dehydrogenases with NAD+ made use of methylene green as a mediator. This 
research observes metal complexes as an electron mediator for use with enzymes such as: superoxidase 
dismutase, catalase, and biliruben oxidase.  



 
COLL 195  

Development of microemulsion templates for formation of metal microstructures  

Renee L. Woo1, Jason Manning2, Brenda O'Neal2, Leigh MacKenzie2, Roger Campbell1, and Martin G. 
Bakker2. (1) Department of Chemistry, The University of Alabama, Box 870336, Tuscaloosa, AL 35487-
0336, bamawooski@gmail.com, (2) Department of Chemistry and Center for Materials for Information 
Technology, The University of Alabama  

Porous electrodes with high surface area and low weight are important in a variety of applications. There 
are relatively few general methods for forming microstructured metal films on porous electrodes. We have 
investigated the ability of Tween based microemulsions to act as templates for electrodeposition of 
microstructures. It found that electrodeposition of nickel over a wide range of conditions lead to 
microstructured thin films on both planar and three-dimension electrodes. Electrodeposition of both cobalt 
and copper did not result in formation of a microstructured film. This is believed to reflect a competition 
between metal growth and rearrangement of the microemulsion. It was found to be possible to control the 
average size of the microstructure by selection of appropriate microemulsion composition. Electron 
Microscopy was used to determine the effect of plating voltage and microemulsion composition on the 
diameter of the micropores and on the distribution of micropore sizes.  

 
COLL 196  

Effect of drug solubilized in a novel cubic nanostructure  

Rivka Efrat1, Abraham Aserin1, Deborah E. Shalev2, Roy E. Hoffman3, and Nissim Garti4. (1) Casali 
Institute of Applied Chemistry, The Hebrew University of Jerusalem, Jerusalem, Israel, Fax: 972-652-
6202, gchem@pob.huji.ac.il, (2) Wolfson Centre for Applied Structural Biology, The Hebrew University of 
Jerusalem, (3) Department of Organic Chemistry, The Hebrew University of Jerusalem, (4) Casali 
Institute of Applied Chemistry, Hebrew University, Jerusalem, Israel  

The binary phase diagram of GMO/water reveals the formation of two major lyotropic mesophases that 
have been extensively studied. Adding short-chain alcohol (ethanol, propanol and butanol) to a mixture of 
various compositions formed one large isotropic micellar phase (the L phase) and two small confined 
lyotropic regions termed the L3 sponge phase and the QL (micellar cubic). The QL phase is a new 
mesostructure. It was shown that while the cubic phase is highly viscous the QL phase is fluid and, it 
displays unique physical properties. It is fully transparent (not tinted), non-birefringent, and very stable at 
room temperature (samples were stored for over 8 months with no physical changes). The phases were 
investigated by cryo-TEM, SAXS and self-diffusion NMR. The structure it has primitive cubic symmetry 
and is discontinuous micellar phases rather than a bicontinuous one. The QL phase was further dispersed 
in water containing amphiphilic copolymer (Pluronic 127) to form cubic nanoparticles that we termed 
micellosomes. The effect of solubilization of water-insoluble drugs like, diclofenc (DCF), at different 
concentrations (0.1, 1, 3, and 10 wt%) in the QL phase was investigated by SAXS, rheological 
measurements, and NMR (self-diffusion and relaxation) measurements. The rate of percutaneous 
penetration through rat skin of these structures is significantly higher than that of the commercial drug. 
The composition that shows the best penetration was QL with 1 wt% DCF.  

 
COLL 197  

Effect of potassium perfluorooctanesulfonate, perfluorooctanoate and octanesulfonate on the 
phase transition of dipalmitoylphosphatidylcholine (DPPC) bilayers  



Wei Xie, Department of Occupational and Environmental Health, The University of Iowa, 100 Oakdale 
Campus, #124 IREH, Iowa City, IA 52242, Fax: 319-335-4290, wei-xie@uiowa.edu, and Hans-Joachim 
Lehmler, Department of Occupational and Environmental Health, University of Iowa  

Perfluorooctanesulfonic acid (PFOS) is an emerging, persistent environmental pollutant that may cause 
adverse effects by inhibiting pulmonary surfactant. To gain further insights in this potential mechanism of 
toxicity, we investigated the interaction of PFOS, perfluorooctanoic acid (PFOA) and octanesulfonic acid 
(OS) potassium salts with dipalmitoylphosphatidylcholine (DPPC)—the major component of pulmonary 
surfactant—using fluorescence anisotropy measurements. A linear depression of the main phase 
transition temperature of DPPC (Tm) and an increased peak width (∆Tw) was observed with increasing 
concentration of all three compounds, both using 1,6-diphenyl-1,3,5-hexatriene (DPH) and 1-(4-
trimethylammoniumphenyl)-6-phenyl-1,3,5-hexatriene p-toluenesulfonate (TMA-DPH) as fluorescent 
probes. PFOS caused an effect on Tm and ∆Tw at much lower concentrations because of its increased 
tendency to partition onto DPPC bilayers, i.e., K(PFOS) > K(PFOA) >> K(OS). The fairly drastic effect of 
PFOS on DPPC in both mono- and bilayers may be one mechanism by which PFOS causes adverse 
biological effects.  

 
COLL 198  

Effects of additives on the behaviors of viscoelastic surfactant systems  

Shaohua Lu, Department of Earth and Environmental Engineering, Columbia University, Room 911 
Mudd Building, 500 West 120th St, New York, NY 10027, sl2287@columbia.edu, Zhenqiang Wei, Akzo 
Nobel Chemicals, and P. Somasundaran, NSF IUCR Center for Advanced Studies in Novel Surfactants, 
Langmuir Center for Colloid and Interfaces  

Viscoelastic surfactants (VES) find use in many applications, such as in oil field as thickening fluids, in 
personal care as gelling agent, as well as in cleaning and fluids transportation. Acknowledge of the 
dependence of the macroscopic properties on the intermolecular interactions is important for controlling 
the performance of VES surfactants. A viscoelastic surfactant, tallowalkylamidopropyl dimethylamine 
oxides (TAPAO), was studied as a model system using rheometry and fluorescent spectroscopy. A good 
log-linear relationship between viscosity and shear rate was observed for this VES system. Divalent salt 
was found to be much more effective than monovalent salt for increasing the viscosity of the VES system. 
While one type of sugar based nonionic surfactant, dodecyl maltoside, was found to increase the viscosity 
slightly, anionic SDS, nonionic NP10 and cationic DTAC all decreased the viscosity remarkably. 
Fluorescence results indicate changes in micropolarity of micelles when the packing of surfactant 
molecules was disturbed.  

 
COLL 199  

Electrochemical and optical spectroscopic characterization of two-component self-assembled 
monolayers on gold surfaces  

Huiqing Liu, Tamer Ugur, and Curtis Shannon, Department of Chemistry and Biochemistry, Auburn 
University, #179 Chemistry Building, Auburn Univeristy, Auburn, AL 36830, liuhuiq@auburn.edu  

We report electrochemical and optical spectroscopic characterization of three mixed self-assembled 
monolayer systems: (1) monolayers containing alkanethiols of different chain lengths mixed with 
oligo(ethylene glycol) (EG4-SH) thiols; (2) monolayers composed of both electroactive (4-
aminothiophenol, 4-ATP) and electroinacitve (decanethiol, DT) species; (3) monolayers containing 
electroactive (4-ATP) and electroinactive (EG4-SH) species. Surface-enhanced Raman spectroscopy 
(SERS), coulometry and capacitance measurements were used to determine the macroscopic 



composition and the microscopic structures of these three mixed SAM systems. The adsorption isotherms 
of these mixed SAMs systems were not well described by the Langmuir isotherm model. Finally, these 
mixed monolayer systems can be used as templates for the formation of nanometer scale polyaniline 
arrays. More specifically, aniline can be oxidized in the presence of a mixed monolayer which contains 4-
ATP to form surface confined polyaniline nanostructures. The size and distribution of polyaniline features 
are characterized by atomic force microscopy (AFM) and compared by AFM images on two mixed SAM 
systems which are DT/ATP and EG4-SH/ATP.  
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Electrochemical DNA biosensor arrays using functionalized polystyrene films  

Madeline Díaz-Serrano1, Kennett Rivero-Rodríguez1, Arelys Rosado-Gómez1, Esther Vega-Bermúdez2, 
and Ana R. Guadalupe1. (1) Department of Chemistry, University of Puerto Rico, Río Piedras Campus, 
P.O. Box 23346, San Juan, PR 00931-3346, PR, diazmadeline@yahoo.com, (2) Department of Biology, 
University of Puerto Rico  

Salmonella is one of the most problematic food pathogens directly related with public health. Every year 
70 millions persons are infected and other 500 died in the USA. Detection of microorganisms like 
Salmonella with a precise and fast response using cost effective methods is very important. Our research 
objective is to build an electrochemical biosensor array to detect Salmonella. To accomplish this goal, we 
plan to use polystyrene-modified carbon electrode surfaces as the platform for the construction of nucleic 
acid sensors. We will anchor selected Salmonella genes (probes) onto these surfaces and hybridized 
them with their complementary sequences (targets). The hybridization reaction will be followed 
electrochemically using ferrocene labels. We will study the impact of the following variables on the array 
response: the polymer molecular weight (24, 48, 72 and 96 kg/mol), the length of the Salmonella probes, 
the length and nature of the target sequences, and experimental conditions such pH, ionic strength and 
temperature.  

 
COLL 201  

Electron transport in gold nanoparticle films investigated by scanning electrochemical 
microscopy  

Violeta Stoycheva and Dongil Lee, Department of Chemistry, Western Michigan University, 1903 W 
Michigan Ave, Kalamazoo, MI 49008, violeta.stoycheva@wmich.edu  

We present scanning electrochemical microscopy (SECM) studies of electronic conductivity in films of 1-5 
nm diameter gold nanoparticles. The gold nanoparticles are hexanethiolate monolayer-protected gold 
clusters (Au MPCs). Au MPCs of this size range are of particular interest because they represent the 
bulk-to-molecule transition region where electronic band energetics yield to quantum confinement effects 
and discrete electronic states emerge. These Au MPCs exhibit size-dependent optical and 
electrochemical properties as confirmed by UV-vis absorption, voltammetry, and transmission electron 
microscopy (TEM) measurements. In SECM measurements, the film conductivity has been extracted from 
the feedback currents collected as a function of the tip and the MPC film distance using different bulk 
concentrations of a redox mediator (ferrocene methanol). The conductivity appears to be dependent on 
the MPC core size, but the dependence becomes weaker with core size dispersity. The potential 
disordering effect on the film conductivity will be discussed along with the core size effect.  

 
COLL 202  



Encapsulation using hybrid nanoparticle-bionanoparticle assemblies  

Ravisubhash Tangirala1, Yunxia Hu1, Maisie Joralemon2, Thomas P. Russell1, and Todd Emrick3. (1) 
Department of Polymer Science and Engineering, University of Massachusetts at Amherst, Amherst, MA 
01003, Fax: 413-545-0082, ravi@mail.pse.umass.edu, (2) Department of Polymer Science and 
Engineering, University of Massachusetts Amherst, (3) Department of Polymer Science and Engineering, 
University of Massachusetts, Amherst  

The assembly of nanoparticles at the interface of immiscible fluids holds promise for the preparation of 
new materials that benefit from both the physical properties of the nanoparticles and the chemistry 
associated with the ligands. Crosslinking of nanoparticles at a liquid-liquid interface lends greater stability 
to the interfacial assembly, leading to ultrathin nanoparticle-based capsules, which possess mechanical 
integrity even after removal of the interface. Norbornene-functionalized CdSe/ZnS and bionanoparticles 
(e.g., virus nanoparticles) are used in this study to afford facile capsule visualization by fluorescence 
confocal microscopy, as well as ease of crosslinking in mild conditions by means of ring-opening 
metathesis polymerization (ROMP) using a unique amphiphilic ruthenium benzylidene metathesis 
catalyst. The crosslinked capsules display size-selective encapsulation capability, governed by the 
interstitial spaces between the nanoparticles, and their porosity can be further tuned by the addition of 
small amounts of uncrosslinkable nanoparticles prior to crosslinking.  

 
COLL 203  

Engineering structure and function of polymeric nanocomposites  

Hao Xu, Yuval Ofir, Tongxiang Lu, and Vincent M Rotello, Department of Chemistry, University of 
Massachusetts, Amherst, MA 01003, hxu@chem.umass.edu  

Metallic (e.g. Au) and semiconductor (e.g. CdSe) nanoparticles are versatile building blocks to create 
nanoscale materials due to their unique optical, magnetic and electronic properties. Polymers, on the 
other hand, provide attractive replacements for their inorganic counterparts in micro- and optoelectronics 
because of low processing temperature, flexibility, and rich functionalities. We established a modular 
approach for recognition-mediated assembly of nanoparticle with polymer and site-selective deposition of 
these nanocomposites onto patterned surfaces through lithography and printing. Polymer and 
nanoparticle are post-functionalized with molecular recognition dyads (i.e. diamidopyridine-thymine three-
point hydrogen bonding) and conjugated organic molecules. Recognition units promote the 
thermodynamically controlled aggregations and selective deposition on solid substrate, while conjugated 
molecules were attached as electron donors and acceptors to facilitate the electron transfer / mobility of 
resulted composite materials. This methodology, capitalizing on the tunability and processability of 
integrated organic and inorganic components, shows great potential in the fabrication of electronic 
devices.  

 
COLL 204  

Enzymatically synthesized polyaniline and polypyrrole colloids: An XPS, FTIR, and TEM study  

Rodolfo Cruz-Silva1, M. E. Nicho1, Jorge Romero-Garcia2, Selene Sepulveda-Guzman3, F. F. Castillon4, 
and M. H. Farias4. (1) Laboratorio de polimeros, Centro de Investigacion en Ingenieria y Ciencias 
Aplicadas, UAEM, Av. Universidad #1001, Col. Chamilpa, 62209 Cuernavaca Mor, Mexico, Fax: +52-777-
329-7984, rcruzsilva@uaem.mx, (2) Materiales Avanzados, Centro de Investigacion en Quimica 
Aplicada, (3) Texas Materials Institute, College of Engineering, The University of Texas at Austin, (4) 
Centro de Ciencias de la Materia Condensada, UNAM  



Polyaniline and polypyrrole colloids were prepared by enzymatic polymerization in dispersed media. 
Partially hydrolyzed poly(vinyl-alcohol), fully hydrolyzed poly(vinyl-alcohol), chitosan and poly(N-
isopropylacrylamide) were studied as steric stabilizers. The morphology of the resulting colloids was 
studied by TEM, whereas their bulk and surface composition were studied by FTIR and XPS 
spectroscopy, respectively. Aniline and pyrrole polymerization was carried out using horseradish 
peroxidase as catalyst and hydrogen peroxide as oxidizer. In order to oxidize the pyrrole, a redox 
mediator (2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) was added since pyrrole is not a 
substrate of the enzyme. Polyaniline and polypyrrole colloids of near-spherical shape with diameters 
ranging from 40 nm to 400 nm were obtained under different reaction conditions. Isolated colloids showed 
good colloidal stability in aqueous media. In addition, a “smart” behaviour was imparted to the colloids by 
using environmentally responsive polymers, such as chitosan and poly(N-isopropylacrylamide), as 
stabilizers, showing a pH- or temperature induced flocculation, respectively.  

 
COLL 205  

Fabrication and design of multifunctional nanoparticles  

Warefta Hasan, Jeunghoon Lee, and Teri W. Odom, Department of Chemistry, Northwestern University, 
2145 Sheridan Rd, Evanston, IL 60208, w-hasan@northwestern.edu  

This poster describes the design of multifunctional nanoparticles starting from Au nanopyramids. Using 
our PEEL procedure (which is based on soft nanolithography) followed by chemical etching of the 
template, we have generated Au pyramids that can absorb and scatter light in the near infrared region. 
We have functionalized the surface of the pyramids with single stranded-DNA, which can then be 
hybridized to its complementary strand attached to Au colloids. The colloids act as physical markers and 
are an important first step toward building functional, hierarchical nanostructures.  
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Facile fabrication of polymeric nanohair structures with high aspect ratio  

Dong Yun Lee, Dong Jin Ok, Dae Ho Lee, and Kilwon Cho, Department of Chemical Engineering, 
Polymer Research Institute, Pohang University of Science and Technology, Pohang 790-784, South 
Korea, Fax: +82-54-279-8298, nopuni@postech.ac.kr, kwcho@postech.ac.kr  

We present a very simple and highly reproducible fabrication method of nanopatterned polymeric 
surfaces on the near tens of nanometers length scale with controllable aspect ratios using surface 
modified anodized aluminum oxide (AAO) nanotemplates. To obtain well-defined polymeric nano-hair with 
high aspect ratio, we systematically controlled surface energy of AAO templates with a self-assembled 
monolayer. It is possible to reuse AAO nanotemplates after peel-off the polymeric replicas from them 
instead of etching template. We also demonstrated the superior wetting and adhesion properties of 
prepared nano-hair structured surfaces. It provides a simple route to mimicking nature's functional and 
complex surfaces such as lotus leaves and gecko's foot hair.  

 
COLL 207  

Formation and decomposition of C-3 metallacycles from ethylene and methylene on MoAl alloy 
thin films  



Feng Gao1, Yilin Wang1, and W. T. Tysoe2. (1) Department of Chemistry and Biochemistry, University of 
Wisconsin-Milwaukee, 3210 N. Cramer St., Milwaukee, WI 53211, fenggao@uwm.edu, (2) Department of 
Chemistry and Laboratory for Surface Studies, University of Wisconsin-Milwaukee  

The reaction between adsorbed ethylene and methylene species has been investigated on a 
molybdenum-aluminum alloy grown from Mo(CO)6 on a planar alumina film formed on a Mo(100) single 
crystal in ultrahigh vacuum. Di-sigma-bonded ethylene reacts with carbene species, formed on the 
surface from methylene iodide, to form a C-3 metallacycle. This predominantly decomposes to yield 
propylene, while a smaller portion yields cross-metathesis products since 12C13CH4 is formed from 
reaction between 13C2H4 and 12CH2. This work demonstrates for the first time that the reaction proceeds in 
heterogeneous phase via a C-3 metallacycle as proposed in the Herisson-Chauvin mechanism.  

 
COLL 208  

Formation of gradient morphology in emulsifier-free latex blend films of fluorinated ant fluorine-
free acrylate  

Yanjun Chen and Chaocan Zhang, School of Material Science and Engineering, Wuhan University of 
Technology, Luoshi Road 122, Hongshan District, Wuhan 430070, China, yanjunchen@mail.whut.edu.cn, 
polymers@mail.whut.edu.cn  

The emulsifier-free latex blends were prepared by poly(trifluoroethyl methacrylate) (PF3MA) and 
poly(butyl acrylate) (PBA) (5:3). The blend film formed under different conditions and was examined by 
contact angle goniometry, XPS, ATR-FTIR, and AFM. When the latex filmed on glass at room 
temperature, water contact angle of the film-air interface was close to that of film-glass interface, resulting 
from that PF3MA and PBA self-organized incompletely. AFM phase diagrams showed that PF3MA 
(Tg=79.4ºC) particles scarcely deformed at room temperature, while annealing helped PF3MA to film 
completely. The surface free energy of film-air interface decreased with prolonging the annealing time, 
indicating that annealing caused further migration of two blend components and the accumulation of 
PF3MA at the film-air interface. A gradient film formed after film annealing for 7h at 90°C. ATR-FTIR and 
XPS results indicated that PF3MA content gradually decreased from film-air interface lay to film-glass 
interface lay.  

 
COLL 209  

Functionalization of calcium aluminate ceramic surface with biologically active molecules  

Brian F. DiSalle1, Shelby Hott1, Ellen S. Gawalt1, and Kenneth A. McGowan2. (1) Department of 
Chemistry and Biochemistry, Duquesne University, 600 Forbes Avenue, Pittsburgh, PA 15282, 
brian_disalle@hotmail.com, (2) Westmoreland Advanced Materials  

Calcium aluminate ceramic is a castable, porous, mechanically strong material. In this study we are 
attempting to modify the surface of calcium aluminate to improve its qualities as a potential bone implant 
material. Calcium aluminate ceramic has been functionalized with long chain carboxylic acids with varying 
tail groups to facilitate the linkage of biologically active molecules. Antibiotics ampicillin and vancomycin 
have been linked to the surface via amide bonds using N-hydroxysuccinimide and carbodiimide coupling 
agents. Additionally RGDC peptide has been linked to the surface by functionalizing the tail end of the 
carboxylic acid with a maleimide group and using a maleimide-thiol interaction to link the peptide to the 
surface. Surface reactions were analyzed using diffuse reflectance infrared Fourier transform (DRIFT) 
spectroscopy.  
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Gemini surfactant capped CdSe/ZnS quantum dots as a bioprobe for cell imaging  

Haibing Li, Key Laboratory of Pesticide & Chemical Biology (CCNU), Ministry of Education; College of 
Chemistry, Central China Normal Univers, Wuhan 430079, China, lhbing@mail.ccnu.edu.cn  

Highly fluorescence and stable CdSe/ZnS quantum dots capped with gemini surfactant 
(bis(dodecyldimethylammonium) butane dibromide) were successfully synthesized in aqueous solution, 
which were characterized by luminescence spectrometer, ultraviolet-visible spectrophotometer(UV-vis), 
transmission electron micrograph (TEM). This water soluble quantum dots were developed as bioprobes, 
which were highly biocompatible and photostable, and have been proven to be suitable for live cell 
imaging.  
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Generation and characterization of multi-component protein patterns  

Taeyoung Kim, Department of Biological, Chemical and Physical Sciences, Illinois Institute of 
Technology, Life Science Building R348, 3101. S. Dearborn St., kimtaey@iit.edu, and Rong Wang, 
Department of Biological, Chemical and Physical Sciences, Illinois Institute of Technology, Life Sciences 
Building, R 164, 3101 Dearborn St., Fax: 312-567-3494, wangr@iit.edu  

Micro-contact printing is an effective approach for pattern generation. In this work, we applied it for 
achieving protein patterns. Parallel stripes of anti-human IgG was stamped on a gold-coated silicon 
wafer, which was pre-modified by N-Hydroxysuccinimide whose functional terminal allows for protein 
conjugation. The rest area was back-filled by BSA. Characterized with an AFM, the changes of height 
difference at the patterned and un-patterned areas following each step provided the evidence of 
successful patterning. When such a surface was incubated with human IgG, height elevation was 
selectively achieved at the anti-IgG patterned areas, indicating the patterned anti-IgG maintained its 
bioactivity. Similar to this approach, we subsequently patterned human IgG and mouse IgG along two 
distinct directions, and back-filled the rest areas with BSA. The successful patterning was confirmed by 
AFM studies. The approach of multi-component protein patterning is simple and effective, and provides 
an alternative way for protein engineering.  
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Growth and surface modification of silicon-filled nanopits on highly oriented pyrolytic graphite 
(HOPG): Parallels with surface chemistry of single crystalline silicon  

T. R. Leftwich, S. P. Sullivan, X. C. Zhang, T. P. Beebe Jr., and A. V. Teplyakov, Department of 
Chemistry and Bichemistry, University of Delaware, Newark, DE 19711  

The growth and modification of silicon-filled nanopits of ~30-150 nm in diameter on a surface of highly 
oriented pyrolytic graphite (HOPG) has been investigated. The modification of these silicon 
nanostructures is compared to the chemistry of clean and hydrogen-terminated single crystalline silicon 
substrates. A combination of multiple surface analytical spectroscopic and microscopic techniques along 
with density functional theory (DFT) was used to investigate the modification of both the silicon substrates 
and silicon nanostructures. The HOPG pits and silicon nanostructures can be patterned on the 
micrometer scale and have controlled depth, diameter, and density. Silicon nanostructures can be 



manipulated to form well-defined rings and mesas, with negligible oxygen contents. Modification of these 
silicon-based substrates using condensation and cycloaddition reactions with aromatic compounds as 
well as self-assembly of amino-terminated molecules amenable for further surface modification will be 
discussed.  
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High-throughput synthesis of colloidal particles with anisotropic properties and their DNA 
directed assembly  

Jun Hyuk Moon1, Anthony J. Kim2, John C. Crocker2, and Shu Yang1. (1) Department of Materials 
Science and Engineering, University of Pennsylvania, 3231 Walnut St. LRSM, Rm. 204, 
junh@seas.upenn.edu, (2) Dept. of Chemical and Biomolecular Engineering, University of Pennsylvania, 
220 S. 33rd St., jcrocker@seas.upenn.edu  

There is increasing interest in the synthesis of colloidal particles that have anisotropic properties in both 
shape and surface chemistry. Much progress has recently been made in methodologies to prepare 
anisotropic particles. However, it often requires sophisticated techniques and multiple-step procedures to 
synthesize nonspherical particles on particle-by-particle basis, which greatly limits practical application of 
these anisotropic particles. Here we demonstrate a flexible, high-throughput synthesis of anisotropic 
colloidal system (~10^8 particles in single exposure) using interference lithography. Such synthesized 
anisotropic “building blocks” possess uniform and monodispersed size ranging from submicron to a few 
microns, and a variety of shapes from disc-like to rod-like with an aspect ratio as high as 10. Such 
precision allows us to selectively grafting particles either through covalent bonding or physical grafting 
with a wide range of chemistry and functionality. Specifically, we will discuss DNA-directed assembly and 
end-functionalization of the rod particles.  

 
COLL 214  

Horizontal opals and vertical substrates: The role of the liquid-air interface in vertical deposition  

Robert G. Shimmin, Alexander J. DiMauro, and Paul V. Braun, Department of Materials Science and 
Engineering, University of Illinois at Urbana-Champaign, 1304 W. Green St., Urbana, IL 61801  

In a stagnant colloidal suspension, evaporating fast enough so that the liquid-air interface falls faster than 
the sedimentation velocity of the suspended particles, particles become concentrated at and just beneath 
the falling interface. We present reflectance spectra of such interfacial colloidal deposits formed from 1-
micron diameter polystyrene spheres in water, showing that when the evaporation rate is high enough, 
they can form highly reflective, well-ordered colloidal crystals. In contrast to this case, when evaporation 
is slow, and the interfacial deposit is formed primarily by the buoyancy of the suspended particles in 
heavy water, the interfacial deposit remains poorly reflective and poorly ordered. The formation of these 
interfacial colloidal crystals is relevant to the self-assembly of polymer spheres into close-packed opals by 
vertical deposition. Using a vertical deposition apparatus designed with the capacity to limit the downward 
velocity of the evaporating interface by infusing solvent into the bottom of the suspension, we explore the 
effect of various programs of interfacial motion on the thickness profile of the vertically deposited opal. 
We propose that the horizontal colloidal crystal formed at the water-air interface by evaporation is an 
important reservoir of colloids to be transferred to the substrate, but that significant rearrangement takes 
place as these particles are transferred to the vertical substrate.  

 
COLL 215  



Hyperthermal O+ induced etching of polyhedral oligosilsequioxane (POSS) monolayer and 
multilayer on Au(111)  

Xin Liu, Tochko Tzvetkov, and Dennis C. Jacobs, Department of Chemistry and Biochemistry, University 
of Notre Dame, 251 Nieuwland Science Hall, Notre Dame, IN 46556, xliu8@nd.edu  

A monolayer of mercaptopropylisobutyl-POSS on Au(111) is characterized by scanning tunneling 
microscope (STM). Ion induced modifications of the POSS monolayer are monitored in situ by X-ray 
photoelectron spectroscopy (XPS). During O+ exposure, isobutyl side groups are continuously depleted 
from the surface, while the silicon concentration is kept constant and SiO2 is formed on the Au substrate. 
Chemisorbed oxygen atoms on Au are observed after prolonged O+ exposure and can be removed by 
annealing at 1800C. The etching rate of the POSS monolayer is compared with that of a 
decanethiol/Au(111) self-assembled monolayer (SAM). Film composed of more than two layers of POSS 
starts to show self-passivation and a slowdown in O+ erosion rate.  

 
COLL 216  

I am GaN. GaN I am. Will I form a stable SAM?  

Christina Arisio and Marya Lieberman, Department of Chemistry and Biochemistry, University of Notre 
Dame, 251 NSH, Notre Dame, IN 46556, carisio@nd.edu  

Gallium nitride is a transparent wide-bandgap semiconductor of interest for biosensor applications. 
Surface functionalization is often useful in such applications, so comparisons of SAM formation and 
stability were made on GaN, GaAs, and SiO2. Gallium nitride, with a thin passivating layer of Ga2O3, was 
successfully functionalized with stearic acid and octadecyltrichlorosilane (OTS) self-assembled 
monolayers (SAMs). Water contact angles, atomic force microscopy, and x-ray photoelectron 
spectroscopy were used for characterization of the bare and functionalized surfaces. SAM stability was 
tested in air and in various solvents. OTS SAMs on GaN were stable in acetonitrile, but neither the stearic 
acid SAM nor the OTS SAM was stable on GaN in aqueous solvents. The stearic acid and OTS 
monolayers desorb after several days soaking in DI water. The OTS SAMs desorb after several hours to 
days in common buffer solutions, which is a concern for biological applications of derivatized GaN 
surfaces. Formation and removal of many SAMs on the same GaN chip resulted in pitting and other 
surface damage, thus further affecting monolayer formation and stability. Shown: Steps on bare GaN 
surface, RMS roughness of inset region is 0.112 nm, dark spots are dislocation sites.  

 

 
COLL 217  

Immobilization of enzymes in porous gold  

Olga V. Shulga1, Kenise Jefferson1, Maria Cristina Parlato1, Alexei V. Demchenko2, Jingyue Liu3, and 
Keith J. Stine1. (1) Center for Molecular Electronics and Department of Chemistry and Biochemistry, 
University of Missouri - Saint Louis, One University Boulevard, Saint Louis, MO 63121, Fax: 314-516-



5342, shulgao@umsl.edu, kstine@umsl.edu, (2) Department of Chemistry and Biochemistry, University of 
Missouri - Saint Louis, (3) Center for Molecular Electronics, University of Missouri - Saint Louis  

Nanoporous gold is an attractive nanomaterial because it combines features of high surface area with 
stability and the prospects for controlled modification by self-assembled monolayers. The high surface 
area and controllable pore size makes the material attractive as a support for the immobilization of 
biomolecules such as enzymes. Free standing porous gold pieces have been prepared by dealloying of 
10 kt gold in concentrated nitric acid. The material has been characterized using AFM and SEM, with both 
the external surface and internal cross-section of the material examined. The enzyme 
acetylcholinesterase has been immobilized inside the material and its activity and stability studied using 
the Ellman assay. The Km and Vmax parameters for the enzyme inside porous gold dealloyed for 
different periods of time have been determined from Michaelis-Menten plots. Immobilization of the 
enzyme alkaline phosphatase has also been studied inside the porous gold material using p-nitrophenyl 
phosphate as a substrate.  

 
COLL 218  

Imparting size control on materials for nanomedicine: An assessment of the effect of PRINT 
particle size on in vivo biodistribution  

Stephanie E. A. Gratton1, Patrick D. Pohlhaus1, Jin Lee2, Moo J Cho2, and Joseph M DeSimone1. (1) 
Department of Chemistry, University of North Carolina at Chapel Hill, B-5 Venable Hall, Chapel Hill, NC 
27599, gratton@email.unc.edu, (2) School of Pharmacy, University of North Carolina at Chapel Hill  

PRINT particles are polymer-based monodisperse particles made with complete control over the chemical 
composition of the matrix, the shape and size of the particles, and the modulus. These particles also have 
the ability to carry a wide variety of cargos, to be easily functionalized, and are amenable to different 
dosage forms. Particle Replication in Non-Wetting Templates (PRINT) technology therefore provides a 
unique opportunity to asses the effects of each parameter on the particle interaction with various 
environments. From this, many exciting opportunities for the design of novel drug carriers, gene delivery 
systems, and imaging agents can be envisioned. Using this novel technology, a murine pharmacokinetic 
study, examining the effect of size on the biodistribution of PEG-based PRINT particles was evaluated. 
To facilitate in vivo tracking of the PRINT nanogels, a fluorophore was used. The data demonstrated that 
the hydrodynamic radius of the nanogels had a significant effect on the biodistribution.  

 
COLL 219  

In situ monitoring of salt-induced disassembly of redox-sensitive DNA/poypeptide polyplexes  

Lei Wan1, Davika Soundara Mannickam2, and Guangzhao Mao1. (1) Department of Chemical 
Engineering and Materials Science, Wayne State University, 5050 Anthony Wayne Driver, Detroit, MI 
48202, ar3535@wayne.edu, (2) Department of Pharmaceutical Sciences, Wayne State University  

The salt-induced disassembly of DNA/polypeptide polyplexes was monitored in real time by Atomic Force 
Microscopy (AFM). Cationic polypeptides containing disulfide bonds in the backbone were used to 
condense plasmid DNA to form DNA polyplexes sensitive to redox potential gradients. The reducible 
polypeptides of a histidine-rich peptide (HRP: CKHHHKHHHKC) were able to fully condense DNA into 
mostly spheroidal polyplexes at the appropriate N/P ratio. The disassembly of individual polyplexes was 
visualized in real time by AFM in reducing dithiothreitol (DTT) at various ionic strength values. At 0.1 M 
NaCl concentration, the polyplexes expanded by not disassembled by DTT. At 0.2 M NaCl concentration, 
polyplexes disassembled and desorbed from substrate in 30 min. Further increase in salt concentration 
produced larger polyplexes and consequently it took longer for them to completely disassemble.  



 
COLL 220  

Influence of surface hydrophobicity on immobilized lipase activity  

Joseph A. Laszlo and Kervin Evans, National Center for Agricultural Utilization Research, USDA-ARS, 
1815 N. University St., Peoria, IL 61604, Fax: 309-681-6686, laszloja@ncaur.usda.gov  

Candida antarctica lipase B (CALB) has considerable commercial synthetic utility, particularly in the 
nonaqueous preparation of chiral pharmaceuticals, polymers and various bio-based materials. CALB is 
typically used in an immobilized form such as Novozym 435, in which the enzyme is non-covalently 
adsorbed to an acrylic bead. The effect of surface properties on immobilized CALB were examined. Gold 
surfaces were covered with self-assembled monolayers terminated with either methyl or hydroxyl groups 
(hydrophobic and hydrophilic surfaces, respectively). A quartz crystal microbalance and an atomic force 
microscope were used to determine the extent and orientation of CALB binding to each surface. 
Hydrolysis assays with immobilized CALB showed that the enzyme much preferred the hydrophobic 
surface, although protein coverage was similar for both types of surfaces. Although CALB is known not to 
display interfacial activation, as other lipases commonly do, surface hydrophobicity clearly impacts CALB 
orientation and activity to a positive extent.  

 
COLL 221  

Influence of the atom-surface potential for stability of commensurate monolayers on well-ordered 
surfaces  

Alexandre Tkatchenko, Nikola Batina, and Marcelo Galván, Departamento de Quimica, Universidad 
Autonoma Metropolitana-Iztapalapa, Av. San Rafael Atlixco 186, Vicentina, Iztapalapa, Mexico D.F, 
Mexico, sanix@ixil.izt.uam.mx  

A comprehensive analysis of different models for the atom(molecule)-surface potential is presented, with 
particular emphasis on the unequal-sphere packing (USP) model, recently developed in our group. The 
influence of the variation in the surface holding potential on the ordered hexagonal monolayer structures 
on (111) surfaces is analyzed. It is shown that the high-order Fourier terms of this potential are essential 
for the stabilization of high-order commensurate monolayer structures. The Fourier expansion of the 
atom-surface potential is presented for several real systems, such as I-Pt(111) and Xe on Pt(111) and 
Pd(111), where we show that the analysis of different Fourier amplitudes allows one to interpret the 
(commensurate) monolayer structures observed in experiments.  

 
COLL 222  

Influence of the shape of silver and gold nanoparticles on the surface-enhanced Raman scattering 
detection limit of biomolecules  

Anandhi Ray1, Gopala Krishna Darbha1, and Paresh Ray2. (1) chemistry, Jackson State University, 1400 
lynch street, Jackson, MS 39217, ana_ray@yahoo.com, (2) Chemistry, Jackson State University  

The surface-enhanced Raman scattering (SERS) enhancement properties of nanorods, nanoprisms, and 
nanospheres were compared. Our results indicate that SERS gain of each investigated nanostructures 
are highly dependent on their size and their shape. Results suggest that enhancement factors are few 
order of magnitudes higher for substrates that have plasmon band overlap with the excitation source than 
for substrates whose plasmon bands do not.  



 
COLL 223  

Interaction of potassium perfluorooctanesulfonate and perfluorooctanoate with 
phosphatidylcholine vesicle membranes: Fluorescence anisotropy study  

Wei Xie, Department of Occupational and Environmental Health, The University of Iowa, 100 Oakdale 
Campus, #124 IREH, Iowa City, IA 52242, Fax: 319-335-4290, wei-xie@uiowa.edu, and Hans-Joachim 
Lehmler, Department of Occupational and Environmental Health, University of Iowa  

Perfluorooctanoic (PFOA) and perfluorooctanesulfonic acid (PFOS) are environmental pollutants that may 
cause adverse effects by interacting with biological lipid assemblies. To gain further insights into these 
interactions, we investigated the interaction of PFOS and PFOA potassium salts with dimyristoyl- 
(DMPC), dipalmitoyl- (DPPC) and distearoylphosphatidylcholine (DSPC) using fluorescence anisotropy 
measurements. PFOA and PFOS caused a concentration dependent depression of the main phase 
transition temperature (Tm) and an increased peak width (∆Tw) for all three phosphatidylcholines. The 
effect of PFOS on Tm and ∆Tw was more pronounced compared to PFOA, most likely because of its 
higher tendency to partition into phosphatidylcholine bilayers. The changes in Tm did not depend on the 
chain length of the phosphatidylcholine; however, the extent of the increase in ∆Tw decreased from 
DMPC > DPPC > DSPC. These effects of PFOS and PFOA on model membranes may be one 
mechanism by which these compounds causes adverse biological effects.  

 
COLL 224  

Interaction of the disease-associated prion protein with quartz surfaces  

Xin Ma1, Debbie I. McKenzie2, Judd M. Aiken2, and Joel A. Pedersen3. (1) Department of Soil Science, 
University of Wisconsin - Madison, 1525 Observatory Drive, Madison, WI 53706, xma1@wisc.edu, (2) 
Department of Animal Health and Biomedical Sciences, University of Wisconsin - Madison, (3) 
Department of Soil Science and Molecular and Environmental Toxicology Center, University of Wisconsin 
- Madison  

The disease-associated prion protein (PrPSc) is an aberrantly folded isoform of a benign cell-surface 
glycoprotein and may constitute the infectious agent in transmissible spongiform encephalopathies. We 
previously demonstrated that the binding of PrPSc to mineral surfaces modulates prion infectivity and can 
influence transport in the environment. Here, we examine the contribution of Lifshitz-van der Waals, 
electrostatic and Lewis acid-base interaction on the attachment of PrPSc to quartz surfaces. Dynamic 
contact angle measurements were made using four liquids with varying acid-base properties for prion 
protein and quartz. Zeta potentials were calculated from electrophoretic mobility (prion protein) and 
streaming potential (quartz) measurements. Our results shed light on the mechanisms of prion interaction 
with quartz surface and have implications for prion fate and mobility in the environment.  

 
COLL 225  

Intracellular delivery of siRNA with PRINT nanoparticles  

Andrew J. Murphy1, John An2, Ashley L. Galloway1, Moo J Cho2, and Joseph DeSimone1. (1) 
Department of Chemistry, University of North Carolina at Chapel Hill, B-5 Venable Hall, Chapel Hill, NC 
27599, ajmurph@email.unc.edu, (2) School of Pharmacy, University of North Carolina at Chapel Hill  



PRINT or (Particle Replication In Nonwetting Templates) is an imprint lithography technique borrowed 
from the electronics industry that allows the fabrication of monodisperse, shape-specific organic 
nanoparticles. We are developing nanoparticles for the passive and active intracellular release of anti-
luciferase siRNA using poly(ethylene) glycol and disulfide crosslinked polyacrylate polymers. Successful 
intracellular delivery of siRNA to PC3 cells that express luciferase will result in the reduction of luciferase 
expression and total bioluminescence of the cells. Preliminary studies have focused on the stability of the 
siRNA cargo to radical polymerizations used in PRINT particles, and the characterization of release of 
siRNA from the nanoparticle. Further studies will focus on the optimization of particle compositions to 
maximize the intracellular activity of siRNA and demonstrate the viability of the “Trojan Horse” activated 
release mechanisms. Ultimately, this technology will used for the delivery of therapeutic siRNA for the in 
vivo treament of cancerous cells.  

 
COLL 226  

Kinetic investigation of glucose oxidase reaction with a surface tethered N-hydroxysuccinimide 
ester using surface plasmon resonance  

Alice A. Deckert and Hans Carlberg, Department of Chemistry, Allegheny College, Meadville, PA 16335, 
Fax: 814-332-2789, adeckert@allegheny.edu  

The steric requirements of the surface substitution of a tethered N-hydroxysuccinimide (NHS) ester with 
glucose oxidase were investigated for two different surface active site coverages (100% and 50%) using 
surface plasmon resonance (spr). The reaction kinetic profiles were well fit by a biexponential function 
corroborating the previously proposed two-step reaction mechanism in which the NHS group leaves 
affording a surface bound acylium ion in a slow step followed by fast attachment of glucose oxidase from 
solution. The rate constants for the formation of the acylium ion were equal to k1 = 1x10-3 ± 0.5x10-3 s-1 
for both surface coverages. However the rate constants for attachment of glucose oxidase (k2) varied 
significantly between 50% and 100% active site coverages. For 100% coverage, k2 = 377 ± 25 M-1s-1 
and for 50% coverage, k2 = 1100 ± 130 M-1s-1. This suggests that the attachment of glucose oxidase is 
affected by the steric availability of the active surface sites.  

 
COLL 227  

Label-free DNA detection using polydiacetylene-based fluorescent sensors  

Gil Sun Lee1, Eun Jin Kim1, Doo Ho Yang1, Jong-Man Kim2, and Dong June Ahn1. (1) Department of 
Chemical and Biological Engineering, Korea University, Anam-dong, Seongbuk-gu, 136-701, Seoul, 
South Korea, Fax: 82-2-926-6102, nanoeng@korea.ac.kr, (2) School of Chemical Engineering, Hanyang 
University (Korea)  

The conjugated polydiacetylene (PDA) supramolecules have attracted much interest as convenient and 
biological sensors due to their unique chromatic properties which are both the emission fluorescence 
changes from nothing to red and the color changes from blue to red in response to environmental 
perturbations. We developed a new approach for PDA-based fluorescent chemosensor systems (JACS 
2005, 127, 17580). In this study, we demonstrated that such fluorescent sensor systems can be applied 
to DNA detection. By using lethal factor DNA sequence of E. coli (15 base pairs), we obtained the 
sensitivity as low as 10 fM, even without any labeling procedure. This result is superior to vesicle solution 
case (~ 100 nM) by a factor of 107. In addition, our system was capable of differentiating single-base 
mismatch. These advantages can lead conventional polydiacetylene materials into microarray chips 
capable of screening sequence-selective multiple targets.  



 
COLL 228  

Lateral distribution of surfactants in waterborne pressure sensitive adhesive films: Theory and 
experiment  

C-H. Lei1, K. Ouzineb2, O. Dupont2, Alexander F. Routh3, VR. Gundabala3, SJ. Hinder4, and JL. Keddie1. 
(1) Department of Physics, School of Electronics and Physical Sciences, University of Surrey, Guildford, 
United Kingdom, c.lei@surrey.ac.uk, (2) Cytec Surface Specialties, (3) Department of Chemical 
Engineering, University of Cambridge, (4) Surface Analysis Laboratory, School of Engineering  

Pressure-sensitive adhesives (PSAs) adhere instantly and firmly under the application of light pressure 
without covalent bonding or chemical activation. In recent years, the use of waterborne polymer colloids 
(i.e. latex) for PSA manufacture has become more common. The presence and distribution of surfactants 
within waterborne PSAs can potentially have a profound impact on their optical clarity, failure mechanism 
and adhesive properties. In this work, the spatial distributions of ionic surfactant in acrylic film cross-
sections and laterally across the surfaces have been determined through a combination of atomic force 
microscopy and time-of-flight SIMS analysis. To determine the distribution of surfactant with confidence, a 
model system was used in which the only source of sodium was in the surfactant. "Islands" of high 
sodium concentration (hence surfactant rich) are reproducibly observed at the film/air interface when latex 
films are dried at room temperature. A correlation is found between the type of surfactant and the shape 
and size of the islands. The spacing between the surfactant islands, l, is found to increase with increasing 
film thickness and with increasing surfactant concentration. These results are found to be in general 
agreement with the predictions of a linear stability analysis.  

 
COLL 229  

Light-induced charge separation across bioinorganic interface  

Nada M. Dimitrijevic, Zoran V. Saponjic, and Tijana Rajh, Chemistry Division, Argonne National 
Laboratory, Argonne, IL 60439, dimitrijevic@anl.gov  

Rational design of hybrid biomolecule – nanoparticulate semiconductor conjugates enables coupling of 
functionality of biomolecules with the capability of semiconductors for solar energy capture. The particular 
challenge is to combine the intrinsic functionality of proteins (their binding, catalytical, optical, mechanical, 
or switching capabilities) with photoinduced charge separation in semiconductors. We have synthesized, 
assembled, and characterized biomolecule - titanium dioxide hybrids in solution and on solid support 
using enediol ligands, such as dopamine as conductive leads for wiring of proteins, oligonucleotides and 
carotenoids. Using an EPR technique we have demonstrated that in these hybrid structures the 
absorption of light by titanium dioxide results in instantaneous separation of photogenerated charges into 
two phases, the holes localize on biomolecules and the electrons delocalize in the conduction band of 
titania nanocrystallites. The spatial separation of charges and ensuing chemical transformations in 
biomolecules provide the means for light induced manipulation of their properties.  

 
COLL 230  

Liposomes with crosslinked polymer shells: A highly stable drug-delivery system  

Sang-Min Lee, Department of Chemistry, Northwestern University, 2145 Sheridan Rd., Evanston, IL 
60208-3113, smlee@northwestern.edu, Thomas V. O'Halloran, Department of Chemistry and Department 
of Biochemistry, Molecular Biology and Cell Biology, Northwestern University, and SonBinh T. Nguyen, 
Department of Chemistry and the International Institute for Nanotechnology, Northwestern University  



Liposomes have long been proposed as a platform to encapsulate drugs for the selected delivery to 
disease cells. Although such a delivery system has the potential to decrease the toxic side effects often 
associated with conventional small-molecule chemotherapy, to date there have been limited successes. 
This is due in part to the instability of liposomes, the lack of means to incorporate well-defined targeting 
ligands at the liposome surface, and the absence of specific drug-releasing triggers. To overcome these 
challenges, a cholesterol-end-functionalized poly(acrylic acid) (PAA) has been prepared via nitroxide-
mediated controlled radical polymerization and incorporated into the lipid bilayer membrane of liposomes 
via the cholesterol handle. This results in liposomes with surface-active carboxylate groups that can be 
crosslinked with telechelic poly(ethylene glycol) diamine linkers, thereby increasing the stability of 
liposomes. Additionally, the carboxyl groups also provide further opportunities to install the site-specific 
targeting ligands and drug-releasing triggers.  

 
COLL 231  

Low–energy electron–induced oligomerization of condensed carbon tetrachloride  

Lachelle D. Weeks1, Lin Zhu1, Marina Pellon1, David R. Haines1, and Christopher R. Arumainayagam2. 
(1) Department of Chemistry, Wellesley College, Wellesley, MA 02481-0223, lweeks@wellesley.edu, (2) 
Department of Chemistry, Wellesley College, 21 Wellesley College Road, Wellesley, MA 02481, 
carumain@wellesley.edu  

The low-energy electron-induced chemistry of condensed CCl4 has been investigated using post-
irradiation temperature programmed desorption. These experiments were partly motivated by the growing 
interest in developing facile and economical methods for decomposing CCl4 and other halocarbons which 
through widespread use in industry have become potent environmental pollutants. The experimental 
procedure involves low-energy (50 eV) electron irradiation (fluence < 2 x 1016 electrons cm-2) of 
nanoscale thin films (5 monolayers) of CCl4 grown at 100 K on a Mo(110) single crystal under ultrahigh 
vacuum (UHV) conditions. Results of post-irradiation temperature programmed desorption experiments 
were used to identify C2Cl4, C2Cl6, C3Cl6, C4Cl6, and C5Clx as low-energy electron induced reaction 
products of condensed CCl4. Two longer chain chlorocarbon oligomers with six or more carbons were 
also detected but not identified. Although low-energy electron-induced oligomerization reactions have 
been previously reported, the results presented herein represent the first study to specifically identify the 
products of such reactions, demonstrating the utility of post-irradiation temperature programmed 
desorption experiments to study the radiation chemistry of condensed matter.  

 
COLL 232  

Mechanism and growth kinetic study of gold nanoparticles  

Xiong Liu1, Qun Huo2, Qiu Dai2, and Jianhua Zou2. (1) Nanoscience Technology Center and Chemistry, 
University of Central Florida, 12424 Research Parkway Suite 422, Orlando, FL 32826, 
xiongliu@mail.ucf.edu, (2) Nanoscience Technology Center and Department of Chemistry, University of 
Central Florida  

The mechanis and growth kinetics of a gold nanoparticle synthesis using water as a single phase solvent 
and oleylamine as both reducing agent and monolayer protection agent were studied. FT-IR and 1H NMR 
spectroscopic analysis revealed a conversion of oleylamine ligands to oleylamides when gold (III) was 
reduced to gold (I) and gold atoms. UV-Vis absorption spectroscopy and transmission electron 
microscopic study show that oleylamine ligands formed large complex aggregates with gold salt upon 
mixing these two agents together. When heated to 80 oC, the complex decomposed first into very small 
fine particles and then the small particles recombined together into larger and thermally stable particles 
with an average core size around 9-10 nm. The oleylamide ligands stabilize the nanoparticles by forming 



a hydrogen bonding network aroud the nanoparticles. This structure differs significantly from 
alkanethiolate-protected gold nanoparticles.  

 
COLL 233  

Microwave-assisted rapid preparation of V-MCM-41 materials by hydrothermal synthesis  

Jun Qiang Xu, Wei Chu, and Shi Zhong Luo, Department of Chemical Engineering, Sichuan University, 
24,South Section 1,Yihuan Road,Chengdu,Sichuan, P.R.China, Chengdu, China, Fax: +86-28-85463870, 
lab230.scu.cn@163.com, lab230.scu.cn@163.com  

Microwave heating has lately become popular in the crystallization of materials such as zeolites and other 
inorganic materials, due to cleaner synthetic method and shorter crystallization time compared with the 
conventional method. The rapid synthesis of highly ordered V-MCM-41 was reported using microwave 
heating. The samples by microwave treatment and conventional heating remained the same mesoporous 
structure by XRD and N2 adsorption analysis. No obvious difference could be seen in isotherm and the 
resulting pore distribution. The samples had the same narrow and uniform pore diameter. The high 
surface area and uniform pore distribution of sample by 720 W microwave treatments for 8 min was the 
same as that of the conventional heating (110 oC for 12 h). The XRD analysis showed the same typical 
Bragg reflections of the hexagonal V-MCM-41 material by two methods. Compared with the conventional 
heating method, microwave treatment was economic and time saving.  

 
COLL 234  

Modification of the NIR signal of textile fabrics via colloidal self-assembly  

Christina M Diaz, Department of Fiber Science and Apparel Design, Cornell University, 289 MVR Hall, 
Ithaca, NY 14853, cmd83@cornell.edu  

The use of colloidal crystals for modification of textile surface reflectivity is reported. Polystyrene colloidal 
particles are deposited on cotton and nylon cotton blend fabrics via capillary forces and electrostatic 
forces. Tailoring of reflectivity in near-IR range is desirable in military camouflage applications in order to 
decrease detection by night vision devices.  

 
COLL 235  

Monolayer-protected nanoparticle film assemblies as platforms for protein monolayer 
electrochemistry: Interfacial adsorption considerations  

Andrew Loftus and Michael C Leopold, Department of Chemistry, University of Richmond, Gottwald 
Science Center, Richmond, VA 23173, Fax: 804-287-1897, andrew.loftus@richmond.edu  

Protein monolayer electrochemistry (PME) has proven to be an effective strategy for studying the direct 
adsorption and electroactivity of redox proteins, a topic of relevance to both biosensor technology 
development and fundamental electron transfer (ET) investigations. An important aspect of these 
strategies is engineering an optimum protein/electrode interface. Traditionally, PME systems have utilized 
specifically designed self-assembled monolayers to immobilize native protein onto the surface of an 
electrode. This type of PME system, while effective, has also been prone to certain limitations, including a 
lack of molecular level control at the electrode/protein interface that results in a dispersion of 
electrochemical properties. In this work, we have investigated using nanoparticles called monolayer 



protected clusters (MPCs) as a functional part of PME systems that directly address the limitations of 
traditional PME systems. As a test system, the ET protein cytochrome c has been adsorbed to an 
assembled multi-layer film of specifically engineered MPCs. Our goal was to be able to influence protein 
adsorption and function by manipulating the properties of the MPCs within the film.  

 
COLL 236  

Monolayer-protected nanoparticle film assemblies as platforms for protein monolayer 
electrochemistry: Signal-to-noise considerations  

Katey P Reighard, Chemistry, University of Richmond, Gottwald Science Center, Richmond, VA 23173, 
Fax: 804-287-1897, katey.reighard@richmond.edu, and Michael C Leopold, Department of Chemistry, 
University of Richmond  

The direct electrochemistry of surface confined redox proteins is an important concept for many 
bioanalytical based studies, including biosensor technology development and fundamental electron 
transfer models. In the past, self-assembled monolayer modified electrodes have been used to 
immobilize proteins that can be subsequently analyzed electrochemically, a technique known as protein 
monolayer electrochemistry (PME). In this work, we explore the feasibility of introducing specially 
designed nanoparticles called monolayer protected clusters (MPCs) into PME systems. To do this, we 
have adsorbed a simple redox protein, cytochrome c (Cc), to an assembled MPC film and performed 
cyclic voltammetry. A key component of PME is the effective discrimination of the background signal or 
charging current in order to achieve a well-defined voltammetric response of adsorbed Cc. Here we seek 
to link effective charging current reduction by altering the properties of the MPC film assembly, including 
ligand chainlength, core size, and linking mechanisms.  

 
COLL 237  

Monte Carlo simulation of microstructure of polyelectrolyte around oppositely charged macroions  

Dapeng Cao and Ran Ni, College of Chemical Engineering, Beijing University of Chemical Technology, 
Beijing 100029, China, Fax: +86-10-6442-7616, caodp@mail.buct.edu.cn  

We mainly investigate microstructures of polyelectrolytes/macroions complexations and the competition 
between small ions and polyelectrolytes coated on the surface of the oppositely charged macroions, as 
well as the effect of length and size of the polyelectrolytes on the competition. The studied systems are 
entirely different from those in the previous reports, in which most investigators used the cell model 
without periodical boundary conditions to consider the polyelectrolytes/macroions complexations. 
Furthermore, in the previous publications, no report was available for the competition between small ions 
and polyelectrolytes coated on the surface of oppositely charged macroions, and the effects of length and 
size of the polyions on the competition, as well as the interaction between two macroions. We believe that 
the studied systems are interesting and would provide some useful information for the experimental 
preparation of complexations.  

 
COLL 238  

Multi-dimensional nanoparticle assembly through supramolecular hydrogen-bonded scaffolds  

Sachin Kinge, Supramolecular Chemistry and Technology, MESA+ Institute for Nanotechnology, 
University of Twente, P.O. Box 217, 7500AE Enschede, Netherlands, s.s.kinge@utwente.nl, Mercedes 



Crego-Calama, Supramolecular Chemistry and Technology, MESA+ Institute of Nanotechnology, 
University of Twente, and David Reinhoudt, Supramolecular Chemistry and Technology, MESA+ Insitute 
for Nanotechnology, University of Twente  

Design and fabrication of functional nanoparticle assemblies with supramolecular hydrogen-bonded 
scaffolds is reported. The well-defined, self-assembled, multi-component, nanostructures based on 
“rosette” motifs offer excellent incentives. We investigate immobilization and controlled multi-dimensional 
arrangements of these molecular boxes on solid supports as well as in solution for their application as 
scaffolds for nanoparticle assembly. We present molecular level investigation and surface morphology of 
these nanostructures in solution and on surfaces. Further, these nano-constructions are utilized as self-
assembled scaffolds for attaching 'functional groups' or nanoparticles for constructing metal containing 
nanostructures of higher hierarchical order. Such templates can be employed as an alternative to usually 
applied supramolecular templates, for instance DNA strands and peptide nanotubes. These molecular 
boxes act as mediators for assembling metal nanoparticles in solution. Further, the molecular boxes act 
as receptors creating functionalized nanoparticle assemblies. Positioning and patterning of such 
functional nanostructures by self-assembly processes can realize the future molecular devices.  

 

 
COLL 239  

Nanoengineered halloysite tubules for controlled release of drugs and proteins  

Aadel A. Darrat1, Nalinkanth G. Veerabadran2, Shantanu S. Balkundi2, and Yuri M. Lvov3. (1) 
Department of Chemical Engineering, Institute for Micromanufacturing, Louisiana tech University, 911, 
Hergot Avenue, Ruston, LA 71272, aad020@latech.edu, (2) Department of Biomedical Engineeering, 
Institute for Micromanufacturing, Louisiana tech University, (3) Institute for Micromanufacturing, Louisiana 
Tech University  

Controlled release of drugs and proteins, using nanoengineered halloysite tubules prepared by simple 
mechanical techniques and layer-by-layer (LbL) assembly, is reported. Halloysite is alumina silicate clay, 
which demonstrates a hollow cylindrical geometry of 15 nm inner lumen diameter and of 1 micron in 
length. The negatively charged outer surface of the cylinder makes it possible to do LbL assembly of 
polyallylamine (PAH), polystyrene sulfonate (PSS), polyethyleneimine (PEI), and polyacrylic acid (PAA) 
with Zeta potential and QCM monitoring. The assembly of silica nanoparticles of 7 and 22 nm were also 
studied with TEM imaging. The loading and release of drugs and proteins are studied separately, and the 
combined loading and release of hydrophobic drugs and proteins or nanoparticles are investigated. The 
formation of organized nanoshell and nanoparticle stoppers at the opening ends of the halloysite is 
shown. These shells and stoppers provide new possibilities for controlled release of loaded materials.  

 
COLL 240  

Nanoparticle interfacial assembly using PEGylated gold nanoparticles  



Elizabeth Glogowski1, Ravisubhash Tangirala1, Jinbo He1, Thomas P. Russell2, and Todd Emrick2. (1) 
Department of Polymer Science and Engineering, University of Massachusetts at Amherst, 120 
Governors Drive, Amherst, MA 01003, lizg@mail.pse.umass.edu, (2) Department of Polymer Science and 
Engineering, University of Massachusetts  

Water-soluble, ligand-stabilized gold nanoparticles of approximately 2 nm core diameter have been 
synthesized in the presence of the ligand (1-mercaptoundec-11-yl)tetra(ethylene glycol). These 
PEGylated nanoparticles were found to assemble cleanly at the oil-water interface, giving droplets of oil in 
water with a monolayer of nanoparticles at the interface. The nanoparticle assemblies could be cross-
linked from the interior organic phase by reaction of the terminal hydroxyl groups of the ligand periphery 
to form more robust capsules. The effect of charge on droplet stability was investigated by varying the 
ligand composition to incorporate either positively or negatively charged ligand end groups. Assemblies 
were characterized by TEM, SFM, confocal microscopy, and pendant drop tensiometry.  

 
COLL 241  

Nanoparticle synthesis using porous polyelectrolyte thin films  

Hyung-Jun Jeong and Sung Yun Yang, Department of Polymer and Biomaterials Engineering, 
Chungnam National University, 220 Gung-Dong, Yuseong-Gu, Daejeon, South Korea  

Polyelctrolyte multilayers comprised of poly(allylaamine hydrochloride) and poly(acrylic acid) were 
assembled by layer-by-layer technique for metal nanoparticle syntheses. Using weak polyelectrolytes in 
LbL process, it is readily available to tune the deposited film properties by simple changing of the dipping 
solution pH. The PAH/PAA multilayer systems exhibit different surface morphologies and functionalities 
depending on the assembly conditions. We have studied porous PAH/PAA multilayer films to utilize the 
polymer thin films for nanoparticle synthesis. The reactive functional groups either remained after the film 
deposition or generated after a simple phase separation reaction allow further chemical reactions for 
nanoparticle synthesis. Cellular responses to the particle-hybrid multilayer films were also studied  

 
COLL 242  

Nanoparticle-based optical probes for chemical imaging  

Candace Thompson, Daniel Finley, Matthew Holt, Christopher J. A. Daley, and Steven R. Emory, 
Department of Chemistry, Western Washington University, 516 High Street, Bellingham, WA 98225, Fax: 
360-650-2826, thompsc5@cc.wwu.edu  

Abnormal chemical environments at the cellular and sub-cellular levels are the cause of many disease 
states. Thus, there is a need for the ability to measure localized chemical environments inside live cells in 
real-time. Molecular imaging has the potential to monitor both normal and abnormal biochemical and 
physiological parameters in individual biological systems. In this project, surface-enhanced Raman 
scattering (SERS) based optical probes are designed and tested to monitor metabolic species inside 
living cells. In this approach, a thin layer of gold is deposited onto a core of silica to form a metallic 
nanoshell and the SERS spectra of molecules adsorbed on the nanoshell surface are used monitor 
surrounding chemical environment. Findings from these studies and future biological applications will be 
discussed.  

 
COLL 243  



Nanoparticle-mediated refolding of thermally denatured proteins  

Mrinmoy De and Vincent M. Rotello, Department of Chemistry, University of Massachusetts at Amherst, 
710 North Pleasant Street, Amherst, MA 01003, mrinmoy@chem.umass.edu  

The rescue of misfolded proteins that are produced by in vitro or in vivo expression is an important issue 
in biotechnology. The conventional procedures of protein refolding involved the solublization of 
aggregated proteins by urea or guanidium chloride followed by refolding with various additives, pH 
environment and redox buffers. Recent advances in nanoparticles encouraged us to exploit these 
materials in protein refolding. In the present study, we have demonstrated that the thermally denatured 
chymotrypsin (ChT) can be refolded to its active form by a gold nanoparticle bearing dicarboxylate 
sidechains, as evidenced by activity assays. Circular dichroism studies were further conducted to assess 
the refolding extent of ChT and several positively charged proteins including papaine and lysozyme. 
Deconvolution analysis revealed that the α-helix and β-sheet components of the unfolded proteins 
significantly increase upon incubation with the nanoparticle, indicates substantial refolding.  

 
COLL 244  

Nanotechnology for colloidal chemistry  

Kyung M. Choi, Room 1C-352, Bell Laboratories, Lucent Technologies, 600-700 Mountain Avenue, 
Murray Hill, NJ 07974  

Since nanotechnology is the part of chemical domain and thus chemists can contribute to this technology 
by developing new materials, we present the synthesis of sol-gel colloidal particles by using novel 
microfluidic reactors specifically designed for microfluidic synthesis to take advantage of micro-scale 
mixing of colloidal reagents. The use of microfluidics offers a number of potential benefits over existing 
technology since chemical mixings and reactions run in microfluidic devices have high thermal and mass 
transfer rates with an opportunity to use more aggressive reaction conditions allowing for improved 
product yield. Moreover, high chemical homogeneity can be achieved by complex colloidal mixing. The 
microreactors may also be coupled to additional processing steps (i.e. multistep synthesis) and in some 
cases the product may be transported directly for integration into an application device or as part of an 
assay. The overall goal is to carry out all operations normally performed in a chemical laboratory including 
synthesis, processing, mixing, purification and analysis on one microfluidic reactors efficiently and 
economically using minute amounts of solvents and reagents.  

 
COLL 245  

Novel anionic gemini surfactants with sulfonic groups: Synthesis, surface properties, and 
application  

Chen Li, Jiping Yang, Yan Ding, and Gong Chen, School of Material Science and Engineering, Beihang 
University, Beijing 100083, China, jyang@buaa.edu.cn  

A series of novel anionic Gemini surfactants (III) with similar structure except connecting hydrocarbon 
length n (n is 1, 2, 3, or 4) were synthesized by three-step reactions based on nonylphenol(Scheme 1). 
The structrures were confirmed by FTIR, and 1H NMR spectroscopy. Their solution properties were 
characterized by equilibrium surface tension and steady-state fluorescence spectroscopy with pyrene. 
The surface tension measurements of the Gemini surfactants (III) give lower critical micelle 
concentrations (cmc), great efficiency in lowering the surface tension(C20), and strong adsorption at 
air/water surface compared with conventional monomeric surfactants. As expected, the measurements 
also shows that the cmc value of Gemini surfactants decreases with the increasing of connecting 



hydrocarbon length n. Furthermore the Gemini surfactant (III) was used in emusion polymerization of 
aniline as both surfactant and dopant, and high conducting polyaniline was obtained.  

 

 
COLL 246  

Novel synthesis of nanospheres by self-assembly of random copolymers in supercritical carbon 
dioxide  

Eri Yoshida and Akito Nagakubo, Department of Materials Science, Toyohashi University of Technology, 
1-1 Hibarigaoka, Tempaku-cho, Toyohashi 441-8580, Japan, Fax: +81-532-48-5833, 
eyoshida@tutms.tut.ac.jp  

We found novel synthesis of nanospheres by molecular self-assembly of poly[2-(perfluorooctyl)ethyl 
acrylate-ran-2-(dimethylamino)ethyl acrylate] random copolymers (P(POA-r-DAA)) using dicarboxylic acid 
in supercritical carbon dioxide. The nanospheres were obtained in the heterogeneous states at which the 
CO2 pressure was lower than the cloud point pressure. The nanospheres were formed through the 
noncovalent bond cross-linking of the electrostatic interaction between the amino group and the 
carboxylic acid. Based on the weak association, the nanospheres changed to unspecific forms as a result 
of increasing the CO2 pressure. On the other hand, the nanospheres were stable to an increase in the 
temperature. The particle size was ca. 800 nm and decreased with the DAA content in the copolymer 
decreasing. The nanospheres having the coronas of the perfluoroalkyl chains and the cores of the DAA 
with the dicarboxylic acid formed highly hydrophobic surface. The contact angle for the surface covered 
with the nanospheres was 165°.  

 
COLL 247  

Original height and compression elasticity of chloroplast DNA with contact and tapping atomic 
force microscope  

Jie Zhu1, Guodong Wang1, Bin Zhang2, and Daohua He3. (1) Department of Applied Physics, College of 
Science, Northwest A&F University, Yangling 712100, China, jiessy_zhu@126.com, (2) College of Life 
Science, Northwest A&F University, (3) College of Agriculture, Northwest A&F University  

DNA isn't only being the heredity material, but also may become the symboling stuff in future and provide 
innovational ideas for the future industry. And it has already got so many scientists' attention. As one kind 
of flagelliform biomolecules, the elasticity of DNA can be divided into three basic parts: stretching 
elasticity in portrait, compression elasticity in landscape orientation and restoration elasticity. For the 
moment, scientists' work mainly centralizes on the stretching elasticity of DNA in portrait with AFM, and 
has got exciting fruit. However, the exploration of the compression elasticity in landscape orientation is 
rare, and the authors have not encountered the direct data until now. We have reached the original height 
of chloroplast DNA with tapping AFM, 2.4 ±0.1nm,which is close to theoretic value; Secondly, reach the 



compression elasticity in landscape orientation with contact AFM through force curve, the Young's 
modulus value 0.65±0.15GPa.  

 
COLL 248  

pH Dependent clustering of PAA coated gold nanoparticles  

Tatsushi Isojima, Department of Chemical Engineering, Massachusetts Institute of Technology, 77 
Massachusetts Avenu, Room 66-325, Cambridge, MA 02139, Fax: 617-253-8723, isojima@mit.edu, and 
Alan Hatton, Department of Chemical Engineering, Massachusettes Institute of Technology  

Poly(acrylic acid) coated gold nano particles (PAA-AuNPs) have been investigated by zeta potential 
measurements, dynamic light scattering (DLS) and UV/visible spectroscopy at pH values from 10 to 2. 
The PAA-AuNPs were prepared by deprotection of poly(trimethylsilyl acrylate) which was polymerized on 
the gold nano particles by Atomic Transfer Radical Polymerization (grafting from method). TEM images 
show the size of PAA-AuNPs to be about 15nm. At pH greater than 4.5, the PAA-AuNPs were well-
dispersed for at least 10 days. The optical properties of the clustered PAA-AuNPs exhibit red shift, 
together with damping and broadening of the surface plasmon features at pH 2. We have investigated 
this clustering behavior by UV/visible spectroscopy and DLS as a function of time. These clusters were 
slowly re-dispersed on changing the pH from 2 to 7.  

 
COLL 249  

Physiochemical properties of magnetic iron oxide composites  

Allyson M. Jones and Kathryn A. Layman, Department of Chemistry, James Madison University, MSC 
4501, Harrisonburg, VA 22807, jonesam@jmu.edu  

Magnetic iron oxide composites supported on NaY zeolite, aluminum oxide, and silica are being 
investigated as an environmental application for removing metal cations from ground water. Magnetic iron 
oxide composites were synthesized by varying a previously published procedure to create a more 
efficient and practical adsorbent. The composite's properties were then characterized using the magnetic 
susceptibility balance, x-ray powder diffractometer (XRD), and scanning electron microscope (SEM). 
Atomic absorption (AA) was used to analyze the composite's ability to uptake Cu2+ ions. The results 
indicate that the composite's magnetic susceptibility and Cu2+ uptake capacity is dependent upon: 1.) the 
temperature at which the composite is synthesized; 2.) the support to iron oxide mass ratio; and 3) the 
order of the procedure. When synthesized at 25°C, the composite with an equal mass ratio of NaY zeolite 
to iron oxide has the best magnetic susceptibility and Cu2+ uptake capacity.  

 
COLL 250  

Polydiacetylene vesicle application for cell detection on chip  

Hyun Choi1, Kyung Woo Kim1, Jung Eun Sohn1, Min Kyu Oh1, Gil Sun Lee1, Jong-Man Kim2, and Dong 
June Ahn1. (1) Department of Chemical and Biological Engineering, Korea University, Anam-dong, 
Seongbuk-gu, Seoul, South Korea, Fax: 82-2-926-6102, c6280@korea.ac.kr, (2) Department of Chemical 
Engineering, Han-Yang University  

Ploydiacetylene (PDA) supramolecules initially blue undergo a visible color transition from blue to red due 
to various environmental perturbation including temperature, pH, solvent, mechanical stress, and so on. 



The color transition occurs when external stimuli impose stresses altering delocalization length of g 
electrons along polydiacetylene backbones. In this study, we immobilized PDA vesicles on solid substrate 
using micro arrayer which have moieties to react with antibodies and aptamers for E.coli detection. After 
reaction with E.coli and Bacillus subtillus, we confirmed immobilized PDA vesicles can selectively detect 
only E.coli from the fact that PDA vesicles show self-emitting red fluorescence in reaction with E.coli, but 
no fluorescence in reaction with Bacillus subtillus. Also, the reaction between PDA vesicles and E.coli 
without antibody doesn't induce fluorescent change.  

 
COLL 251  

Polymer electrolytes confined in nanoporous membranes: Mixed ionic electronic conductor 
composites  

Nguyen H. Truong, Paige L. Johnson, and Dale Teeters, Department of Chemistry and Biochemistry, 
The University of Tulsa, 600 S. College Ave., Tulsa, OK 74104, Fax: 918-631-3404, nguyen-
truong@utulsa.edu, paige-johnson@utulsa.edu  

Mixed ionic electronic conductors (MIECs) are receiving attention because of their use as electrode 
materials in which both ionic and electronic conduction is necessary. This work is concerned with a 
composite MIEC system based on poly(ethylene oxide), PEO,- inorganic salt electrolytes placed in the 
channels of nanoporous alumina membranes. While the PEO electrolyte in the pores provides a matrix 
for ion movement, the interface between the PEO and the alumina provides a pathway for electronic 
conduction. Confining the PEO electrolyte in the pores results in an almost two orders of magnitude 
increase in the specific ionic conductivity as compared to the nonconfined polymer. Characterization of 
this system by electochemical techniques will be presented. We will demonstrate a novel thin-film lithium 
ion battery wherein the electronic conduction of the MIEC composite is used to make electrical contact to 
the external circuit without the presence of a traditional current collecting material.  

 
COLL 252  

Polymer nanoparticles synthesized from amphiphilic block copolymers as probes for DNA 
detection  

Brian R. Stepp1, Megan Boyle2, Sharan Srinivasan1, DeeDee Smith3, Julianne Gibbs Davis1, and 
SonBinh T. Nguyen3. (1) Department of Chemistry, Northwestern University, 2145 Sheridan Road, 
Evanston, IL 60208-3113, b-stepp@northwestern.edu, (2) Department of Chemistry, Saint Mary's 
College, (3) Department of Chemistry and the International Institute for Nanotechnology, Northwestern 
University  

Norbornene-based monomers with hydrophobic terthiophene (TTT) and hydrophilic tosylated-
poly(ethylene glycol) (TsPEG) functionalities can be block-copolymerized using ring-opening metathesis 
polymerization (ROMP). In aqueous media, these amphiphilic copolymers organize into core-shell 
polymer nanoparticles (PNPs) with tunable diameters (90-300 nm). Such a PNP encapsulates a large 
number of TTT reporter molecules in its core and can serve as a probe for DNA detection with highly 
amplified readouts compared to those of the molecular probes commonly employed in modern detection 
assays. That TTT is both fluorescent and redox-active makes it an ideal reporter moiety in dual-mode 
detection schemes and prevents potential false positive. In addition, the surface presentation the TsPEG 
groups allows for the modification of the PNP's periphery by amine-terminated DNA signaling strands in a 
three-strand assay. In theory, the high density of reporter molecules in the PNP core could give rise to an 
amplified signal that is several orders of magnitude greater than that obtained from a single molecular 
probe-DNA binding event and remove the need for a physical amplification step. The optimization of PNP 
functionalization with DNA and the results from three-strand DNA detection assays will be reported.  



 

 
COLL 253  

Preparation and characterization of conjugated organic molecules on H-passivated silicon 
surfaces  

Jun-Hyun Kim1, Josh Kellar2, Jui-Ching Lin2, Rina Verma3, Michael J. Bedzyk2, Mark C. Hersam2, and 
SonBinh T. Nguyen4. (1) Department of Chemistry, Northwestern University, 2145 Sheridan Rd, 
Evanston, IL 60208-3113, jun-kim@northwestern.edu, (2) Department of Materials Science and 
Engineering, Northwestern University, (3) St. Louis University, (4) Department of Chemistry and the 
International Institute for Nanotechnology, Northwestern University  

The formation of organic monolayers on hydrogen-passivated (HP) Si(111) surfaces via UV (ultraviolet, 
254 nm wavelength) treatment was demonstrated for six styrene derivatives with different conjugation 
lengths. Fourier-transform infrared spectroscopy (FT-IR) and X-ray Photoelectron Spectroscopy (XPS) 
were used to determine the orientation, packing density, and chemical composition of these silicon-
supported organic monolayers. Atomic force microscopy (AFM) was also performed to observe the 
surface morphologies of the HP Si(111) before and after monolayer formation. X-ray fluorescence (XRF), 
X-ray reflectivity (XRR), and X-ray standing wave (XSW) confirmed the formation, coverage, and 
chemical and physical structure of the styrene-derived organic monolayers bound on HP Si(111) 
surfaces. The treatment of HP silicon surfaces with styrene derivatives can serve as a promising strategy 
for the formation of covalently attached conjugated organic monolayers that can be subsequently 
modified for electronic application or for interfacing with biologically important molecules.  

 
COLL 254  

Preparation and characterization of nitrogen-doped  

Bao-Chrung Hsu1, Yu-Ting Liu1, Shiao-Shing Chen1, and Chaochin Su2. (1) Institute of Environmental 
Planning and Management, National Taipei University of Technology, (2) Institute of Organic and 
Polymeric Materials, National Taipei University of Technology, 1, Sec. 3, Chung-Hsiao E. Rd., Fax: 886-2-
27317174, f10913@ntut.edu.tw  

A simple and novel procedure was developed for preparation nitrogen doped titania (TiOxNy). By 
calcinations mixture of DP-25 TiO2 and NH4Cl under airtight system, the TiOxNy nanocrystal was 
formed. The ESCA measurement showed that nitrogen was successfully doped in the titanium oxide, and 
the highest nitrogen content in TiOxNy is 19.22 at. %, occurred in the sample of TiOxNy -1:6-400 with 
TiO2 : NH4Cl weight ratio of 1:6 and calcination temperature of 400 oC. The UV-Vis spectra indicated a 
red shift of TiO2 absorption upon nitrogen doping. The XRD results show that the anatase-to-rutile phase 
transformation occurs at high temperature clacination and/or high NH4Cl/TiO2 ratio. The optimum 
photocatalytic activity for the degradation of methylene blue was achieved for the sample of TiOxNy-1:6-
400. According to the combination of ESCA, UV-Vis, XRD, and BET analysis, the crystal phase 
composition and band gap energy are the major factors responsible for the photocatalytic activity of 
TiOxNy.  



 
COLL 255  

Preparation and characterization of polyelectrolyte-coated gold nanoparticles  

Annie C. Dorris, Simona Rucareanu, Christopher J Barrett, L. Reven, and R. Bruce Lennox, Department 
of Chemistry, McGill University, 801 Sherbrooke W, Montreal, QC H3A 2K6, Canada  

Gold nanoparticles stabilized by the 4-dimethylaminopyridine were coated by poly-sodium 4-styrene 
sulfonate (PSS) via electrostatic self-assembly. Nanoparticles stability, was monitored by the shift in 
plasmon absorption band of gold by means of UV-vis spectroscopy and optimized by varying PSS chain 
length and concentration. Enhanced stability was obtained when the polymer chain length matched or 
exceeded the particle circumference. Subsequent layer depositions were achieved by using a weak and a 
strong polycanion; poly(allylamine hydrochloride) (PAH) and poly(diallyldimethylammonium chloride) 
(PDADMAC) respectively. 13C solid state NMR analysis was used to detect the presence of DMAP after 
polymer layers were deposited onto gold nanoparticles. NMR study revealed that DMAP ligands 
remained associated with nanoparticles after the first layer was adsorbed. The enhanced sensitivity 
provided by the large surface area of the nanoparticles will facilitate NMR studies of the effect of the high 
surface curvature on the polyelectrolyte multilayer formation and properties.  

 
COLL 256  

Preparation of hollow cobalt ferrite nanoparticles  

Quy K. Ong1, Christian Kuebel2, Amy L. Oldenburg3, and Alexander Wei1. (1) Department of Chemistry, 
Purdue University, 560 Oval Drive, West Lafayette, IN 47907-2084, qong@purdue.edu, (2) IFAM, 
Adhesive Bonding Technology and Surfaces, Fraunhofer Institute for Manufacturing Technology and 
Applied Materials Research, (3) Department of Electrical and Computer Engineering, University of Illinois 
at Urbana-Champaign, Beckman Institute for Advanced Science and Technology  

Cobalt-iron core-shell nanoparticles can be transformed into hollow cobalt ferrite nanoparticles by 
electron beam irradiation or in situ by thermal annealing. The structural and compositional evolution of 
these nanoparticles were investigated by high-resolution and energy-filtered transmission electron 
microscopy, complemented by measurements of their magnetic properties using SQUID magnetometry.  

 
COLL 257  

Preparation, characterization and properties of Au/Pd surface alloy on Pd (111)  

Zhenjun Li, Department of Chemistry and Department of Chemistry and Laboratory for Surface Studies, 
University of Wisconsin-Milwaukee, 3210 N Cramer ST, Milwaukee, WI 53211, zli@uwm.edu, Feng Gao, 
Department of Chemistry and Biochemistry, University of Wisconsin-Milwaukee, Florencia C. Calaza, 
Department of Chemistry and Laboratory for Surface Studies, University of Wisconsin-Milwaukee, Luke A. 
Burkholder, Department of Chemistry and Biochemistry and Laboratory for Surface Studies, University of 
Wisconsin-Milwaukee, and WT. Tysoe, Department of Chemistry and Laboratory for Surface Studies, 
University of Wisconsin  

Au thin films were deposited onto a Pd(111) signal crystal via physical vapor deposition (PVD). The film 
growth was found to proceed via a layer-by-layer fashion (Frank-van der Merwe mode). The surface 
composition was investigated using X-ray photoelectron spectroscopy (XPS) and Auger electron 
spectroscopy (AES) at various temperatures. Au diffuses into the Pd bulk to form an alloy at ~680 K. The 



adsorption and reaction of a number of small molecules including CO, ethylene, acetic acid and vinyl 
acetate was also studied on these surfaces. It was found that the reactivity of these surfaces vary as a 
function of Au/Pd atomic ratio of the surface, which can be modified simply by annealing the Au/Pd(111) 
to various temperatures.  

 
COLL 258  

Pressure tuning the optical transmission properties of photonic bandgap composites  

Yurong Ying, Jiqiang Xia, Parul Rungta, and Stephen Foulger, School of Materials Science and 
Engineering, Clemson University, 91 Technology Dr, Anderson, SC 29625, prungta@clemson.edu  

Colloidal particles can be assembled into ordered, dielectric structures with a periodicity comparable to 
the wavelength of light. Variation in the optical properties of these systems can be achieved by varying 
interparticle spacing and/or the refractive index contrast. This research focuses on the mechanochromic 
tuning of the photonic bandgap (PBG) composites by applying a pressure gradient between 0 kPa to 20 
kPa. In our system, 105 µm thick polymer composite films containing monodisperse polystyrene particles 
are utilized. As the pressure is raised within the cell the film responds by taking the shape of a 
hemispherical cap. The rejection wavelength undergoes a shift from 645 nm to 433 nm with an increase 
in the applied pressure from 0 kPa to 20 kPa. The full width at half maximum (FWHM) also shows a 
decrease from 40 nm to 25 nm with the increase in gauge pressure from 0 kPa to 20 kPa.  

 
COLL 259  

Protein adsorption and cell attachment/spreading on gradient surfaces of poly(ethylene glycol) 
generated by the contact printing approach  

Yangjun Cai, Department of Chemical and Biomolecular Engineering, The University of Akron, Akron-
44325, OH, yc31@uakron.edu, Yang H. Yun, Department of Biomedical Engineering, The University of 
Akron, and Bi min Zhang Newby, Department of Chemical Engineering, The University of Akron, Whitby 
Hall 101A, Akron, OH 44325-3906, Fax: 330-972-5856, bimin@uakron.edu  

A surface with gradient distribution of poly(ethylene glycol) (PEG) is an attractive substrate for 
combinatorial studies of biological phenomena. In this study, the generation of step-wise density 
gradients of PEG utilizing a contact printing approach was reported. For this approach, the stepped 
gradient template is first achieved by contact printing octadecyltrichlorosilane (OTS) to a glass or Si-wafer 
from a hemispherical elastomeric stamp when the stamp is brought into contact with the substrate, and 
then the contact area is step-wisely increased as the corresponding contact time for the step is 
decreased. A silane, containing 6 to 9 units of ethylene oxide, dissolved in toluene is then used to backfill 
the un-occupied spaces of the OTS layer to generate the PEG density gradient. The stepped gradient of 
PEG-silane was illustrated through adsorption of a fluorescent bovine serum albumin and subsequent 
attachment of fibroblast cells. On the most inner step, where few PEG-silane molecules were filled into 
small un-occupied spaces of the OTS monolayer, most protein adsorption and cell attachment was 
observed. This may be the result of the combination of strong hydrophobic interactions between OTS and 
protein molecules and diminished adsorption/attachment repellency of the highly stretched planar PEG 
molecule. As the PEG-silane coverage increased for the steps progressing outward, less protein 
molecules and cells on the surface were resulted.  

 
COLL 260  

Protein-resistant surfaces based on dithiocarbamate assembly  



Heng Zhu1, Alexander Wei1, and Joseph Irudayaraj2. (1) Department of Chemistry, Purdue University, 
560 Oval Drive, West Lafayette, IN 47907-2084, Fax: 765-494-0239, zhuh@purdue.edu, 
alexwei@purdue.edu, (2) Department of of Agricultural & Biological Engineering, Purdue University  

Self-assembled monolayers (SAMs) on gold presenting dithiocarbamate (DTC) ligands have been 
developed to generate robust protein-resistant surfaces. DTC ligands can be formed by the direct 
condensation of amines with CS2 in polar solutions, which would then adsorb spontaneously on gold 
substrates. Bis(hexaethyleneglycol)- and bis(triethyleneglycol)amines featuring different terminal groups 
have been synthesized and evaluated for their resistance to protein adsorption by surface plasmon 
resonance (SPR). These DTC-based SAMs are remarkably stable and are not easily displaced by 
competing alkanethiols. The low molecular volumes of these DTCs permit the assembly of ultrathin SAMs 
for maximum SPR sensitivity and optimum presentation of molecular or biomolecular ligands.  

 
COLL 261  

Quasielastic neutron scattering and molecular dynamics studies of structure and dynamics of 
surface water on nanopowder rutile and cassiterite  

Eugene Mamontov1, Lukas Vlcek2, David J. Wesolowski3, Peter T. Cummings2, Wei Wang4, Jorgen 
Rosenqvist3, Craig M. Brown5, Victoria García Sakai5, and David R. Cole3. (1) Spallation Neutron Source, 
Oak Ridge National Laboratory, Oak Ridge, TN 37831-6475, mamontove@ornl.gov, (2) Department of 
Chemical Engineering, Vanderbilt University, Nashville, TN 37235-1604, lukas.vlcek@vanderbilt.edu, (3) 
Chemical Sciences Division, Oak Ridge National Laboratory, (4) Environmental Sciences Division, Oak 
Ridge National Laboratory, (5) NIST Center for Neutron Research, NIST and Indiana University Cyclotron 
Facility  

Quasielastic neutron scattering (QENS) experiments were used to study diffusion dynamics of hydration 
water in nano-powdered rutile (TiO2) and cassiterite (SnO2) and results were compared to molecular 
dynamics simulations. When hydrated under ambient conditions, the nano-powders had similar levels of 
hydration corresponding to approximately three molecular layers. The QENS spectra of both systems 
showed three water diffusion components, on the time scale of a picosecond, tens of picoseconds, and a 
nanosecond. The more loosely bound outer water molecules of both systems exhibited faster dynamics 
with Arrhenius temperature dependence, however, the spectral weight was significantly lower for 
cassiterite. In the rutile system, the more strongly bonded molecules with the nanosecond dynamics 
exhibited super-Arrhenius, “fragile” behavior above 220K and a transition to Arrhenius, “strong” behavior 
at lower temperatures. There was little evidence of such behavior in the cassiterite system. Simulated 
QENS spectra showed fast and intermediate dynamics in good agreement with experiment.  

 
COLL 262  

Recent advances in the studies of CdSe magic clusters  

Yuri A. Barnakov1, Carl E. Bonner Jr.1, Atsuo Kasuya2, Yasato Noda2, R. Sivamohan2, Rodion 
Belosludov3, Y. Kawazoe3, Igor Dmitruk4, and Vladimir Romanyuk4. (1) Center for Materials Research, 
Norfolk State University, 700 Park Avenue, Norfolk, VA 23504, Fax: (757)-823-9054, 
ybarnakov@nsu.edu, (2) Center for Interdisciplinary Research, Tohoku University, (3) Institute for 
Materials Research, Tohoku University, (4) Physics Department, Kiev State University  

The highly monosized nanoclusters and nanoparticles as building blocks play a significant role in the 
fabrication of artificial cluster superlattices possessed a novel and unusual for the ordinary solids 
properties. CdSe nanoparticles are known for decades for nanoscience community as typical system, 
which undergo the quantum confinement with reduction of their size [1]. In 2004, we published our finding 



related to the synthesis and characterization of the macroscopic amount of the smallest and ultrastable 
CdSe clusters with countable number of molecules (CdSe)33, 34 and non-crystalline structure [2]. We 
suggested quasi-fullerene type structure of those clusters based on our side experiments and supported 
by first principles calculations. The combination of unusual for this material structure and its optical 
functionality requires the fundamental understanding of their formation and the search of their specific 
properties for potential application. At the conference, we will discuss our recent advances in the studies 
on this matter.  

Reference:  

1. Murray C.B., Norris D.J. and Bawendi M.G. J.Am.Chem.Soc. 115, p. 8706, 1993  

2. Kasuya A., R. Sivamohan, Barnakov Yu.A., Dmitruk I., Nirasawa T., Romanyuk V., Kumar V., Mamykin 
S. V., Tohji K., Jeyadevan B., Shinoda K., Kudo T., Terasaki O., Liu Z., Belosludov R. V., Sundararajan 
V., Kawazoe Y. Nature Materials, 3, p. 99, 2004  

 
COLL 263  

Redox-assisted flavin motion of FMN-functionalized single walled carbon nanotubes  

Sang-Yong Ju, Nanomaterials Optoelectronics Laboratory, Polymer Program, Institute of Materials 
Science, University Of Connecticut, 97 North Eagleville Road, U-136, Storrs, CT 06269, Fax: 860-486-
4745, syju@ims.uconn.edu, and Fotios Papadimitrakopoulos, Nanomaterials Optoelectronics Laboratory, 
Polymer Program, Institute of Materials Science, Department of Chemistry, University of Connecticut  

Flavin monophosphate (FMN) is a very important redox cofactor and one of the substrates emitting light 
in the presence of bacterial luciferase. The whole bacterial luciferase in conjunction with FMN has been 
used in a variety of bio-reporting assay and gene-reporting. In order to couple the bioluminescence as 
well as redox properties of a reconstruct of FMN-luciferase with single-walled carbon nanotubes (SWNT), 
the cofactor must be firmly placed within electron tunneling distance to carbon nanotube. In this paper, we 
describe the synthesis of an amine-terminated flavin analog and its covalent immobilization onto 
carboxylic acid functionalities of SWNTs, which was achieved by carbodiimide-assisted coupling. Flavin 
H-phosphonate was coupled with the hydroxyl group of a protected amine. The flavin moiety of FMN-
attached SWNT was strongly physisorped onto the nanotube. Treatment with sodium dodecyl sulfate 
reduces significantly flavin physisorption that leads to recovering of its luminescence. The redox 
properties of SWNT-attached FMN was also investigated and found unaffected from the presence of 
SWNTs.  

 
COLL 264  

Refractive index engineering of the transparent film based on siloxane polymer-dispersed ZrO2 
nanoparticle  

Hyeon-Jin Shin, Seong Jae Choi, Seon-Mi Yoon, DongKee Yi, and Jae-Young Choi, Display Emission 
Material Project Team/Display Device & Material Lab, Samsung Advanced Institute of Technology, 
San#14-1, Nongseo-Dong, Kiheung-Gu, Youngin-City 446-712, South Korea, Fax: 82-31-280-9349, 
hyeonjin.shin@samsung.com  

The nanoparticle/polymer composite materials having the high transparency and refractive index are 
available for LED encapsulation material, optical lens, and reflector etc. Only a few researches has been 
done for incorporating nanoparticle in organic-inorganic hybrid polymer (silicon based polymer) which is 



an essential material for the low water permeability, good thermal stability and high chemical stability of 
high power LED. We choose ZrO2 nanoparticle as a high refractive index material (RI=2.2) and 
poyldimethylsiloxane (PDMS) polymer as the silicon based polymer matrix. The high solid loading of the 
nanoparticle in the polymer matrix with maintaining the high transparency was achieved by enhancing the 
dispersion stabilization which was studied based on the interfacial stabilization between ZrO2 
nanoparticle and PDMS polymer. To increase the interfacial stability, the chemical functionality and 
structure of the dispersants were controlled. We dispersed effectively ZrO2 nanoparticle up to 21 vol% 
using the designed dispersant in the PDMS polymer with the transparency.  

 
COLL 265  

Restoring gene expression with PRINT nanoparticles  

Ashley L. Galloway1, Andrew J. Murphy1, Peter L. Sazani2, Ryszard Kole3, and Joseph M. DeSimone1. 
(1) Department of Chemistry, University of North Carolina at Chapel Hill, B-5 Venable Hall, Chapel Hill, 
NC 27599, Fax: 919-962-5467, agallowa@email.unc.edu, (2) Lineberger Comprehensive Cancer Center 
and the Department of Pharmacology, Ercole Biotech and the University of North Carolina at Chapel Hill, 
(3) Lineberger Comprehensive Cancer Center and Department of Pharmacology, University of North 
Carolina  

PRINT or (Particle Replication In Nonwetting Templates) is an imprint lithography technique borrowed 
from the electronics industry that allows the fabrication of monodisperse, shape-specific organic 
nanoparticles. We want to utilize these nanoparticles to deliver antisense oligonucleotides into the cell 
nucleus. Specifically, we are delivering a morpholino splice switching oligonucleotide that functions to 
block an aberrant splice in human B-globin pre-mRNA. In humans this mutation leads to B-globin 
deficiency and thalassemia. Successful cellular deliveries of this oligonucleotide will restore B-globin 
production. We plan to showcase our "Trojan Horse" approach which involves entrapping the 
oligonucleotide into a PRINT particle that should degrade after entering the reducing environment of the 
endosome / cytoplasm. To date, we have shown successful delivery of this oligonucleotide to HeLa cells 
with some restoration of B-globin production by both our Trojan approach and passive release 
mechanisms. Studies are ongoing to further characterize our results and demonstrate dose dependency.  

 
COLL 266  

Salt-dependent adsorption of pectin on bovine serum albumin surface studied by quartz crystal 
microbalance with dissipation monitoring  

Xiaoyong Wang, Yu-wen Wang, and Qingrong Huang, Department of Food Science, Rutgers University, 
65 Dudley Road, New Brunswick, NJ 08901, xwang@aesop.rutgers.edu  

The quartz crystal microbalance with dissipation monitoring (QCM-D) has been employed to study pectin 
adsorption on bovine serum albumin (BSA) modified quartz crystal surface at various sodium chloride 
concentrations (CNaCl). As CNaCl increases from 0 M to 0.01 M, the frequency shift (F) decreases, but 
the energy dissipation shift (D) changes toward a higher value. However, further increase of CNaCl from 
0.01 M to 0.5 M causes both F and D to gradually return to almost zero. The adsorbed mass and 
thickness of pectin adlayer estimated from Voigt model confirm that the addition of salt favors the 
adsorption of pectin and the formation of thicker pectin adlayer on BSA surface when CNaCl is lower than 
0.01 M. Further increase of CNaCl above 0.01 M weakens the interactions between pectin and BSA 
surface, thus hinders the pectin adsorption and causes the formation of thinner pectin adlayer on BSA 
surface. The salt-enhanced effect at lower salt concentrations (CNaCl < 0.01 M) is explained as the 
added salt can screen the electrostatic repulsion to a larger extent than the electrostatic attraction 
between pectin and BSA. However, at higher salt concentrations (CNaCl > 0.01 M), the added salt can 



significantly screen both electrostatic repulsion and attraction, resulting in the so-called salt-reduced 
effect. The much higher shear elastic modulus than the viscosity of pectin adlayer calculated based on 
Voigt model suggests the formation of network-structured pectin adlayer on BSA surface. The possible 
structures of pectin adlayers on BSA surface at different salt concentrations are proposed.  

 
COLL 267  

SAM derivatization with a fluorescent ruthenium complex by topotactic photopolymerization  

Beth Wetmore, Laura L. Wright, and Timothy Hanks, Department of Chemistry, Furman University, 3300 
Poinsett Hwy, Greenville, SC 29613, Fax: 864-294-3356, Beth.Wetmore@furman.edu  

Self-assembled monolayers (SAMs) are under intense investigation for applications ranging from surface 
property modification to molecular sensor arrays. While SAMs prepared from long-chain alkanethiols are 
the most commonly studied class, we are interested in SAMs of alkanethiols in which a 1,3-butadiyne 
moiety is incorporated partway along the alkane chain. Here, we discuss the assembly of such SAMs on 
atomically flat gold nanoparticle platforms (FGNPs) with face diameters of up to 1 micron. Formation of 
these FGNPs and SAMs thereon was confirmed by tapping atomic force microscopy and scanning 
tunneling microscopy. We then synthesized a luminescent ruthenium complex with a long-chain 
diacetylene tail appended at the 5-position of a coordinated phenanthroline ligand. The incorporation of 
this tail allows for the possibility that it could be intercalated into the SAM and locked into place by a 
topotactic photoreaction that polymerizes the layer. Soaking a preassembled diacetylenethiol SAM on 
FGNP in a solution of the ruthenium complex produced a modified FGNP that displays the characteristic 
luminescence of the ruthenium moiety. Masking a freshly prepared sample and subjecting it to irradiation 
followed by rinsing with ethanol led to the anchoring of the ruthenium complex to the surface in the 
unmasked regions and removal of the ruthenium in the masked regions as determined via fluorescence 
microscopy. The significance of this for ultra thin film devices will be discussed.  

 
COLL 268  

SAXS/GISAXS study on nanobio particles: Structural deformations induced by interactions with 
solid substrates  

Byeongdu Lee1, Zhongwei Niu2, Qian Wang2, Chieh-Tsung Lo3, and Pappannan Thiyagarajan4. (1) X-
Ray Science Division, Argonne National Laboratory, Building 433, 9700 South Cass Avenue, Argonne, IL 
60439, blee@aps.anl.gov, (2) Department of Chemistry and Biochemistry, University of South Carolina, 
(3) Intense Pulsed Neutron Source Division, Argonne National Laboratory, (4) Intense Pulsed Neutron 
Source, Argonne National Laboratory  

Surface modification of biological particles, such as tobacco mosaic virus (TMV), has been of interest. 
Knowledge of the structure of TMV in solution, as well as on a solid surface, is crucial for syntheses and 
applications. Internal structures of the TMV in a solution and on a solid substrate are studied by SAXS 
and GISAXS, respectively. The flexible chain at the outer surface of TMV is expanded and contracted 
corresponding to its surrounding environments. Strong interaction of the chain of TMV with a SiOx 
substrate deforms its rigid internal structure composed of alpha-helices as well as its external one.  

 
COLL 269  

Scanning tunneling microscopy and spectroscopy studies of dinuclear organometallic molecules  



Song Guo, Zhongqing Wei, and S. Alex Kandel, Department of Chemistry and Biochemistry, University 
of Notre Dame, 251 Nieuwland Science Hall, Notre Dame, IN 46556, Fax: 574-631-6652, sguo@nd.edu, 
zwei@nd.edu  

Adsorption of trans-[Cl(dppe)2Ru(CC)6Ru(dppe)2Cl] (Ru2) on gold substrates is studied by scanning 
tunneling microscopy (STM) under ultra-high-vacuum conditions. This double-metal-centered molecule is 
a potential candidate for applications in quantum cellular automata (QCA) devices. The interactions 
between Ru2 molecules and gold surface are relatively strong: isolated Ru2 molecules can be observed 
motionless at room temperature and a majority of Ru2 molecules adsorb with orientations commensurate 
with the gold lattice. Molecular manipulation by the STM tip provides additional understanding of 
molecular stability and surface binding. Scanning tunneling spectroscopy is employed to probe the 
electronic structure of surface-adsorbed molecules, as well as to explore further the interactions between 
Ru2 molecules and underlying substrate.  

 
COLL 270  

Selective colloidal stabilization of doped single wall carbon nanotubes  

Sang Nyon Kim, Nanomaterials Optoelectronics Laboratory, Polymer Program, Institute of Materials 
Science, University Of Connecticut, 97 North Eagleville Road, U-3136, Storrs, CT 06269, Fax: 860-486-
4745, snkim@ims.uconn.edu, Zhengtang Luo, Nanomaterials Optoelectronics Laboratory, Polymer 
Program, Institute of Materials Science, University of Connecticut, and Fotios Papadimitrakopoulos, 
Nanomaterials Optoelectronics Laboratory, Polymer Program, Institute of Materials Science, Department 
of Chemistry, University of Connecticut  

Separating and/or enriching fractions of single wall carbon nanotubes (SWNTs) according to type (or 
otherwise termed "metallicity") and diameter (dt) convey the immense technological importance by 
enhancing the tubes' structural purity and homogeneity.  Moreover, obtaining well-fractionated samples 
enables us to better characterize and model the effects of diameter and chirality in both experimental and 
theoretical SWNTs research.  In this study, we describe the underlying redox-based SWNT separation 
mechanism of charge-stabilized SWNT dispersions in polar aprotic media, such as N,N-dimethylformide 
(DMF).[1]  Resonance Raman spectroscopy (RRS) is used to investigate the differential partial-redox 
trends according to dt and metallicity.  The reversible nature of the SWNTn+ + n/2H2O <-> SWNT + nH+ + 
n/4O2

 chemistry, amine-induced pH changes as well as variations in H2O and O2 concentration in DMF 
are revisited.  The Gibbs free energy and p-doping differences from the (n,m)-dependent SWNT 
integrated density of states (IDOS) across the corresponding pH-induced redox jump are utilized to fine-
tune the charged SWNT colloidal stability-based fractionation.  

   

 
 

 

[1] Kim, S. N.; Luo, Z.; Papadimitrakopoulos, F. Nano Letters 2005, 5, (12), 2500-2504.  
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Self-assembled monolayers of alkyl tethered π moieties  

Lucile C. Teague1, Erin Hinson2, William R. Kwochka2, and James G. Kushmerick1. (1) National Institute 
of Standards and Technology, 100 Bureau Drive, Mailstop 8372, Gaithersburg, MD 20899, 
lucile.teague@nist.gov, (2) Department of Chemistry and Physics, Western Carolina University  

A fundamental understanding of molecule-surface and molecule-molecule interactions on surfaces is 
required for self-organized nano-scale devices to become a reality. Here, an investigation of alkyl self-
assembled monolayers (SAMs) terminated with π-electron moieties will be presented. Experimental 
studies include a combination of FTIR, contact angle, spectroscopic ellipsometry, AFM and STM studies 
to determine overall film structure and molecular packing within the films. The observed structure of these 
films is compared to previous SAM studies to determine the influence of the terminal π system on film 
formation and molecular organization within the film. Moreover, these molecules are similar to those 
presented in the literature for active device components1,2, and we will address their potential use as 
surface modification or alignment layers in organic based device structures. Theoretical studies of these 
systems will also be discussed as they relate to molecular ordering and charge transport within organic 
electronics devices.  

(1) Aswal, D. K.; Lenfant, S.; Guerin, D.; Yakhmi, J. V.; Vuillaume, D. Anal. Chim. Acta 2006, 568, 84. (2) 
Lenfant, S.; Guerin, D.; Tran Van, F.; Chevrot, C.; Palacin, S.; Bourgoin, J. P.; Bouloussa, O.; Rondelez, 
F.; Vuillaume, D. J. Phys. Chem. B 2006, 110, 13947.  

 
COLL 272  

Self-assembled pentammine cobalt-terminated monolayers with two types of scissile bonds: 
Characterization and lithographic processing  

Koshala Sarveswaran and Marya Lieberman, Department of Chemistry and Biochemistry, University of 
Notre Dame, Notre Dame, IN 46556, ksarvesw@nd.edu  

High-resolution lithographic patterning requires thin resist films; the thinnest possible resists are just one 
molecule thick. By introducing specific chemical functionalities into self-assembling monolayers (SAMs), 
we have found that it is possible to use electron-beam lithography to cleave such resists at specific 
scissile bonds, attaining 60 nm patterning while leaving behind useful chemical functionality. Here, we 
describe a SAM which can be cleaved in two different ways. The pentammine cobalt (III) terminated 
monolayer used in this study was prepared by Schiff base formation between p-
formylbenzoatopentammine Co (III) and an aminosilylated silicon wafer. Mild acid treatment reverses 
formation of the Schiff base, releasing the metal complex and revealing an amine-terminated surface. 
Pentammine cobalt (III) complexes are easily reduced to labile Co (II), which releases the cobalt from the 
surface. These chemical transformations were examined with X-ray photoelectron spectrometry (XPS), 
contact angle measurements, and atomic force microscopy (AFM). Studies are underway using electron-
beam lithography for high-resolution patterning of the cobalt SAM.  

 
COLL 273  

Self-assembly and controlled assembly of nanoparticles  

Lisa M. Dillenback1, Allison Yake2, Derek Triplett3, Darrell Velegol4, Kristen A. Fichthorn3, and Christine 
D. Keating1. (1) Department of Chemistry, The Pennsylvania State University, 104 Chemistry Building, 
University Park, PA 16802, Fax: 814-865-3292, (2) Chemical Engineering, Pennsylvania State University, 
(3) Department of Chemical Engineering, The Pennsylvania State University, (4) Dept. of Chemical 
Engineering, The Pennsylvania State University  



Nanowires are promising building blocks for the bottom-up assembly of high-density electronics and other 
functional materials due to their small size and tunable optical, electronic, and physical properties. Two 
approaches to the assembly of nanowires have been taken. First, the self-assembly of negatively charged 
nanowires upon settling to a glass surface in deionized water was studied. The phase behavior of 
nanowires of various lengths and compositions, as well as mixtures of wires and spheres was observed. 
The second approach made use of a "particle lithography" method to functionalize the nanowires. 
Nanowires were placed on a surface and functionalization was allowed to occur everywhere except the 
area where the nanowire touched the surface, thus introducing chemical anisotropy to the particles. Upon 
removal from the surface, the unmodified side of the nanowires could then be functionalized with a 
different chemistry, and the wires could then be assembled in a controlled fashion.  

 
COLL 274  

Self-assembly properties of pore-forming amphiphilic peptides  

Lei You, Department of Chemistry, Washington University, One Brookings Drive, Saint Louis, MO 63130, 
lyou@artsci.wustl.edu, and George W. Gokel, Department of Chemistry, University of Missouri – Saint 
Louis  

Two amphiphilic peptides containing fluorescent indolyl and pyrenyl residues, that function as synthetic 
anion transporters, were synthesized and characterized. The conducting properties were confirmed by 
using ion-selective electrode detection of anion release from liposomes. Evidence for self-assembly of 
these amphiphiles was obtained both by steady-state fluorescence and by fluorescence resonance 
energy transfer (FRET). Self-assembly of structurally similar analogs was detected by changes in 
monomer vs. excimer emission of the pyrenyl residue. Fluorescence quenching by acrylamide in both 
aqueous buffer and liposomal suspension confirmed different environments for the fluorophore. The 
results obtained in this study are consistent with previous conclusions that the active pore is at least 
dimeric.  

 
COLL 275  

Self-induced 1-D molecular chain growth of thiophene on Ge(100)  

Seok Min Jeon1, Hangil Lee2, Soon Jung Jung1, Do Kyung Lim1, Soo Il Kim1, and Sehun Kim3. (1) 
Department of Chemistry and School of Molecular Science (BK21), Korea Advanced Institute of Science 
and Technology (KAIST), 373-1 Guseong-dong Yuseong-gu, Daejeon 305-701, South Korea, Fax: 82-42-
869-2810, jeonsm78@kaist.ac.kr, (2) Beamline Division, Pohang Accelerator Laboratory (PAL), 
POSTECH, (3) Department of Chemistry and School of Molecular Science (BK 21), Korea Advanced 
Institute of Science and Technology (KAIST)  

The adsorption of thiophene on Ge(100) has been studied using scanning tunneling microscopy (STM), 
high-resolution core-level photoemission spectroscopy (HRPES), and density functional theory (DFT) 
calculations. To date, thiophene has been known to react with the Ge(100) dimer through a [4 + 2] 
cycloaddition reaction at room temperature, similar to the case of thiophene on Si(100). However, we 
found that thiophene has two adsorption geometries on Ge(100) at room temperature, such as a 
kinetically favorable Ge-S dative bonding configuration and a thermodynamically stable [4 + 2] 
cycloaddition adduct. Moreover, our STM results show that under 0.25 ML thiophene molecules 
spontaneously produce one-dimensional molecular chain structures on Ge(100). The analysis of STM 
image and S 2p core-level spectra reveals the molecular chain structures are the Ge-S dative bonding 
configurations with pi-pi interactions.  
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Single liposome tracking in dense suspensions of stabilized liposomes  

Yan Yu, Dept of Materials Science and Engineering, Univ of Illinois at Urbana-Champaign, 1304 W. 
GREEN ST, APT 34, Urbana, IL 61801, yanyu2@uiuc.edu, Stephen M. Anthony, Dept of Chemistry, Univ 
of Illinois at Urbana-Champaign, Liangfang Zhang, Dept of Chemical Engineering, Univ of Illinois at 
Urbana-Champaign, and Steve Granick, Departments of Materials Science, of Chemistry, and of Physics, 
University of Illinois  

Methods developed to stabilize phospholipid vesicles against fusion, up to volume fraction around 80%, 
enable one to perform single-particle tracking on these soft, flexible, hollow objects. Stabilization is 
accomplished by studding the outer leaflet with charged nm-sized particles. Image analysis of time 
trajectories, obtained using epifluorescence imaging, was performed at sub-pixel resolution. This 
presentation will emphasize aspects of curiously heterogeneous dynamics and also quantification of 
“cage” size in this system. Taken together, this system of charged, polydisperse, flexible objects displays 
rich dynamics that contrasts acutely with known behavior for hard-sphere dense particle systems.  

 
COLL 277  

Spatially-resolved product formation in the reaction of formic acid with single-crystal calcium 
carbonate: The role of step density and adsorbed water-assisted ion mobility  

Courtney R. Usher, Jonas Baltrusaitis, and Vicki H. Grassian, Department of Chemistry, University of 
Iowa, 305 CB, University of Iowa, Iowa City, IA 52242, courtney-usher@uiowa.edu  

The reaction of calcium carbonate single-crystal surfaces with formic acid (HCOOH) vapor was 
investigated using atomic force microscopy (AFM) and X-ray photoelectron spectroscopy (XPS). AFM 
images indicate the reaction produces well-defined crystallites, preferentially at step edges and at distinct 
angles to one another, mirroring the rhombohedral structure of the calcite surface, while exposing 
unreacted carbonate surface. The size and surface density of the crystallites depend upon substrate step 
density, exposure time, and relative humidity. XPS data confirmed the crystallite composition as the 
expected calcium formate product. The AFM images show erosion and pit formation of the calcite surface 
in the vicinity of the product crystallites, clearly providing the spatially-resolved characterization of the 
source of Ca ions. Additionally, AFM experiments exploring the effects of water vapor on the reacted 
surface show that the calcium formate crystallites undergo changes in conditions of high relative humidity.  

 
COLL 278  

Stimuli responsive drug-conjugated polymer nanoparticles via ring-opening metathesis 
polymerization  



DeeDee Smith1, Sandra Clark2, Timothy R. Holden1, Paul A. Bertin1, Clifton K-F Shen1, Bernard Mirkin2, 
and SonBinh T. Nguyen1. (1) Department of Chemistry and the International Institute for Nanotechnology, 
Northwestern University, 2145 Sheridan Rd, Evanston, IL 60208-3113, d-smith4@northwestern.edu, (2) 
Departments of Pediatrics ,Pharmacology and Biological Chemistry, Childrens Memorial Hospital ,CMRC, 
Nothwestern University College of Medicine  

The next frontier in chemotherapy is one in which small-molecule drugs are systematically replaced by 
target-specific drug delivery vehicles possessing increased circulation time and bioavailability as well as 
higher specificity, resulting in the lowering of toxic side effects. To this end, polymer nanoparticles (PNPs) 
possessing a high density of drug molecules that can be released upon reaching cancer cells comprise 
one of the most promising strategies. This presentation describes an approach to the synthesis of PNPs 
suitable for chemotherapeutic applications from ROMP-based block copolymers (ROMP = Ring-Opening 
Metathesis Polymerization) containing a high density of doxorubicin, a potent anti-tumor agent. Taking 
advantage of the inherent acidic environment in solid tumors as a trigger mechanism, doxorubicin was 
conjugated to the polymer backbone through acid-liable linkages of varying hydrolytic abilities. The PNP 
release profile of doxorubicin in both acidic media and in vitro cell cultures will be discussed.  

 
COLL 279  

Structural evolution and shear banding in self-assembled worm-like micellar solutions  

Matthew E. Helgeson1, Paula A. Vasquez2, Norman J. Wagner1, Eric W. Kaler1, Pamela L. Cook2, and 
Lionel Porcar3. (1) Department of Chemical Engineering, University of Delaware, 150 Academy Street, 
Newark, DE 19716, Fax: 302-831-1048, (2) Department of Mathematical Sciences, University of 
Delaware, (3) Center for Neutron Research, National Institute of Standards and Technology  

We investigate the structure and rheology of a concentrated worm-like micellar solution of 
cetyltrimethylammonium bromide (CTAB) in deuterium oxide using shear rheology, flow birefringence, 
and small angle neutron scattering (SANS). The CTAB solution (500mM) is well studied in the literature 
and exhibits strong shear banding as evidenced by a large stress plateau at nominal shear rates of 10-
1000 1/s. The linear viscoelasticity and shear rheology are well-described by the Giesekus constitutive 
equation, which allows for predictions of the kinematics and segmental alignment in a moderate gap 
Taylor Couette flow. The model predictions are tested using gap-resolved flow-SANS measurements in 
the 1-2 (flow-gradient) plane. We confirm the strong nematic-like ordering observed in the high shear 
band reported in gap-averaged flow-SANS experiments in the 1-3 plane of flow and flow-birefringence 
experiments. Quantitative analysis of the rheology and microstructural measurements helps elucidate 
mechanisms of shear banding in this class of worm-like micellar solutions.  

 
COLL 280  

Structure and phase behavior of mixed alkanethiol and biphenylthiol self-assembled monolayers 
on gold films  

James W. Rivard III, Daniel A. Hall, and Eric L. Bullock, Department of Chemistry, Central Washington 
University, 400 E. University Way, Ellensburg, WA 98926, Fax: 509-963-1050, rivardj@cwu.edu  

Controlling nanoscale surface properties is of high interest in molecular electronics, sensors, 
biocompatible materials, and many other fields. One route to such surface functionalization is the self-
assembly of two-component mixtures deposited from solution onto a surface. In order for these systems 
to be used for specific applications, however, an understanding of the structure and phase behavior of 
mixed self-assembled monolayers (SAMs) is essential. In this work, two-component SAMs of alkanethiols 
and biphenylthiols were deposited on Au(111) films and the structure and phase behavior of the mixed 



systems were studied using reflection-absorption infrared spectroscopy (RAIRS) and scanning tunneling 
microscopy (STM). The results indicate that mixing behavior and equilibrium structure vary widely with the 
identities of the two components. Molecular orientation and surface composition of these mixed systems 
will also be discussed.  

 
COLL 281  

Studies on the self-assembled monolayer of 2-(terthienyl)phosphonic acid on TiO2 thin film  

Chih Wei Hsu, Institute of Polymer Science and Engineering, National Taiwan University, No.1, Sec. 4, 
Roosevelt Rd., Taipei 106, Taiwan, d92549002@ntu.edu.tw  

Self-assembled monolayers (SAMs) of conjugated terthiophene on TiO2 surface was prepared by 
exposing TiO2-coated silicon wafer to a dilute solution (0.05Mm) of 2-(terthienyl)phosphonic acid in 
tetrahydrofuran. The thus-fabricated SAMs were characterized by contact angle, angle-resolved X-ray 
photoelectron spectroscopy, atomic force microscopy and Quartz Crystal Microbalance (QCM) 
measurements. The static water contact angle raised from 36.8° for bare TiO2 substrate to 77.3° for 
SAMs, indicating the existence of hydrophobic monolayer of 2-(terthienyl)phosphonic acid. Angle-
resolved X-ray photoelectron spectroscopy studies showed that the intensity ratio of sulfur to phosphorus 
signals increased as the sample tilting-angle increased. It revealed a close packing of 2-
(terthienyl)phosphonic acid SAMs on TiO2 surface. Atomic force microscopy images demonstrated a 
smooth SAMs with a root-mean-square surface roughness of around 0.2. Surface loading of SAMs was 
determined gravimetrically to be 2.3 nmole/cm2 using (QCM). Additionally, the SAMs were fabricated 
from the phosphonic acid-containing molecules with various thiophene rings. The effect of the ring 
numbers on the absorption behavior of 2-(oligothienyl)phosphonic acid will be presented and discussed.  

 
COLL 282  

Study of conjugation of proteins with gold colloidal nanoparticles  

Kazushige Yokoyama, Department of Chemistry, SUNY College at Geneseo, One College Circle, Greene 
325A, Fax: 585-245-5288, yokoyama@geneseo.edu, Dewi Sri Hartati, Department of Chemistry, SUNY 
Geneseo, Mailbox 4502, 10 Macvittie Circle, ds11@geneseo.edu, and Winnie Sze Man Tsang, 
Department of Chemistry, SUNY Geneseo, Mailbox 4786, 10 MacVittie Circle, st10@geneseo.edu  

The key characteristic of Alzheimer disease is the formation of insoluble deposits of amyloid beta-peptide. 
We investigated a conformational change of amyloid beta 1-40 situated at a surface of gold colloidal 
nanoparticles. Absorption spectroscopy was utilized to observe the surface plasmon resonance (SPR) of 
the amyloid beta conjugated to gold colloidal nanoparticles. Various sizes of gold colloidal nanoparticles 
ranging from 5 nm to 100 nm were incorporated in this experiment. A spectral shift of the SPR band was 
observed corresponding to the color change of the solution between pH 4 and pH 10. The spectral shift 
exhibited a significant gold colloidal size dependence. Interestingly, only amyloid beta conjugated to 20 
nm gold colloidal nanoparticles displayed a reversible color change as the pH was externally altered. This 
reversibility is an important implication of the observation of a reversible step reported for the 
fibrilogenesis.  

 
COLL 283  

Study of gold colloidal nanoparticles embedded in a silica-based sol-gel  



Paul Kogan, Tonya M. Gilbert, Jeffrey R. Swana, and Kazushige Yokoyama, Department of Chemistry, 
SUNY College at Geneseo, One College Circle, Greene 325A, Geneseo, NY 14454, 
Paul.Koga@gmail.com  

Gold colloidal nanoparticles of 20 nm were embedded in a silica based sol-gel matrix and studied 
spectroscopically. The TEOS (tetraethylorthosilicate) gel precursor was mixed with the gold colloid and 
sodium tetraborate buffer (pH 9.18) in a volume ratio of 2:1:2. Among all tested buffers, pH 6-12, only 
sodium tetraborate buffer preserved gold colloidal particles in the sol-gel by demonstrating the same 
spectroscopic character as that observed by gold colloid in aqueous solutions at neutral pH, with a SPR 
(Surface Plasmon Resonance) peak at around 530 nm. Through immersion in an acidic (0.1M HCl) 
solution, a distinct color change, from red to blue, and corresponding spectral shift of the SPR peak to 
around 600 nm was observed. This suggests that the gel is permeable to acid, allowing direct contact 
between the acid and gold colloids in the gel cavities, and that the pH inside the cavity can be manually 
controlled.  

 
COLL 284  

Study of mechanical properties of insulin amyloid fibrils and crystals by AFM nanoindentation  

Senli Guo and Boris B. Akhremitchev, Department of Chemistry, Duke University, Durham, NC 27708, 
sg55@duke.edu  

AFM nanoindentation was applied to test the elastic properties of insulin amyloid fibrils and crystals. Both 
fibrils and crystals exhibited a nearly elastic response to the corresponding compressive load. The 
Young's modulus of insulin amyloid fibrils, corrected for the finite sample thickness effect, is considerably 
lower than that of insulin crystals, suggesting lower packing density in amyloid fibrils. Variation in elasticity 
among and within fibrils has been studied, showing that the Young's moduli of insulin fibrils have a 
relatively wide distribution of values. Amyloid fibrils with higher modulus were found to be more wear-
resistant during AFM scanning. The measured distribution of elasticity values of different fibrils together 
with wear-resistance tests indicates structural heterogeneity among fibrils while structure of individual 
fibrils appears to be homogenous. In addition, the mechanical wear of insulin crystal both during 
nanoindentation measurements as well as during AC mode imaging has been observed and analyzed.  

 
COLL 285  

Study of the formation of self-assembled monolayers on nitinol  

Rosalynn Quiñones and Ellen S. Gawalt, Department of Chemistry and Biochemistry, Duquesne 
University, 600 Forbes Avenue, 338 Mellon Hall, Pittsburgh, PA 15282, quinone305@duq.edu  

For the first time self-assembled monolayers (SAMs) were formed and characterized on the native oxide 
surface of nitinol. Factors affecting the formation of SAMs such as head group functionality, chain length, 
even/odd effect, and tail group were varied. Head groups of phosphonic, carboxlyic, sulfonic, and 
hydroxamic acid were tested. Phosphonic acid SAMs were the most strongly adhered. SAMs presenting 
a variety of tails groups, including methyl, hydroxyl, amino, bromo, phosphonic and carboxylic acid were 
formed. Diffuse reflectance infrared spectroscopy , contact angle, atomic force microscopy and matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) were used to 
characterize the surface before and after monolayer formation. In the long term, the formation of strongly 
adhered self-assembled monolayers may form an effective interface between the biomaterial, nitinol, and 
the human body.  



 
COLL 286  

Surface enhancement of Raman scattering using substrates patterned by nanoparticle assembly 
and e-beam lithography  

Su Il Kim1, Ju-Hyung Kang2, Yong-Hee Lee2, and Sehun Kim1. (1) Department of Chemistry and School 
of Molecular Science (BK 21), Korea Advanced Institute of Science and Technology (KAIST), 373-1 
Guseong-dong Yuseong-gu, Daejeon 305-701, South Korea, Fax: 82-42-869-2810, ksi2002@kaist.ac.kr, 
(2) Department of Physics, Korea Advanced Institute of Science and Technology (KAIST)  

SERS-active substrates were prepared using e-beam lithography and nanoparticle assembly. Using e-
beam lithography, the patterned substrates having features with circle, triangle and rectangular shapes 
were fabricated. The inter-particle distance on the patterned substrates ranges from 200 nm to 70 nm. In 
order to make SERS substrate with smaller features, we employed a combination method of sphere 
nanoparticle assembly and Langmuir-Blodgett technique. By using this method, the substrates with inter-
particle distance as small as a few nanometers were fabricated. In this presentation, we will describe the 
effects of the shape and inter-particle distance of surface nano structures on Surface Enhanced Raman 
Spectroscopy (SERS) enhancement using Rhodamine 6G as a probe molecule.  

 
COLL 287  

Surface modification and characterization of POSS-based acrylic thin films  

Kathryn Zimmermann1, Brian H. Augustine1, Wm. Christopher Hughes2, Ashley J. Figueiredo3, and 
Charles C. Chusuei4. (1) Department of Chemistry, James Madison University, MSC 4501, Harrisonburg, 
VA 22807, zimmerkj@jmu.edu, (2) Department of Physics, James Madison University, (3) Department of 
Chemistry, Sweet Briar College, (4) Department of Chemistry, University of Missouri-Rolla  

Thin films of poly(methacrylisobutylPOSS-co-methylmethacrylate) (POSS-MA) were prepared and 
exposed to a 25 W remote oxygen plasma. The effect on surface chemistry has been investigated using 
advancing contact angle, variable angle spectroscopic ellipsometry (VASE), and X-ray photoelectron 
spectroscopy (XPS). Plasma exposure was found to alter the POSS-MA surface from hydrophobic to 
hydrophilic, with a correlation found between percent oxygen in the plasma and increasing hydrophilicity. 
VASE data showed that an increase in the weight percent of POSS in the copolymer resulted in a 
significantly slower degradation of the surface by plasma oxidation. High resolution XPS data showed that 
upon plasma treatment, bonding in the Si 2p and O 1s regions changed, suggesting an increase in SiO2 
bonding. From this data, a model will be proposed in which plasma treatment oxidizes the isobutyl groups 
from the POSS cages, leaving behind a SiO2-rich surface which resists further degradation.  

 
COLL 288  

Surface modification as a means to alter adsorption and decomposition mechanisms of 
metallorganic compounds on semiconductors: Tetrakis–(dimethylamino)–titanium on clean and 
ammonia-modified silicon surfaces  

Juan Carlos F. Rodríguez-Reyes, Department of Chemistry and Biochemistry, University of Delaware, 
22 Continental Avenue, Newark, DE 19711, jcf@udel.edu, and Andrew V. Teplyakov, Department of 
Chemistry and Biochemistry, University of Delaware  



Tetrakis-(dimethylamino)-titanium (TDMAT) is an important precursor for thin film deposition. The 
mechanisms of its adsorption on Si(100) at room temperature followed by thermal decomposition are 
investigated by infrared spectroscopy, temperature-programmed desorption, X-ray photoelectron 
spectroscopy and density functional calculations. Changes in the adsorption and dissociation 
mechanisms are followed as the Si(100) surface is pretreated with ammonia, which produces additional 
nitrogen-containing reactive sites on the surface. The general pathways for adsorption and decomposition 
are strongly influenced by the nature of the surface sites. On a clean Si(100), dissociative adsorption is 
found to be an important channel, while on ammonia-treated surface, transamination reaction dominates. 
Although thermal decomposition is found to take place in three stages for all the surfaces investigated, 
the significance of each step depends on the nature of the surface species. The impact of this 
investigation on thin film deposition is discussed.  

 
COLL 289  

Surface modifications for biosensor applications  

Fei Shen1, Jan Genzer1, Orlando J. Rojas2, Patrick, V Gurgel1, and Ruben G Carbonell1. (1) Department 
of Chemical and Biomolecular Engineering, North Carolina State University, EB1 Room 2098, 911 
partners way, Raleigh, NC 27695, Fax: 919-515-3465, fshen2@ncsu.edu, (2) Forest Biomaterials 
Science and Engineering, College of Natural Resources, North Carolina State University  

Silica and gold surfaces similar to the surfaces of QCM and SPR sensors were modified to reduce 
nonspecific protein binding, and to introduce amine groups on the surface for immobilization of 
biomolecules as recognition elements. Several kinds of modification methods were compared. The silica 
surface was modified by the addition of a self-assembling monolayer (SAM) of 3-amino-propyl triethoxy 
silane (APTES)/ p-aminophenyl trimethoxy-silane (APhS) as first anchoring layer, then a short 
poly(ethylene glycol) with amine group at one end and carboxyl group at other end was coupled on the 
top of the silane SAM to reduce the nonspecific binding. The gold surface was modified by the addition of 
a SAM of thiol (HS(CH2)11EG6NH2, HS(CH2)11EG3OH and the mixture of HS(CH2)11EG6NH2 and 
HS(CH2)11EG3OH). The modified surfaces were characterized by the measurement of contact angles, 
ellipsometry, X-ray photoelectron spectroscopy (XPS), and time of flight-second ion mass spectroscopy 
(ToF-SIMS). The level of total protein binding of these surfaces was determined by QCM and SPR. 
Preliminary results shown that the surface quality of thiol SAM is better than that of silane.  

 
COLL 290  

Surface structure and properties of WO3-based hydrogen-sensing films based on sol-gel method  

Changjun Hou, Department of Chemical Engineering, Chongqing University, Sha Pin Ba Street 174, 
Chongqing 400044, China, houcj@cqu.edu.cn, Yike Tang, State Key Laboratory of Mechanical 
Transmission, Chongqing University, Danqun Huo, Department of Bioengineering, Chongqing University, 
Xiaohua Fan, chemical engineering, chongqing university, and Lifan Wei, State Key Laboratory of 
Mechanical Transmission, chongqing university  

WO3-based hydrogen-sensing thin films doped by Pt/Pd have been prepared by the Sol-Gel method 
using tungsten and H2O2 as main material and DC reactive magnetron sputtering method. The optical 
property and surface structure of the catalyst films were characterized by X- diffractometer, tunnel scan-
atomic force microscope, FT-IR, double-beam UV-VIS-NIR spectrophotometer. The XRD result indicated 
that the WO3-doped films are crystal with bigger FWHM and diffractive acuti-apices When annealed at 
460°C. The ATM result shows that the film is distinct and out-of-order parallel line structure, and the 
molecules tend to tetrahedron. When it is crystal, the molecules of the film tend to be surface center 
structure as WO6. The IR spectra indicated that the film is more distinct with the higher temperature at the 



wave band 400~1000nm. The UV spectra showed that the film has excellent hydrogen absorbing 
property, its transmission variety is about 50% to 0.2%H2/N2.  

 
COLL 291  

Surfaces and interfaces of high explosives probed by nonlinear optical spectroscopy  

S. Eric Surber1, Aaron Lozano2, Alexei Lagutchev2, and Dana D. Dlott2. (1) School of Chemical Science, 
University of Illinois, 600 S Matthews, urbana, IL 61801, surber@u.arizona.edu, (2) School of Chemical 
Sciences, University of Illinois at Urbana-Champaign  

The surfaces and interfaces of plastic explosives (PBX 9501) were studied using vibrational sum-
frequency generation spectroscopy (SFG). SFG is a surface and interface selective nonlinear optical 
spectroscopy technique that allows us to inspect the interfaces within plastic explosive. The interfaces of 
interest are the explosive crystal to plastic binder and also the crystal-crystal interface. We initially studied 
the surfaces of the components of plastic explosives i.e. HMX crystals and a plastic binder, Estane. Our 
initial results showed that solution grown β-HMX crystals has small deposits of the δ-HMX isomorphs on 
its surface. We also found that rapid evaporation from droplets of HMX solution produces nanocrystals of 
only δ-HMX; presumably because the polar boat conformation of δ-HMX is stabilize by polar solvents. A 
detail study of the surface vibrational modes of β-HMX was also carried out on a cleaved HMX crystal.  

 
COLL 292  

Suspended self-assembled opal membranes  

Andrew K. Bohaty and Ilya Zharov, Department of Chemistry, University of Utah, 315 S 1400 E, Salt 
Lake City, UT 84112, bohaty@chem.utah.edu  

Opal membranes suspended inside frustum-shaped openings in 0.3-mm-thick silicon wafer or inside 
cylindrical holes in 0.15-mm-thick glass cover slips have been prepared by self-assembly of silica spheres 
of 170 - 440 nm diameter. Opal membrane formation was achieved by placing the substrates vertically in 
a colloidal solution of silica spheres and allowing the solvent to evaporate at room temperature. Opal 
membranes were prepared in openings ranging between 0.0016 mm2 to 1 mm2 and thicknesses ranging 
from 0.03 to 0.3 mm. Diffusion rates of charged dyes were studied as a function of opal membrane size 
and thickness, and were found to be in good agreement with the calculated rates, confirming that no 
major defects are present in the membranes. Opal membranes were modified with 3-
aminopropyltriethoxysilane and diffusion rates for charged dyes were studied as a function of pH to 
evaluate the permselectivity of the surface-modified opal membranes to charged species.  

 
COLL 293  

Synergistic effects in antimicrobial polymers: Synthesis, characterization, and antimicrobial 
testing  

Kristi Rose Keller, Mathias Research Group, University of Southern Mississippi, University of Southern 
Mississippi, Hattiesburg, MS 39406-0076, kristi.keller@snc.edu  

Synergistic Effects in Antimicrobial Polymers: Synthesis and Characterization, and Antibacterial Activities 
Kristi R. Keller, Bekir Dizman, and Lon J. Mathias Department of Polymer Science and Department of 
Biological Science. The University of Southern Mississippi, Hattiesburg, Mississippi 39406-0076  



A series of monomers and copolymers with prospective antimicrobial properties have been synthesized. 
The monomers and copolymers were characterized using 1H and 13C NMR, FT-IR, and 
thermogravimetric analysis (TGA). The antibacterial properties of the monomers and copolymers are 
being investigated against S. aureus and E. coli. lon.mathias@usm.edu  

 
COLL 294  

Synthesis and characterization of ω-functional alkylphosphonic acids to be used as self-
assembling monolayers on titanium dioxide  

Victoria Dougherty and Dave Johnson, Department of Chemistry, University of Texas at San Antonio, 
One UTSA Circle, San Antonio, TX 78249, Fax: 210-458-7428, victoria.dougherty@utsa.edu  

ω-Functionalized alkylphosphonic acids (ω-FAPA) form the basis for functional self-assembling 
monolayers (SAMs) on titanium metal through chelation of native titanium oxide with the phosphonate. A 
series of ω-FAPAs were synthesized using atom transfer radical addition (ATRA) to yield ω-FAPAs with –
Me, –COOH, –OH, –NH2, –Cl, and –CBz terminal moieties. The resulting ω-FAPAs were characterized 
using APCI-MS, NMR (13C, 1H), FTIR, and UV-VIS. SAMs were formed from the ω-FAPAs and 
characterized by goniometry and X-ray Photoelectron Spectroscopy (XPS). The data was consistent with 
hydrophobic surfaces presenting the desired functionality at the monolayer interface.  

 
COLL 295  

Synthesis and characterization of alkanethiolate monolayer-protected Au38 clusters  

Junhyung Kim, Kesta Lema, Macmillan Ukaigwe, and Dongil Lee, Department of Chemistry, Western 
Michigan University, 1903 West Michigan Ave, Kalamazoo, MI 49008, Fax: 269-387-2909, 
jun.h.kim@wmich.edu, dongil.lee@wmich.edu  

Monolayer-protected 38-gold atom clusters (MPCs) passivated with various lengths of alkanethiolates, 
S(CH2)nCH3, where n = 3, 5, 7, 9, and 11, have been synthesized by selective removal of protecting 
layers. The nanoparticles are relatively monodisperse and the average core sizes determined by 
transmission electron microscopy (TEM) are invariably 1.1 nm in diameter. These small gold 
nanoparticles exhibit optical and electrochemical characteristics of molecule-like Au38 MPCs. The 
nanoparticle charging peaks in voltammograms are unevenly spaced, reflecting the discretization and 
spacing of electronic levels of Au38 core. Optical absorbance spectra of these small MPCs display 
distinct steplike structures, representing molecular behavior. The synthetic mechanisms and potential 
extensions of this synthetic method will be discussed.  

 
COLL 296  

Synthesis of responsive fluorescent nanoparticles  

Volodymyr Tsyalkovsky1, Viktor Klep1, Robert Lupitskyy2, Sergiy Minko3, and Igor Luzinov1. (1) School 
of Materials Science and Engineering, Clemson University, Clemson, SC 29634-0971, 
vtsyalk@CLEMSON.EDU, (2) Department of Chemistry, Clarkson University, (3) Department of 
Chemistry, Clarkson University  

Approach to the fabrication of novel fluorescent colloidal system based on nanoparticles with active 
functional coating is reported. The fluorescent nanoparticles can be used for various biological and 



information technology applications. The active colloidal system has ability to respond in a controlled 
fashion to external stimuli via reorganization of mixed (binary) polymer brush covering the nanoparticles. 
Poly(glycidyl methacrylate) labeled with Rhodamine B was used to form a reactive (fluorescent) anchoring 
shell on the nanoparticle surface. This shell was utilized to prepare the mixed polymer brush on the 
spherical surface via “grafting to” technique. Poly(2-vinylpyridine) and poly(ethylene glycol) chains were 
used to prepare the dualistic polymer layer.  

 
COLL 297  

Synthesis of thiophene derivatives and their applications in developing tobacco mosaic virus 
composite fibers  

Siqi Li, Zhongwei Niu, Michael Bruckman, and Qian Wang, Department of Chemistry and Biochemistry, 
University of South Carolina, 631 Sumter Street, Columbia, SC 29208, Li@mail.chem.sc.edu  

The one-dimensional self-assembly of tobacco mosaic virus (TMV) assisted with the polymerization of 
thiophene and ethylene dihydroxythiophene (EDOT) derivatives will be reported. Charged groups were 
introduced into the side chain of EDOT to increase the water solubility and enhance the interaction with 
the exterior surface of TMV. For example, a sulfonic acid derivative of EDOT, EDTS (4-(2,3-dihydro-
thieno[3,4-b] [1,4]dioxin-2-ylmethoxy)-propane-1-sulfonic acid sodium salt), was synthesized and 
characterized. When incubated with TMV under oxidative conditions, oligo EDTS formed on the surface 
of TMV, leading to fiber-like composite materials, and further to bundles after longer reaction time. The 
final TMV-hybridized fibers were analyzed by transmission electron microscopy, atomic force microscopy 
and small angle x-ray scattering. Several factors that have impact on the assembly process, such as 
EDTS concentration, assembly time, assembly pH, oxidant, additive salts and other monomers, were 
explored to reveal the assembly mechanism.  

 
COLL 298  

Synthesis, characterization and optical spectroscopy of silver nanoprisms  

Gopala Krishna Darbha1, Anandhi Ray1, and Paresh Ray2. (1) chemistry, Jackson State University, 
1400 lynch street, jackson, MS 39217, gkdarbha80@yahoo.com, (2) Chemistry, Jackson State University  

The synthesis and optical properties of silver nanoprisms have been investigated. Nanoprism growth rate 
was monitored using Surface Plasmon Resonance spectroscopy. The surface plasmon absorption 
maximum is found to depend on size. The effects of size, shape, and composition on the plasmon 
absorption maximum and its bandwidth are discussed The experimental optical spectra compared with 
theoretical results using Mie theory and discrete dipole approximation method.  

 
COLL 299  

Templated synthesis of cobalt nanoparticles from a Co16–resorcinarene complex  

Jie Liu and Alexander Wei, Department of Chemistry, Purdue University, 560 Oval Drive, West Lafayette, 
IN 47907, Fax: 765-494-0239, jieliu@purdue.edu  

Hexadecanuclear organometallic complex 2 has been prepared by the condensation of resorcinarene 
octapropargyl ether 1 with dicobalt octacarbonyl. Thermal decomposition of 2 results in the formation of 
small Co nanoclusters (1-2 nm). Our studies thus far suggest that the macrocyclic resorcinarene 



promotes particle nucleation by templating the organization and presentation of the Co atoms, and 
protects the nanoclusters from further aggregation. A model for the templating process will be presented, 
based on spectroscopic and transmission electron microscopy studies.  

 

 
COLL 300  

The deposition morphology of Brownian/non-Brownian particles within a constricted tube  

You-Im Chang, Department of Chemical Engineering, Tunghai University, Taichung 40704, Taiwan, Fax: 
00886-4-23590009, yichang@mail.thu.edu.tw  

The deposition morphology of Brownian/non-Brownian particles within a constricted tube is investigated 
by applying the Brownian dynamics simulation method in the present paper. Two different geometric 
structures, the parabolic constricted tube (PCT) and the sinusoidal constricted tube (SCT), are adopted. 
The effect of various types of the total interaction energy curves of DLVO theory, and of the shadow area 
cast by those deposited particles, on the particles' collection efficiencies are also examined. For the PCT 
structure, under the same interaction energy curve, it is found that the non-Brownian particles always own 
a higher collection efficiency than that of the Brownian particles. Since the deposition location moves 
closer to the constriction part of the tube, the collection efficiencies of the Brownian/non-Brownian 
particles increase with the decrease of flow velocity. The SCT behaves differently, it is found that the 
collection efficiencies of non-Brownian particles are only slightly higher than those of Brownian particles 
when SCT is adopted. The steep slope of the tube wall near the constriction part of SCT dominates the 
whole deposition process of Brownian/non-Brownian particles. In comparison with the available 
experimental data, it is found that the present method can give a good simulation result.  

 
COLL 301  

The effects of including N-terminally alkylated peptoid mimics of lung surfactant protein C on the 
in vitro surface activity of mixed lipid-peptoid films  

Michelle T. Dohm1, Andrey Ivankin2, Nathan J. Brown3, Chao Liu2, David Gidalevitz2, and Annelise E. 
Barron4. (1) Department of Chemistry, Northwestern Univeristy, 2145 Sheridan Road, Evanston, IL 
60208, Fax: 847-491-3728, m-dohm@northwestern.edu, (2) Department of Chemical Engineering, Illinois 
Institute of Technology, (3) Department of Chemical and Biological Engineering, Northwestern Univeristy, 
(4) Department of Chemical and Biological Engineering, Northwestern University  

The development of a biomimetic lung surfactant replacement containing functional mimics of 
hydrophobic surfactant proteins B and C (SP-B and SP-C) is of significant interest for the treatment of 
respiratory distress syndrome and other pulmonary disorders. SP-C, 35 amino acid long, possesses two 
N-terminal palmitoyl groups believed to be important for its dynamic surface-tension-reducing behavior at 
the alveolar air-liquid interface. Alkylated poly-N-substituted glycine (“peptoid”) mimics of SP-C have 
exhibited good in vitro surface activity and much-reduced tendency to aggregate in solution, 
characteristics advantageous for therapeutic applicability. The impact of N-terminal alkylation on surface-



active behavior was investigated in mixed lipid films containing SP-C peptoid mimics via X-ray reflectivity 
and grazing incidence X-ray diffraction. Measurements were recorded at constant surface pressure over 
a range from 5-60 mN/m for films containing unalkylated or alkylated mimics. The phase morphology was 
visualized by epifluorescence microscopic imaging. Intriguing changes in monolayer organization are 
observed upon alkylation.  

 
COLL 302  

The use of artificial neural network (ANN) as well as various mathematically formulae to rank the 
applicability of proposed models for attaining the surface free energy of powders  

Samad Ahadian, Siamak Moradian, and Mohsen Mohseni, Department of Polymer and Color 
Engineering, Amirkabir University of Technology, Tehran, Iran, samad_ahadian@yahoo.com, 
mmohseni@cic.aut.ac.ir  

This study is an attempt to evaluate the applicability of various proposed mathematical approaches to 
calculate the surface free energy of commercially available powders. The capillary rise experiments were 
employed to achieve the contact angle between fifteen powders and seven corresponding liquids by 
means of the modified Lucas-Washburn's equation. These powders provided a vast range of physical 
properties. The surface free energy of powders was then calculated using different approaches inclusive 
of Owens and Wendt, harmonic mean, geometric mean, combined mean (i.e. combination of harmonic 
and geometric mean) and Neumann et al. models. Mathematical approaches were used to assess the 
accuracy of the calculated surface free energy and its components of powders. A series of 1st, 2nd and 
3rd order functions as well as an experimental one were developed and put to test for one, two and three 
parameter variables of liquid surface tension. Unfortunately, all such functions did not perform well in 
correctly estimating the contact angles of the liquid/powder systems (i.e. r2 range being 0.48-0.68 and 
PF/3 range being 114-312). On the other hand, a series of trained artificial neural networks (ANNs) 
comparatively gave good correlations predicting with unsurpassed accuracy the contact angles of the 
same corresponding liquid/powder systems (i.e. r2 range being 0.93-0.94 and PF/3 range being 30-55). 
Therefore, the attained and tested ANNs were used further to provide the surface free energy of the 
fifteen powders. In addition, the ANNs were also employed to rank the surface free energies of powders 
as well as their corresponding components as calculated by other models. The results showed that the 
geometric mean model was able to calculate the surface free energy of powders with more accuracy than 
all the other methods.  

 
COLL 303  

Toxic metal ion removal by coated activated carbon  

Carmin Burrel and Anselm Omoike, Department of Chemistry and Biochemistry, The University of 
Michigan-Flint, Flint, MI 48502-1950, Fax: 810-766-6693, cburrell@umflint.edu, ansomo@umflint.edu  

Dissolved organic matter (DOM) influences a variety of environmental relevant processes such as 
contaminant sorption and cycling. In this study, tannic acid, often used as a surrogate for DOM, and well 
characterized natural organic matter (NOM) were used to coat the surface of activated carbon. The 
adsorption onto the surface was monitored by UV which indicated higher removal of the tannic acid, as 
compared to NOM, from solution at equilibrium. Changes in the spectra from FTIR spectrocopy confirm 
that the activated carbon particles were coated. The metal ion adsorption properties of these coated 
particles were then evaluated with three toxic metal ions (copper, iron and zinc).  

 
COLL 304  



Unusual magnetic properties of PbS nanoparticles bound via 1,8-octanedithiol to a p-type of GaAs 
surface  

Alexander Zakrassov, Department of Chemical Physics, Weizmann Institute of Science, Rehovot 76100, 
Israel, alexander.zakrassov@weizmann.ac.il, Grigory Leitus, Department of Chemical Research Support, 
The Weizmann Institute of Science, Sidney Cohen, Department of Chemical Research Support, 
Weizmann Institute of Science, and Ron Naaman, Chemical Physics, Weizmann Institute  

ooperative effects generate new electronic and magnetic properties in closed packed organized organic 
self-assembled monolayers. For many thiolated molecules self-assembled on gold, a surprisingly large 
magnetic signal was observed [1-5]. This new type of “interface magnetism” is not yet theoretically 
explained. In an attempt to probe another aspect of this new effect, PbS nanoparticles with diameters of 
4.2 and 8.2 nm were attached to a p-type of GaAs surface through a self-assembled monolayer of 1,8-
octanedithiol. The nanoparticles distribution on the surface was characterized by Atomic Force 
Microscopy. Field dependent magnetization measurements performed at 5 and 300 K show a 
paramagnetic signal in the low field region. The magnetic susceptibility of the samples is temperature 
dependent. The paramagnetic behavior of the samples is explained in terms of charge transfer through 
the organic monolayer and orbital magnetism.  

1. R. Naaman and Z. Vager, PCCP, 8, 2217 (2006). 2. I. Carmeli, G. Leitus, R. Naaman, S. Reich, Z. 
Vager, J. Chem. Phys. 118, 10372 (2003) 3. P. Crespo et al, Phys. Rev. Lett. 93, 087204 (2004). 4. Y. 
Yamamoto et al., Phys. Rev. Lett., 93,116801 (2004); H. Hori, et al., Phys. Lett. A, 263, 406-410 (1999). 
5. M. Venkatesan, C.B. Fitzgerald, J.M.D. Coey, Nature, 430,630 (2004); J.M.D. Coey, Solid State Sc. 7, 
660-667 (2004).  

 
COLL 305  

Vesicle-forming iodine contrast agents  

Don B. Elrod, Ranga Partha, Delia Danila, S. Ward Casscells, and Jodie L. Conyers, The University of 
Texas Health Science Center at Houston, 7000 Fannin Street, Houston, TX 77030, Fax: 832-355-9368, 
Don.Elrod@uth.tmc.edu  

Liposomes have been prepared from a single diiodophophatidylchloline analog to be employed as 
multifunctional nanoparticles where they will serve as carriers for pharmaceutical agents as well as 
imaging agents for computed tomography. Drug therapy to treat diseased tissue and imaging to follow 
disease progression or regression could then be performed simultaneously.  

 
COLL 306  

Waterborne nanocomposite pressure-sensitive adhesives: Achieving enhanced adhesion 
combined with electrical conductivity  

T. Wang1, C-H. Lei1, A. B. Dalton1, M. Manea2, JM. Asua2, and J. L. Keddie1. (1) Department of Physics, 
School of Electronics and Physical Sciences, University of Surrey, Guildford, United Kingdom, 
t.wang@surrey.ac.uk, j.keddie@surrey.ac.uk, (2) The University of the Basque Country, Institute for 
Polymer Materials (POLYMAT)  

A new type of waterborne, pressure-sensitive adhesive (PSA) has been developed and found to exhibit 
outstanding properties. PSA films are cast from a colloidal dispersion of poly(butyl acrylate) and single-
walled carbon nanotubes (SWNT). The SWNT is functionalised with poly(vinyl alcohol) to render it 



hydrophilic and to disperse it in water. According to measurements of electrical conductivity, the 
percolation of the SWNT is found to occur above a concentration of 0.25 wt.%. This percolation threshold 
is much lower than what is usually observed for nanotube dispersed in polymers prepared by solvent 
casting or melt processing. One main advantage of a low percolation threshold is that electrically 
conducting films are transparent. At the percolation threshold, abrupt changes in the adhesive 
characteristics are observed, as found with probe-tack measurements. The amount of strain at failure in 
the nanocomposite PSA is greater by a factor of two compared to the pure latex PSA. The adhesion 
energy increases by about 85% with addition of the SWNT at the percolation threshold.  

Optical images reveal that the addition of SWNT to the adhesive has an impact on the development of 
cavities during de-bonding from the substrate and on the subsequent development of fibriles during 
extension of the adhesive. These effects of the SWNTs on the mechanisms of the de-bonding process 
can be explained in the light of observations copuled with recent models of cavitation and fibrillation. This 
nanocomposite PSA offers many attractive characteristics, including ease of processing, no organic 
solvent emission, electrical conductivity (on the order of 10 S/m), increased adhesion energy, optical 
clarity, and increased adhesive strain.  

 
COLL 307  

Improved nanodiamond solvent formulations  

Suzanne Ciftan Hens, Scott L Wallen, Vavara Grichko, Garry B Cunningham, Matthew Casulli, and Olga 
Shenderova, International Technology Center, 8100 Brownleigh Rd, Suite 120, Raleigh, NC 27617, Fax: 
919-881-0440, shens@itc-inc.org  

Nanodiamond solvent formulations have been investigated with the aim of achieving stable liquid 
suspensions. Nanodiamond (ND) particles synthesized by detonation have numerous oxygen-containing 
chemical groups on the surface and, thus, are intrinsically hydrophilic. These particles are 4-5 nm round-
shaped monocrystals that form tightly and loosely bound aggregates of approximately 50 nm and 100-
200 nm in diameter, respectively. In addition, detonation NDs have large specific surface areas (300-400 
m2 g 1). In this work, we are investigating the mechanism of solvent interactions with nanodiamonds. We 
will demonstrate that new solvent formulations can improve the purification and fractionation of products. 
In addition, we will show that nanodiamond formulations enhance process applications, including surface 
biofunctionalization, electroplating, chemical mechanical polishing, and CVD substrate fabrication.  

 
COLL 308  

Protein capture and detection with bioconjugate nanodiamond probes  

Suzanne Ciftan Hens, Garry B Cunningham, Vavara Grichko, and Olga Shenderova, International 
Technology Center, 8100 Brownleigh Road, Suite 120, Raleigh, NC 27617, Fax: 919-881-0440, 
shens@itc-inc.org  

Nanodiamonds (NDs) are promising solid-phase biological capture probes because they are nanometer 
sized, have a large ratio of surface area to volume, and can be detected by luminescence using broad 
spectrum light sources. In addition, NDs are biocompatible, stable, and can be detected using IR sources. 
However, the size, purity and surface chemistry of detonation NDs vary considerably from one 
manufacturer to another. In previous work, we have shown that fractionation of nanodiamond sizes by 
centrifugation is possible. Now, the need of obtaining purity of products of similar size is necessary. To do 
this, we have systematically modified nanodiamond surface functional groups by wet chemistry synthetic 
methods to produce a library of nanodiamond products. These products can be fractionated into different 
sizes. This ND library will be used for additional chemical modifications that are tailored for specific 



binding of biological targets. Collection methods for ND probe bioconjugates will be evaluated for their 
speed, portability, and purity of products.  

 
COLL 309  

"Hairy" magnetic micro and nanoparticles for diagnostic applications  

Virginie Audonnet1, Lucie Korecká2, Bertrand De Lambert1, Zuzana Bilkova2, and Jean-Louis Viovy1. (1) 
UMR CNRS/IC 168 Laboratoire Physico-Chimie Curie, Institut Curie, 11 rue Pierre et Marie Curie, Paris 
75005, France, Fax: (33) 1 40 51 06 36, virginie.audonnet@curie.fr, (2) Dept. Of BBS, University of 
Pardubice  

Magnetic particles are widely used as carriers for biomolecules in diagnostics. Thus, surface 
functionalization of beads are now of a great interest to enhance immunoassays.  

In this study, we report a new polymeric coating on magnetic particles leading to thick polymer brushes at 
the surface of the particles. These brushes include reactive functions for the attachments of biomolecules 
of interest, such as antibodies, enzymes or nucleic acids. “Hairy beads”, thus obtained, are characterized 
by zeta and size measurements, Transmission Electron Microscopy (TEM) (fig a) and Cryo-TEM (fig b1 
and b2).  

The elaborated coated particles offer the advantages of decreasing non specific interactions and easy 
binding of proteins. The prepared particles were tested for their ability of supporting immunoassays. They 
were labelled with Immunoglobulin G (IgG) and compared with naked beads and beads functionalized by 
conventional carbo-diimide coupling, for applications involving immunocapture and enzymatic digestion.  
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Core-shell nanostructures: Titanium on silica  



Liang Zhou1, Mayela Ramirez-Huerta1, and Mark D. Soucek2. (1) Department of Polymer Engineering, 
The University of Akron, Akron, OH 44325, lzhou@uakron.edu, mr32@uakron.edu, (2) Department of 
Polymer Engineering, The University of Akron, 250 South Forge Street, Akron, OH 44325-0301, Fax: 
330-258-2339, msoucek@uakron.edu  

The ability to control the size of the metal-oxo-colloids based upon tetraethoxysilane (TEOS) oligomers 
and titanium tetra-i-propoxide (TIP) or titanium (di-i-propoxide) bis(acetylacetonate) (TIA) precursors were 
developed with sol-gel technique. Transmission electron microscopy, FTIR, UV-Vis, and 
photoluminescence were used to explicate the composition, the size, and the optical properties of these 
Si/TIP and SI/TIA core-shell colloids. The presence of hetero bonded silicate structure (Si-O-Ti) was 
indicated by FT-IR technique. The size of Si/TIP system changed from 35-100 nm and Si/TIA system 
changed from 150-180 nm. Also the results from transmission electron microscopy indicated that the size 
of colloids can be controlled with the change of TIP or TIA precursors content. The emission peak of 
Si/TIP and Si/TIA systems showed photoluminescence at 329 nm. Also, Si/TIP and Si/TIA systems 
exhibited excellent UV blocking ability. A schematic model was proposed to address structural feature of 
such core (silica)-shell (titanium) nano materials.  

 
COLL 311  

Micron-sized crystallites from Ag nanocrystals embedded in a film  

Donald D. Johnson Jr., Benjamin C. Tway, William Sohn, John L. Vigorita, and Eileen M. Spain, 
Department of Chemistry, Occidental College, 1600 Campus Road, Los Angeles, CA 90041, Fax: 323-
341-4912, djohnson@oxy.edu  

One key pursuit over the past decade in the field of nanoscience has been the purposeful construction 
and characterization of micron and millimeter scale materials composed of metallic nanocrystals, 
sometimes termed quantum dots or “artificial atoms.” In our work, the artificial atoms are 5 nm passivated 
Ag nanocrystals, and these are densely packed into a film at the organic-aqueous liquid interface, a facile 
method developed in our laboratory to embed Ag nanocrystals in a film. The resulting film is displaced 
from the interface and manipulated to allow larger scale solid materials to form. These crystallites are 
characterized with Differential Interference Contrast (DIC) Microscopy, Atomic Force Microscopy (AFM), 
Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM). Our significant 
findings are that amber-colored crystallites on the 5 to 25 micron scale are easily created, and that these 
amber-colored crystallites are composed of individual Ag nanocrystals.  

 
COLL 312  

Study on copper-cobalt-based catalysts promoted by plasma for higher alcohols synthesis  

Lihong Huang, College of Materials and chemistry & chemical engineering, Chengdu University of 
Technology, Chengdu 610059, China, Fax: +86-28-85405819, hlhscu@yahoo.com.cn, Jie Li, Chengdu 
Huize Company Limited, Junda Liu, College of Materials and Chemistry & Chemical Engineering, Chendu 
University of Technology, and Wei Chu, Department of Chemical Engineering, Sichuan University  

The copper-cobalt-based catalysts promoted by glow discharge plasma were prepared by impregnation, 
tested in higher alcohols synthesis via CO hydrogenation, and characterized by TPR, H2-TPD, CO-TPD, 
XRD, TEM and XPS. Glow discharge plasma, which was introduced in the preparation of copper-cobalt 
based catalysts, induced a decrease in catalysts crystallize mean size, and an increase in active 
components dispersion as well as the formation of active centers. Consequently, the surroundings of 
active components were modified, and the reduction properties were improved. In result, the adsorption 
capacity of reactants as H2 or CO was improved remarkably. Meanwhile, the results of catalytic tests 



suggested that the plasma intensity and atmospheres were the main factors for the catalytic performance 
over promoted catalysts. The catalysts treated with appropriate intensity and atmosphere in plasma, 
performed better for higher alcohols synthesis.  

 
COLL 313  

Dendrimer-mediated synthesis of magnetic nanoparticles: CoPt  

Haiying Wan1, Litao Bai1, Gregory B. Thompson2, Mohammad Shamsuzzoha3, and Shane C. Street1. (1) 
Department of Chemistry, University of Alabama, Box 870336, Tuscaloosa, AL 35487, Fax: 205-348-
9104, wan002@bama.ua.edu, (2) Metallurgical and Materials Engineering, University of Alabama, (3) 
Central Analytical Facility, University of Alabama  

Magnetic nanoparticles are attractive for data storage devices in various media. Here, CoPt nanoparticles 
are synthesized in aqueous solutions using poly (amidoamine) (PAMAM) dendrimers as a template to 
coordinate precursor ions. Subsequent reduction is either by UV irradiation or by chemical reducing agent 
to obtain the zerovalent alloy. We have characterized the nanoparticles by high resolution TEM, XRD, 
and magnetic measurements. Evidence is presented for the formation of L10 CoPt at room temperature. 
We have also used the CoPt nanoparticles to decorate silica spheres. Our results show that the diameter 
of the silica spheres and dispersion of CoPt nanoparticles significantly influence the coercivity.  

 
COLL 314  

Cellular interactions on nanostructured polyelectrolyte multilayers  

Ju-Yong Seo, Won-Hee Pyun, and Sung Yun Yang, Department of Polymer and Biomaterials 
Engineering, Chungnam National University, 220 Gung-Dong, Yuseong-Gu, Daejeon, South Korea  

Cellular interactions onto the polymeric surfaces which prepared with polyelectrolytes by layer-by-layer 
process using H-bonding interactions were studied. Hydrogen-bonded multilayers containing 
polyacrylamide (PAAm) that assembled with weak polyelectrolytes, such as poly(acrylic acid) (PAA) or 
polyaspartic acid (PASA) were investigated for their surface-cell interactions. The assembled films were 
lightly crosslinked thermally in order to render them stable in a physiological environment. Both 
PAA/PAAm and PASA/PAAm multilayers were found to exhibit a high resistance to the adhesion 
(cytophobicity) of mammalian cells, (epithelial cell and blood cell), even with only a few nanometer-thick 
coating. PASA is a biodegradable polymer; therefore, the unmodified form may not be stable as a surface 
coating. However, the well blended PASA/PAAm multilayer films exhibit the cell-adhesion resistance 
property without a significant film deformation at least more than a week. More interestingly, one 
additional coating of polycationic layer rendered the cell-resistant surface into the cell-adhesive surface. 
Using the reactive carboxylic acid groups remaining after the multilayer assembly, antibacterial 
nanoparticles were also synthesized.  

 
COLL 315  

Exchange reactions in lipid vesicle–polyelectrolyte system  

Ekaterina G. Yaroslavova, Andrey V. Sybachin, Ekaterina A. Litmanovich, and Alexander A. Yaroslavov, 
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  



The work deals with interaction of a cationic polymer, poly(N-ethyl-4-vinylpyridinium bromide), with binary 
lipid vesicles composed of negative cardiolipin (CL2-) and neutral egg lecithin (EL), and ternary vesicles, 
additionally hydrophilized due to incorporation a nonionogenic one-tail surfactant, polyoxyethylene 20 
cetyl ether (Brij 58), into the vesicular membrane. The polycation is quantitatively bound to both types of 
vesicles; however, it can be removed from the membrane by addition of a low molecular salt or a linear 
polyanion. Binding of polycation to the CL2-/EL (1/9 mol/mol) binary vesicles is accompanied by 
neutralization of the surface charge of vesicles and their aggregation. In contrast to this, the CL2-/EL/Brij 
(1/6/3) ternary vesicles do not aggregate at any polycation/vesicle ratio. Polycation macromolecules are 
able to migrate between the hydrophilized ternary vesicles. The results, obtained with model polycation-
vesicle system, are of importance for interpreting biological effects of synthetic polyelectrolytes.  

 
COLL 316  

Exploring chemistry of bacterial predation using external measurements of bdelloplasts formed 
from heat-killed and UV-killed Escherichia coli  

Jaclyn Schmitt, Megan A Ferguson, and Eileen M. Spain, Department of Chemistry, Occidental College, 
1600 Campus Road, Los Angeles, CA 90041, jschmitt@oxy.edu  

Bdellovibrio bacteriovorus preys on gram-negative cells by attaching to the prey cell, releasing enzymes 
to locally break down its outer membrane, and entering to propagate within the periplasmic space of the 
host. This latter phase of the B. bacteriovorus life cycle is known as a bdelloplast. These bdelloplasts 
have been imaged with atomic force microscopy (AFM) in order to investigate the chemical and 
biophysical changes induced by the consumption of the prey. Previous research has shown that B. 
bacteriovorus preying on healthy or UV-killed Escherichia coli forms a rounded bdelloplast, whereas 
bdelloplasts formed on heat-killed E. coli are rod-shaped. We have induced different kill times and 
conditions on the ZK1056 strain of E. coli before feeding them to B. bacteriovorus and examining with 
AFM. B. bacteriovorus was successfully propagated on both UV-treated and heat-treated E. coli, and 
preliminary AFM characterization of bdelloplasts has been conducted.  

 
COLL 317  

Molecular recognition of chromophore molecules  

Rosangelly Flores, Department of Chemistry, Purdue University, 206 S. Intramural Dr. BMED, and 
Albena Ivanisevic, Biomedical Engineering and Chemistry, Purdue University, albena@purdue.edu  

We report the design and characterization of quartz surfaces that can be used to anchor retinal 
molecules. The amine terminated substrates were engineered in order to mimic the environment of the 
opsin protein which accommodates the binding of chromophore molecules in the human eye. Each 
surface coupling step was characterized by water contact angle measurements, ellipsometry, atomic 
force microscopy, x-ray photoelectron spectroscopy, and transmission infrared spectroscopy. These 
spectroscopic techniques confirmed that the three chromophore molecules can bind to the surface using 
the terminated amine groups on the substrate and form a Schiff base. Upon the validation of the surface 
modification strategy we functionalized silicon based microcantilevers and used them to detect the 
binding of chromophore molecules to surfaces. Our studies can be used in the fabrication of novel 
transducers for the detection of different types of chromophores.  

 
COLL 318  

Multiple cleavages of metal-coated DNA on a surface  



Albena Ivanisevic and John W. J. Slavin, Biomedical Engineering and Chemistry, Purdue University, 
West Lafayette, IN 47907, albena@purdue.edu  

We demonstrate that two restriction enzymes, BamH1 and EcoR1, are able to recognize specific sites on 
cationic, gold nanoparticle coated DNA templates, even when they are placed on a surface. This study 
demonstrates that multiple, successive cleavages can be performed in a controlled manner. The analysis 
tracks the cleavages of the coated DNA in solution, followed by separation with gel electrophoresis. The 
activity of the enzyme towards the surface bound structures using enzymatic cleavage by either a single 
step or multiple steps was evaluated by atomic force microscopy. Our studies demonstrate that restriction 
enzymes can be used to selectively cut templated structures in solution or on surfaces in a massively 
parallel and inexpensive way.  

 
COLL 319  

On-chip synthesis, assay, and label-free detection of peptide arrays  

Adam H Eisenberg1, Stacey Kigar2, and Milan Mrksich1. (1) Department of Chemistry and Howard 
Hughes Medical Institute, University of Chicago, 929 E 57th Street, Chicago, IL 60637, 
eisenber@uchicago.edu, (2) Department of Chemistry, University of Chicago  

This poster will illustrate a method of synthesizing peptide arrays directly on-chip that can then be used to 
screen small biomoleclues. Although a common method to construct peptide arrays depends on simply 
attaching finished peptides to treated surfaces, it becomes prohibitively expensive to synthesize 
thousands of unique sequences by these applications. Here, we describe a straight-forward and efficient 
method to prepare and characterize peptide arrays in situ on self-assembled monolayers with detection 
by MALDI-MS. This method alleviates the need for costly stockpiles of unique peptide sequences or non-
standard and artificial molecular labels and tags. Examples of bioassays will be included that show how 
these arrays can be used to investigate the sequence specificity and dependence of kinases and 
proteases.  

 
COLL 320  

Protein recruitment to raft domains: A planar model membrane study  

Ann Carol Kimble-Hill, Department of Chemistry & Chemical Biology, Indiana University Purdue 
University Indianapolis, 402 N Blackford St, LD 326, Indianapolis, IN 46202, Fax: 317-274-4701, 
ankimble@chem.iupui.edu, and Christoph A Naumann, Department of Chemistry and Chemical Biology, 
Indiana University Purdue University Indianapolis  

To explore biophysical mechanisms of protein recruitment to lipid rafts, three types of proteins (raft 
associated GPI-anchored FcγRIII; non-raft associated Transferrin receptor and bacteriorhodopsin; and 
non-specific affinity αVβ3 integrins) have been reconstituted into two planar model membrane systems 
(polymer-tethered phospholipids bilayers and tethered double bilayers) containing raft-mimicking lipid 
mixtures. The double bilayer is an important tool because it provides a less hindered environment farther 
removed from the solid support with fewer tethering associations. This combined epifluorescence 
microscopy and fluorescence correlation spectroscopy approach studies the co-localization of these 
membrane proteins with respect to raft domains, as well as their lateral and rotational mobility. 
Characterization of the phase behavior/fluidity in these membranes using various mixtures was done for 
direct comparison to protein mobility during recruitment. Experimental results are discussed in terms of 
two potential mechanisms of protein recruitment, including those based on binding ligands and 
cholesterol-rich lipid shells around the membrane proteins.  



 
COLL 321  

Research of neutral deinking agents  

Wang Liucheng1, CHEN Jie2, Zhao Jianhong1, Song Chengying1, and ZHANG Zhan2. (1) Chemical 
engineering, Zhengzhou University, Wenhua 97th,Road, Zhengzhou 450002, China, Fax: +86-371-
63887327, liuzhisheng8106@sohu.com, (2) College of Chemical Engineering, Zhengzhou University, No. 
97, Wenhua road, Zhengzhou, China, chenjie_219@163.com  

Deinking agents is an important chemical stock in waste-paper recycle, and its performance will influence 
the quality of secondary fibre. This paper studied the deinking effects of single anionic surfactants ,single 
nonionic surfactants and multi-built system consisted of anionic and nonionic surfactants. The optimum 
component for neutral deinking is:a. higher fatty acid(soap),b. a first nonionic surfactant material 
represented by the formula:CmO(OC2H4)nH,where m is between 12 and 18,n is between 4 and 8,c.a 
second nonionic surfactant which is one ethylene oxide adduct of a alcohol having in the range of from 
about 14 to about 22 carbon atoms and an average of from about 8 to about 22 oxyethylene units per 
molecule of alcohol. The weight ratio of a:b:c is 4:1:1 and the optimum dosage for this deinking agent is 
0.3%(weight ratio).  

 
COLL 322  

Supported planar lipid bilayers on TiO2 and SiO2 surfaces: Effects of surface atomic structures 
and chemical species  

Ryugo Tero1, Toru Ujihara2, Hidekazu Watanabe3, and Tsuneo Urisu1. (1) Chemical Dynamics 
Laboratory, Institute for Molecular Science, Myodaiji, Okazaki, aichi 444-8585, Japan, Fax: 81-564-53-
7327, tero@ims.ac.jp, (2) Department of Crystalline Materials Science, Graduate School of Engineering, 
Nagoya University, (3) Molecular Spectroscopy Laboratory, RIKEN  

We studied the influence of substrate surface properties on supported planar bilayer (SPB) using atomic 
force microscope and fluorescence microscope. Effects of surface atomic structures were investigated on 
single-step-and-terrace rutile-TiO2 low index surfaces. The dipalmitoleoylphosphatidylcholine (DPoPC)-
SPB on the TiO2(100) had a ratchet-like structure following the step-and-terrace structure of the 
substrate. In the binary bilayer of DPoPC and dipalmitoylphosphatidylcholine (DPPC), some edges of 
DPPC-rich gel-phase domains were aligned to the substrate steps. The nucleation of the gel-domains 
selectively occurred on the terraces. DMPC 50-nm-filtered vesicles transformed to planar bilayer on the 
O2-annealed TiO2 (100), but adsorbed as vesicles on the UV-irradiated TiO2(100). The effect of surface –
OH, which dominated the surface hydrophilicity, was investigated on chemically oxidized SiO2/Si 
surfaces. The formation rate of DMPC-SPB from 100-nm-filtered vesicles was faster on less hydrophilic 
surfaces. A stable hydrogen-bonded water layer on the SiO2 worked as a barrier for vesicle adhesion on 
the surface.  

 
COLL 323  

A novel catalyst for liquid phase oxidation of glyoxal to glyoxylic acid  

Yulan Niu and Ruifeng Li, College of Chemistry and Chemical Engineering, Taiyuan University of 
Technology, Taiyuan 030024, China, Fax: +86-351-3569548, niuyulan@163.com  



A novel vanadium catalyst supported on active carbon for liquid phase oxidation of glyoxal to glyoxylic 
acid was prepared by an incipient wetness impregnation method. It was found that V2O5/C catalyst 
exhibited obvious activity for glyoxal oxidation. Over this catalyst, the conversion of glyoxal and the yield 
of glyoxalic acid were 29.2% and 13.6% respectively at 313K and oxygen flow 0.1L/min after reaction for 
10h.  

 
COLL 324  

A theoretical study of the Heck Reaction: N-heterocyclic carbene vs. phosphine ligands  

Ching-Han Hu, Department of Chemistry, National Changhua University of Education, No. 1, Ging-Der 
Road, Changhua, Taiwan, Fax: 886-4-7211190, chingkth@cc.ncue.edu.tw  

The reaction mechanism of the Heck reaction has been studied using theoretical chemistry. Our main 
focus has been the comparison between phosphine ligands and N-heterocyclic carbenes (NHC), and 
between the normal C2-NHC versus the "abnormal" C5-NHC. Our overall free energy landscape shows 
that oxidative addition involves a significant energy barrier, while the phosphine system is relatively 
favored. In the olefin insertion and beta-hydride elimination steps, we considered both the neutral and 
ionic pathways. For the ionic pathway, the rate-determining step in addition to oxidative addition is olefin 
migration. For the neutral pathway, the second rate-determining step in addition to oxidative addition is 
also olefin insertion for NHC systems, while for phosphine system the energy profile is much flatter. For 
phosphine system, our result suggests that the neutral pathway is favored. Our study demonstrates that 
the catalytic capacity of Pd0L2 involving the "abnormal" C5-NHC ligand is comparable to the regular C2-
NHC ligand. For the mechanisms examined in this study, there is no obvious advantage of using NHC 
ligands.  

 
COLL 325  

FT-Raman spectroscopy quantification of biodiesel in a progressive transesterification reaction 
and its correlation with 1H NMR spectroscopy methods  

Grace Ferreira Ghesti, Julio Lemos de Macedo, Inês Sabioni Resck, Sílvia Cláudia Loureiro Dias, and 
José Alves Dias, Instituto de Química, Universidade de Brasília, Campus Universitário Darcy Ribeiro, 
Laboratório de Catálise, Gleba A - ICC BSS-141, Caixa Postal 4478, Brasília, Brazil, Fax: 55-61-3368-
6901, grace@unb.br  

Biodiesel has been defined as esters of long chain fatty acids from renewable resources such as 
vegetable oils (soybean, rapeseed, sunflower, castor bean, etc) or animal fats. As an alternative fuel, it 
has been very attractive when compared to petroleum-derived diesel due to its environmental benefits. 
The transesterification reaction has been the most used and important method to produce biodiesel. A 
FT-Raman/PLS method developed by our group was used to monitor and quantify transesterification 
reaction progress between soybean oil and ethanol to produce fatty acids ethyl esters (biodiesel) over 24 
hours using a heterogeneous acid catalyst. The results were correlated with two 1H NMR spectroscopy 
methods reported in literature (analytical curve and equation 1) and a new 1H NMR method proposed in 
this work (equation 2), which could be easily extended to other vegetable oils.  



 

Figure 1: Correlation between Raman/PLS and NMR methods for determination of biodiesel in 
transesterification.  
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Metalloporphyrins catalysts anchored on MCM–41 for the selective oxidation of cycloexene  

Andréia Alves Costa, Julio Lemos de Macedo, Valdeilson Souza Braga, José Alves Dias, Sílvia Cláudia 
Loureiro Dias, and Marcello Moreira Santos, Instituto de Química, Universidade de Brasília, Campus 
Universitário Darcy Ribeiro, Laboratório de Catálise, Gleba A - ICC BSS-141, Caixa Postal 4478, Brasília, 
Brazil, Fax: 55-61-3368-6901, andreiaacosta@gmail.com  

Metalloporphyrins catalysts are well known for their ability to carry out selective oxidation of organic 
substracts with many oxidizing agents. The current trend in the research is ancor active metalloporphyrins 
species on solid support, in order to achieve a better recover and reuse of these materials. Recently the 
immobilization of metalloporphyrin complexes in the mesoporous molecular sieve MCM – 41 has been 
studied on the alkene oxidation reactions. The work reported here present the results of synthesis, 
characterization and application of three supported metalloporphyrin catalysts (FeTPPCl, MnTPPCl and 
CoTPP) anchored on MCM – 41, in the reaction of cycloexene oxidation with hydrogen peroxide (H2O2). 
The catalysts were prepared by incorporating the complexes within MCM – 41 channels. FeTPPCl / MCM 
– 41 showed the highest conversion (25.8%), and MnTPPCl / MCM – 41 even in low concentration on the 
support, was the most active catalyst in the direct oxidation of cycloexene (TON = 153769).  
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Molecular beam scattering of alkanes on carbon nanotubes  

S. Funk1, U. Burghaus1, Brian White2, S. O'Brien2, and N. Turro2. (1) North Dakota State University, 
Fargo, ND 58105, Fax: 701-231-8831, (2) Department of Chemistry, Columbia University  

The kinetics and dynamics of n/iso-butane adsorption have been studied on open-end, single-walled C-
nanotubes supported on silica by TDS and molecular beam adsorption probability measurements. The 
sample morphology/cleanliness has been inspected by SEM, EDX, and XPS. At low exposures, TDS 
curves are dominated by a broad feature (125-150K) superimposed on a condensation peak detectable at 
large exposures. The initial adsorption probability decreases exponentially from 0.31 to 0.14 with 
increasing impact energy. The coverage dependence of the adsorption probability is consistent with 
precursor-mediated adsorption. C-nanotube binding to silica is weak, i.e., flashing samples above 500K 
distinctly reduced the amount of nanotubes. To distinguish C-nanotube from support effects, SiO2/Si(001) 
has thoroughly been characterized. We collected data for n-nonane, n-hexane, n/iso-butane, ethane, 
CO2, CO, O2, and H/H2 adsorption. Whereas the alkanes with chain lengths larger than three adsorb 
strongly (50-70kJ/mol), the activity towards the other probe molecules is negligible (<24 kJ/mol).  
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COLL 329  

Selective oxidation of cyclohexene over reaction-controlled phase-transfer catalyst with hydrogen 
peroxide  

Zhihuan Weng, Xigao Jian, and Jianyan Wang, Department of Polymer Science and Materials, Dalian 
University of Technology, Zhongshan Road, NO 158, P.O.BOX 42, Dalian 116012, China  

In the past decade, several studies have been reported on the catalytic epoxidation of olefins with 
oxometallates as catalysts under phase-transfer conditions. Although, the catalysts in these systems 
show good catalytic activity, it is difficult to reuse of these homogeneous catalysts. Herein, we reported a 
reaction-controlled phase-transfer catalyst [C7H7N(CH3)3]3PMo4O16 which solved the recycling problem 
of homogeneous catalysts. In this system, under the action of H2O2, insoluble 
[C7H7N(CH3)3]3PMo4O16 formed the active species [C7H7N(CH3)3]3PO4{MoO(O2)2}4, named as 
Q3PMo4(O2). The yellow Q3PMo4(O2) was soluble in reaction solvent to catalyze the oxidation of 
cyclohexene as homogeneous catalyst. When the H2O2 was completely consumed, the soluble 
Q3PMo4(O2) was reduced to heteropoly blue [C7H7N(CH3)3]3PMo4O16 which precipitated from the 
reaction system. The recovered catalyst can be used directly in next cycle, and the results indicated that 
the catalyst had stable activity. Under the optimal conditions, the conversion of cyclohexene based on 
H2O2 was 95.2%, the selectivity of cyclohexene oxide was 94.0%. Furthermore, we discussed the effects 



of various reaction factors to the system, such as the countercation of catalyst, reaction solvents, molar 
ratio of H2O2 to cyclohexene, and pH value of system.  

 

 
COLL 330  

Study on the interaction between ten kinds of proteins and biomembrane  

Jing Jiang, Department of Life Science and Technology, School of Life Science and Technology, Beijing 
Institute of Technology, Beijing 100081, China, Beijing 100081, China, Fax: 086-10-68914607, 
jenniferjiangjing@gmail.com  

Three kinds of biomembrane are applied in the research field of chromatography, which are immobilized 
artificial membranes (IAM), liposomes and cell membrane pellets. IAM stationary phases are prepared by 
chemically bonded phospholipids to propylamino-silica support and are used routinely in assessing the 
interaction between membrane and biomolecules in liquid chromatography (LC). Liposomes are vesicles 
formed by aggregation of amphiphilic phospholipids molecules. Structurally, the liposomes closely 
resemble natural cell membranes, and they are extensively used as carriers and coating materials in 
capillary electrophoresis (CE). The interaction of proteins with membrane has been interest which 
fascinates the scientist. As we all know, plasma membrane proteins have very strong interaction with 
membrane. However, they are difficult to extract, with limited amount and very expensive. So it becomes 
very important to search for proteins which are easy-getting, cheap and also have intensive interaction 
with membrane in some conditions. Accordingly, they can be immobilized onto biomembrane to study the 
membrane related interaction, separation and drug screening et al.In this paper, ten kinds of proteins 
were chose, which are respectively acid, neutral and alkaline, and with the pI from 2.0 to 11.5. We 
attempted to compare the interaction of these proteins and biomembrane in different kinds of pH buffer. 
Herein, IAM and liposomes were adopted as model biomembrane.  

 
COLL 331  

Synthesis and application of CuO/Nb2O5/SiO2-Al2O3 on elimination of diesel soot particulates  

Jose A. Dias, Fillipe A. C. Garcia, and Valdeilson S. Braga, Instituto de Quimica, Universidade de 
Brasilia, Campus Universitario Darcy Ribeiro, Laboratório de Catálise, Gleba A - ICC BSS-141, Caixa 
Postal 4478, Brasilia, Brazil, Fax: 55-61-3366-901, jdias@unb.br  

The catalysts containing CuO/Nb2O5/SiO2-Al2O3 were synthesized by simultaneous impregnation with 2, 
5, 10, 15 and 25wt% oxide loadings, 1:1 (CuO:Nb2O5) mass ratio. The catalytic activity was evaluated on 
the oxidation of diesel soot particulate (Printex-U) through TG-DTG-DTA. The catalysts shifted the 
maximum temperature of oxidation (Tox) of the non-catalytic process (622ºC) to lower temperatures 
proportionally to the oxide loadings. The catalyst with 25wt% presented the higher temperature shift 
(Tox≅518ºC) and oxidation rate, as well as the smallest oxidation range. The addition of chemical 
promoters (K2O, KCl, Cs2O e CsCl) shifted the Tox to even lower temperatures and decreased the thermal 
stability of catalysts in all cases, except the ones with 2,5wt% of K2O and 7,5wt% of Cs2O. These 
materials had the best activity (Tox≅450ºC) and onset temperatures lower than 370ºC.  



 

 
COLL 332  

The effect of reduction properties of sepiolite-supported ruthenium catalysts for ammonia 
synthesis  

Zhiping Le1, Roger Ruan2, Yanqiu Huang1, and Kemei Wei3. (1) Department of Chemistry, Nanchang 
University, Nanjin Eastroad 235, Nanchang 330031, China, Fax: 6126243005, lzping@ncu.edu.cn, (2) 
Department of Bioproducts and Biosystem Engineering, University of Minnesota, (3) National Engineering 
Research Center of Chemical Fertilizer Catalyst, Fuzhou University  

Ru-based catalysts are known used in many reactions, such as F-T synthesis, benzene hydrogenation 
and so on. The more important useful is that it was as the second-generation catalysts for ammonia. The 
conventional process of ammonia synthesis using fused-iron catalysts needs high-temperature and high-
pressure. Yet, the Ru-based catalysts were known to have more catalytic active, mild reaction conditions 
and less sensitive to poisons for ammonia synthesis. The activities of Ru-based catalysts were affected 
by many factors such as promoter, Ru content, temperature and pressure. In this work, we studied the 
effect of reduction properties on the activities of sepiolite-supported ruthenium catalyst using TPR and 
XPS methods and explored the role of promoter and Ru contents on reduction reaction. The results 
showed that addition of promoter or increased ruthenium contents would promote the reduction properties 
of ruthenium and increase the activities of catalysts.  

 
COLL 333  

WITHDRAWN  

 
COLL 334  

Trireforming of methane to syngas over supported carbide catalysts  

Hongtao Jiang1, Huiquan Li2, and Yi Zhang2. (1) Key Laboratory of Green Process and Engineering, 
Institute of Process Engineering , Chinese Academy of Sciences; Graduate School of Chinese Academy 
of Sciences, P O Box 353 Sub 26, No. 1, beiertiao street, zhongguancun district, Beijing 100080, China, 
Fax: 86-10-62561822, htjiang@home.ipe.ac.cn, (2) Key Laboratory of Green Process and Engineering, 
Institute of Process Engineering , Chinese Academy of Sciences  

Molybdenum carbide, tungsten carbide, and bimetallic carbide catalysts, supported on Al2O3, SiO2, ZrO2, 
and MgO, were synthesized by the temperature programming reduction of relevant supported metal oxide 
with methane/hydrogen. Over carbide catalysts, tri-reforming of methane to synthesis gas has been 
investigated in a fixed bed flow reactor. The order of catalysts activity was: MoC>WMoC>WC. However, 
the order of catalysts stability was: WMoC>MoC>WC. In order to maintain the stability of the catalyst, 



high metal loading (>30 wt.%) was found to be crucial. MgO was found to be a good support for 
enhancing CO2 conversion in tri-reforming. At ambient pressure the carbides deactivated quickly due to 
the oxidation of the catalyst, while operation at elevated pressure (1 MPa) resulted in stabilization of the 
carbide catalysts. The carbide catalysts were almost ineffective when reaction temperature below 750 °C, 
whereas, high activity could be obtained when temperature above 850 °C.  

 
COLL 335  

Trypsin inhibitors screening by biologically functionalized chromatography with on-line 
immobilized enzyme  

Yue Ying Liu, Rongji Dai, Feng Qu, Lina Geng, and Yulin Deng, School of Life Science & Technology, 
Beijing Institute of Technology, 5 South Zhongguancun Street, Beijing 100081, China, lyy0528@126.com, 
deng@bit.edu.cn  

Biologically functional chromatography was prepared in two steps: First, immobilized artifical membrane 
(IAM) micro-HPLC support was packed into the fused silica capillary. Subsequently, trypsin was 
dynamically immobilized to IAM by injecting 1mg/ml trypsin aqueous solution to system. It was proved 
that such a prepared immobilized trypsin displays activity and stability. Furthermore, the immobilized 
trypsin could be easily renewed. The inhibition study or inhibitor screening was accomplished through the 
following procedure: (1) the substrate solution was injected. The measurement of trypsin catalytic activity 
was based on the spectral differences between N-benzoyl-L-arginine ethyl ester (BAEE) and the 
carboxylate form of N-benzoyl-L-arginine (BA). (2) Subsequently, a certain amount of trypsin inhibitor was 
added to the mobile phase to assay the reduction of the immobilized enzyme catalytic activity. Thus, the 
inhibitors were easily identified if the reduced peak area of the product was observed in chromatograms.  

 
COLL 336  

Adsorption of CO on Ge(100) at room temperature  

Junghun Choi1, Junga Ryou2, Young Sang Youn1, Suklyun Hong2, and Sehun Kim1. (1) Department of 
Chemistry and School of Molecular Science (BK 21), Korea Advanced Institute of Science and 
Technology (KAIST), 373-1 Guseong-dong Yuseong-gu, Daejeon 305-701, South Korea, Fax: 82-42-869-
2810, junghun@kaist.ac.kr, (2) Department of Physics and Institute of Fundamental Physics, Sejong 
University  

The adsorption of carbon monoxide (CO) on metal surfaces has been extensively studied in the field of 
surface chemistry and hetereogeneous catalysis. However, it is not fully understood where and how CO 
adsorbs on the semiconductor surface. We have studied adsorption of CO on Ge(100) at room 
temperature using a combination of scanning tunneling microscopy (STM) and density functional theory 
calculations (DFT). STM and DFT calculation reveal that CO adsorbs on the down Ge dimer atom via Ge-
C bonding. Under high flux condition by using hot filament doser, we have observed that CO molecules 
adsorb along the Ge dimer rows forming 1-D chains and the interspacing of the molecular chains 
corresponds to about four times the interdimer distance of Ge.  

 
COLL 337  

CO2 adsorption on Cr2O3(0001)/Cr(110)  



S. Funk, B. Hokkanen, T. Nurkic, and U. Burghaus, North Dakota State University, 1231 Albrecht 
Avenue, Fargo, ND 58105, Fax: 701-231-8831, uwe.burghaus@ndsu.edu  

We correlated qualitatively the surface structure with the chemical activity for a metal surface, Cr(110), 
and one of its surface oxides, Cr2O3(0001)/Cr(110). The kinetics and dynamics of CO2 adsorption have 
been studied by LEED, AES, TDS, and adsorption probability measurements. The Cr(110) surface shows 
a square shaped LEED pattern, contamination free Cr-AES, and a single dominant TDS peak 
(33.3kJ/mol). The oxide exhibits a hexagonal shaped LEED pattern, Cr-AES with an additional O-line, 
and two TDS peaks (39.5 and 30.5kJ/mol). Non-activated and precursor-mediated physisorption have 
been observed for both surfaces. For both systems, the initial adsorption probability is independent of 
surface temperature and decreases exponentially from 0.69 to 0.22 for Cr(110) with increasing impact 
energy, and is smaller by 0.15 for the surface oxide. The coverage dependence of the adsorption 
probability is consistent with the Kisliuk model for small impact energies and with adsorbate-assisted 
adsorption at large impact energies.  

 
COLL 338  

Enantioselectivity and structure of a chiraly templated surface: 2-Butanol on Pd(111)  

Luke A. Burkholder, Department of Chemistry and Biochemistry and Laboratory for Surface Studies, 
University of Wisconsin-Milwaukee, 3210 N. Cramer St., Milwaukee, WI 53211, Fax: (414)229-5036, 
lb4@uwm.edu, and W. T. Tysoe, Department of Chemistry and Laboratory for Surface Studies, University 
of Wisconsin-Milwaukee  

A Pd(111) surface templated with either r- or s-2-butanol has been shown to exhibit enantioselectivity 
towards r- or s-propylene oxide, respectively, up to a maximum of a factor of two. The structure of 2-
butanol has been determined theoretically using DFT, and experimentally using tensor LEED analysis. 
LEED experiments were performed on a low electron current instrument with a sensitive delay-line-
detector that allows the fast acquisition of LEED IV curves with minimal electron dose, preventing electron 
stimulated desorption of the sample. The enantioselectivity and structure of other template molecules, 
including small amino acids, will also be discussed.  

 
COLL 339  

Formation and dissociation of isocyanate on Pt(111)  

James Jones and Michael Trenary, Department of Chemistry, University of Illinois at Chicago, 845 W. 
Taylor Street, Chicago, IL 60607-7061, Fax: 312 996-0431, jjones9@uic.edu  

The isocyanate species (NCO) is a possible intermediate in NOx reduction by automotive catalysts and it 
is therefore important to establish the surface chemistry of this molecule under well-characterized 
conditions. A convenient way to prepare surface NCO is through the dissociation of HNCO. The 
adsorption and dissociation of HNCO on the Pt(111) surface was studied with reflection absorption 
infrared spectroscopy (RAIRS) and temperature programmed reaction spectroscopy (TPRS). The RAIR 
spectrum of HNCO adsorbed at 90 K at low coverages exhibits peaks at 1338 and 3357 cm-1 due to the 
NCO symmetric stretch and the NH stretch of the HNCO species. Bands at 2113 and 2227 cm-1 
correspond to the asymmetric NCO stretch of NCO and HNCO, respectively. This indicates that HNCO 
undergoes some dissociation at temperatures as low as 90 K. As the surface is annealed to higher 
temperatures, the band at 2227 cm-1 decreases, while the band at 2113 cm-1 increases, corresponding to 
breakage of the NH bond of HNCO. At 175 K, a feature at 3441 cm-1 is seen that is assigned to a 
combination band of the asymmetric and symmetric stretches of NCO. At 225 K, there is a marked 
increase in the band due to adsorbed CO. This implies that the carbon-nitrogen bond is broken and the 



surface is covered with carbon monoxide molecules, nitrogen atoms, and hydrogen atoms. At 250 K, two 
new species are formed as indicated by bands at 1173 and 1199 cm-1, assigned to the symmetric 
bending mode of ammonia, and a broad band at 3310 cm-1, due to the NH stretch of adsorbed NH. These 
results indicate that NCO has little stability on Pt(111) and is dissociated to CO, N, and H at relatively low 
temperatures.  

 
COLL 340  

Kinetics of NH formation and dissociation on Pt(111)  

Kumudu Mudiyanselage1, Michael Trenary1, and Randall J Meyer2. (1) Department of Chemistry, 
University of Illinois at Chicago, 845 West Taylor Street, Room 4500 SES, Chicago, IL 60607-7061, 
wkumar1@uic.edu, (2) Department of Chemical Engineering, University of Illinois - Chicago  

The formation and dissociation of the NH species on the Pt(111) surface has been studied experimentally 
with reflection absorption infrared spectroscopy (RAIRS) and theoretically with density functional theory. 
The NH species is characterized by an intense and narrow peak at 3321 cm-1, which allows the NH 
coverage to be accurately measured with RAIRS as a function of time. The experiment is performed by 
first preparing a well ordered p(2x2) N layer through oxydehydrogenation of NH3, then exposing to H2 at 
low temperature. It is found that NH formation follows first-order kinetics with an activation energy of 0.23 
eV, whereas the dissociation reaction follows second-order kinetics with an activation energy of 1.1 eV. 
Because NH is more stable on the surface than N and H, the dissociation kinetics are limited by the 
recombinative desorption of H2, which accounts for the observed reaction order. The simplicity of this 
reaction provides an unusually favourable case for direct comparison between experimental 
measurements and theoretical calculations of the rate constant for a surface reaction. Density-functional 
theory calculations were performed with the VASP program using a plane wave basis set and ultrasoft 
pseudopotentials. The results indicate that the experimentally derived barrier from an Arrhenius analysis 
is much lower than that found in the DFT calculations using transition state theory. This fact combined 
with the unusually low pre-exponential factor obtained experimentally indicates the presence of a 
compensation effect in the analysis of the experimental data. Using the theoretical pre-exponential factor 
with the experimental rate constants yields an activation barrier that is in good agreement with the 
theoretical barrier.  

 
COLL 341  

Vinyl acetate synthesis on Au/Pd(111) alloys  

Florencia C. Calaza1, Darío J. Stacchiola1, Zhenjun Li2, and Wilfred T. Tysoe3. (1) Department of 
Chemistry and Laboratory for Surface Studies, University of Wisconsin-Milwaukee, 3210 N. Cramer St., 
Milwaukee, WI 53211, fccalaza@uwm.edu, (2) Department of Chemistry and Department of Chemistry 
and Laboratory for Surface Studies, University of Wisconsin-Milwaukee, (3) Department of Chemistry and 
Biochemistry, University of Wisconsin-Milwaukee  

Acetic acid , ethylene and oxygen react in the presence of palladium catalysts to give Vinyl Acetate, but 
combustion of reactants and products to carbon dioxide and water is a secondary reaction which lowers 
the selectivity. In the last years, the addition of gold has shown an increment in selectivity. Despite of its 
importance very little is known about the reaction mechanism and the role of gold for the high selectivity 
obtained. We have elucidate the mechanism and decomposition pathways of vinyl acetate on Pd(111). 
Now we focus our research to the interaction of each reactant with Au/Pd(111) alloys to understand the 
role of gold in the reaction. Some preliminary results were obtained for the synthesis of VAM at very low 
gold covarages, between 2% and 5% of Au, showing important electronic effects due to Au on the 
surface, wich in turn affect the selectivity of the reaction.  



 
COLL 342  

Catalytic reduction of uranium(VI) by surface immobilized cytochrome C of Saccharomyces 
cerevisiae on ITO electrode  

Takuya Nankawa1, Yoshinori Suzuki2, Takuo Ozaki1, Arokiasamy J. Francis3, and Toshihiko Ohnuki1. (1) 
Advanced Science Research Center, Japan Atomic Energy Agency, 2-4, Shirakata, Tokai, Ibaraki 319-
1195, Japan, nankawa.takuya@jaea.go.jp, (2) Department of Nuclear Engineering, Nagoya University, 
(3) Environmental Sciences Department, Brookhaven National Laboratory  

We investigated the electronic interaction between surface-immobilized cytochrome C of Saccharomyces 
cerevisiae and uranium(VI) using electrochemical technique and slab optical wave guide (SOWG) 
spectroscopy. First, we immobilized cytochrome C on indium-tin-oxide (ITO) electrode surface by 
immersing ITO electrode into 0.002 mM cytochrome C solution at pH 7 for 30 minuites and rinsed it three 
times by fresh water. The peak position of absorption band of cytochrome C immobilized on ITO was 
changed between 410 and 415 nm with the electrode potential sweep from 0 to -0.4 V vs. Ag/AgCl in pH 
7 electrolyte solution, indicating cyotochrome C was still electrochemically active. By adding U(VI)-oxalate 
or U(VI)-carbonate (U(VI): 1 mM, oxalate or carbonate : 50 mM) into the pH 7 electrolyte solution, the 
reduction currents at the potential between 0 and -0.4 V was enhanced compared to the reduction current 
of cytochrome C alone and the peak position of absorption band of cytochrome C changed between 410 
and 415 nm with the electrode potential sweep. By increasing U(VI) concentrations from 1 mM to 3 mM, 
the reduction current increased. On the contrary, without cytochrome C reduction of U(VI)-oxalate and 
U(VI)-carbonate complexes were not observed above -0.5V at pH 7. These results indicate that the 
reduction of U(VI) oxalate and carbonate complexes were catalyzed by surface-immobilized reduced 
cytochrome C.  

 
COLL 343  

Vesicles as green nanoreactors: Characterization of their formation by self-assembly of lipids  

Shailin Patel, Narayanan Srividya, and Subra Muralidharan, Department of Chemistry, Western Michigan 
University, 3120 Wood Hall, Mail Stop 5413, Kalamazoo, MI 49008, Fax: 269-387-2909, 
shailin.k.patel@wmich.edu  

The unique structure of vesicles and their size tunability in the range of nm – micron makes them 
attractive as nanoreactors for green nanomaterial syhnthesis. Integral to this approach is a fundamental 
understanding of their formation by the self-assembly of synthetic and natural lipids. We have undertaken 
a systematic investigation of the self-assembly of synthetic and naturally occurring lipids by dynamic 
single angle and static multiangle laser light scattering. The vesicles formed from 
dipalitoylphophatidylcholine (DPPC) were investigated as a function of temperature and lipid 
concentration by these methods. The dynamic light scattering studies provided the intensity of light 
scattered at 90o to the incident laser beam (830 nm) and the average size of the vesicles formed as a 
function of time. A rate constant for self-assembly was obtained from these experiments and 
determination of the rate constant as a function of temperature yielded the enathlpy and entropy of 
activation for the self-assembly process. The multiangle light scattering (10 – 110o) as a function of the 
concentration of the lipid yielded the average size of the vesicle and the aggregation number from the 
average molecular weight of the vesicle. These could be correlated with the dynamic light scattering 
results. In addition construction of the Zimm plots from the multiangle light scattering results yielded the 
second virial coefficient indicative of the fundamental nature of the lipid aggregation. The details of these 
studies will be presented.  



 
COLL 344  

Electrokinetic properties and aggregation kinetics of cerium oxide nanoparticles: An 
intercomparison across particle size  

Steven E. Mylon and Katherine Buettner, Department of Chemistry, Lafayette College, Hugel Science 
Center, Easton, PA 18042, mylons@lafayette.edu, buettnek@lafayette.edu  

Interest has been shown in cerium oxide nanoparticles due to their potential use catalysts, gas sensors, 
UV absorbents and more. Little attention, however, has been paid to the fate and transport of these 
nanoparticles in the environment. We examined three different ranges of particle sizes each synthesized 
in methanol/water solution using the increasing volume fraction of methanol (0%, 33%, and 66%). We 
observed important differences in the electrokinetic properties of these particles when zeta potential was 
measured across a range of pH values. In parallel studies, the aggregation kinetics of cerium oxide 
nanoparticles is measured in monovalent and divalent electrolytes by time resolved dynamic light 
scattering. We report singlet-singlet aggregation rate constants for each size range of these particles at a 
constant zeta potential. A comparison of particle stability as an apparent function of solution conditions 
during synthesis will be made with discussion of the sources of differences in stability.  

 
COLL 345  

Self-assembly of phospholipids by dynamic light scattering studies for applications in green 
synthesis of nanomaterials  

Andrea Towlerton, Narayanan Srividya, and Subra Muralidharan, Department of Chemistry, Western 
Michigan University, 3120 Wood Hall, Mail Stop 5413, Kalamazoo, MI 49008, Fax: 269-387-2909, 
andrea.m.towlerton@wmich.edu  

Self-assembly of lipids to form vesicles is an interesting and important phenomenon as vesicles could be 
employed as nanoreactors for the green synthesis of nanomaterials. Unlike the well studied self-assembly 
of surfactants to form micelles which have been employed in green synthesis, the self-assembly of lipids 
to form micelles has not been well characterized. We have investigated the self-assembly of the synthetic 
lipid dimyristoylphospatidylcholine (DMPC) by dynamic light scattering in the temperature range 10 – 45 
oC employing 830 nm laser light by monitoring the scattered light at 90o to the incident beam. Such 
studies have also been conducted as a function of the concentration of the lipid. The dynamic light 
scattering yielded the light scattering intensity and the average radius of vesicles formed as a function of 
time. The rate constants for the self-assembly were obtained at various temperatures from which the 
enthalpy and entropy of activation for the self-assembly process could be determined. The activation 
parameters are highly informative regarding the nature of the bilayer region. Self-assembly studies have 
also been conducted with dihyrdrocholesterol in the 0 – 60% concentration range to discern its influence 
on the self-assembly process. Details of these studies and the significant results will be presented.  

 
COLL 346  

Molecular modeling of vesicles for applications as nanoreactors for green synthesis  

Kenneth Dorrance1, Narayanan Srividya1, Brian C. Tripp2, and Subra Muralidharan1. (1) Department of 
Chemistry, Western Michigan University, 3120 Wood Hall, Mail Stop 5413, Kalamazoo, MI 49008, 
kenneth.b.dorrance@wmich.edu, (2) Biological Sciences Dept. and Chemistry Dept, Western Michigan 
University  



Vesicles due to their size tunability in the nm to micron range, included aqueous phase volume of up to 
90% of the total volume, and a permeable bilayer region are attractive nanoreactors for the synthesis of 
novel nanomaterials. Our research program on vesicles is centered on gaining a fundamental 
understanding of the bilayer region and its role in the transport of species. In particular we are 
investigating the process of reversible pore formation and its closing by the action of the weak one-
dimensional force line tension. Extensive experimental studies are underway with vesicles formed from 
synthetic and naturally occurring phospholipids. We have also undertaken molecular modeling studies of 
the vesicle bilayer region using the Discovery (Accelrys Corp.) and Gaussian software packages. The 
parameters that are being varied in these modeling studies include (i) the aggregation number, (ii) degree 
of hydration, (iii) temperature, and (iv) inclusion of molecules like cholesterol. In particular the behavior of 
the bilayer region through the reversible transition from the gel to fluid phase and the phase transition 
temperature is being investigated to rationalize experimental results. Important results of these studies 
will be presented.  

 
COLL 347  

Optical properties of novel quantum dot composites of nanoscale self-assemblies of amphiphilic 
molecules  

Emiliano J Sanchez, Guduru Venkat Reddy, and Subra Muralidharan, Department of Chemistry, 
Western Michigan University, 3120 Wood Hall, Mail Stop 5413, Kalamazoo, MI 49008, Fax: 269-387-
2909, emiliano.j.sanchez@wmich.edu  

Nanomaterials have size dependent properties such optical, electrical, magnetic etc. We have 
synthesized amphiphilic acylpyrazolones and acylisoxazolones which spontaneously self-assemble to 
form nanotubes, nanorods, vesicles, and dendritic structures as discerned from TEM and optical 
microscopy imaging and laser light scattering studies. We have also developed aqueous synthetic 
methods for core/shell quantum dots such as ZnS:Mn/ZnS, ZnS:Mn/CdS, and CdS:Mn/CdS which have 
absorption and emission properties that are a function of the level of dopanr Mn(II) in the core and the 
extent of the shell. We have generated composites of the nanoscale structures of the amphiphilic ligands 
and the quantum dots. These have been characterized by TEM and optical microscopy and absorption 
and emission spectra. The combination of two kinds of nanostructures leads to interesting variations in 
the structures and emission properties. These synthetic systems are analogous to the bioengineered 
bacterial flagella nanotube nanocomposites with quantum dots. Significant results of the synthetic 
composites and their comparison to the flagella bionanostructures will be presented.  

 
COLL 348  

The architecture and evolution of organic chemistry  

Bartosz Grzybowski, Department of Chemical Engineering, Northwestern University, 2145 Sheridan 
Rd., Evanston, IL 60208  

For almost two centuries, chemists all over the world have applied their expertise and creativity to the 
synthesis of new molecules. Since each individual chemist – or a collaborating group of chemists – tries 
to select unique synthetic targets and come up with a maximally original and/or efficient method of 
making them, it might appear that the activities of such independent “agents” should be largely 
uncorrelated, and that no generalizations about the evolution of chemistry "en large" could be made. 
Surprisingly, however, there exists a set of general rules that describe how molecules are made and 
interconverted. In my talk, I will first show how these rules were discovered by analyzing the universe of 
all known chemical reactions with the tools of network theory and stochastic modeling. I will then discuss 



how and why they can be used to predict the outcomes of future syntheses, to identify the industrially 
most important chemicals, to optimize combinatorial libraries, and more.  

 
COLL 349  

Label-free detection of protein-protein interactions on biochips  

Milan Mrksich, Department of Chemistry, University of Chicago, 929 East 57th Street, Chicago, IL 
60637, Fax: 773-702-0805, mmrksich@uchicago.edu  

This talk describes an approach to using mass spectrometry to analyze biochips—including enzyme-
mediated reaction of immobilized biomolecules and protein-protein interactions. The method is based on 
self-assembled monolayers of alkanethiolates on gold that present proteins and small molecules with 
control over the densities, patterns and orientations of these species. Of particular interest is the 
development of fusion protein capture strategies that give selective and covalent immobilization of 
proteins. In one example, the serine esterase cutinase reacts with phosphonate capture ligands to give 
an active-site covalent adduct. Application of a cutinase fusion protein with a monolayer presenting the 
capture ligand results in immobilization of the display protein, with strict control over both the orientation 
and the density of this reagent. The chips are compatible with matrix-assisted laser desorption ionization 
mass spectrometry and therefore do not require fluorescent or radioisotopic labels for analysis. This 
technique, termed SAMDI MS, can efficiently monitor a broad class of enzyme activities—including 
kinase, protease, methyltransferase and carbohydrate-directed modifications—and can detect proteins 
having molecular weights up to 100 kD. The talk will describe examples in assays of endogeneous 
cellular activities and protein-protein interaction mapping.  

 
COLL 350  

Organizing structure and function at all scales  

Ralph G. Nuzzo, School of Chemical Sciences and the Frederick Seitz Materials Research Laboratory, 
University of Illinois at Urbana-Champaign, 104 S. Goodwin Avenue, Urbana, IL 61801, Fax: 217-244-
3186  

This lecture will explore advances in research inspired by Professor George Whitesides that are 
establishing new paradigms for patterning materials and organizing complex chemical systems at all 
scales—a vision for chemistry that is providing routes to fabricate structures possessing the potential to 
impact broad areas of technology. How function inspires form, the lessons learned from nature, and the 
enabling models provided by assembly comprise some of the themes that will be discussed in the context 
of the implications they engender for the future development of broadly adopted protocols for fabricating 
functional devices—ones classified in ways that, while descriptive (e.g. as based on either top-down, or 
bottom-up methods), have become increasingly arbitrary.  

 
COLL 351  

Hybrid organic-organometallic-inorganic electronic circuitry  

Tobin J. Marks, Department of Chemistry and the Materials Research Center, Northwestern University, 
2145 Sheridan Road, Evanston, IL 60208, t-marks@northwestern.edu  



Chemists are exceptionally skilled at designing and constructing individual molecules with the goal of 
imbuing them with defined chemical and physical properties. However, the task of rationally assembling 
them into organized, functional supramolecular structures with precise, nanometer-level control is a 
daunting challenge. In this lecture, approaches to addressing this problem are described in which the 
ultimate goal is the fabrication of organic and other unconventional electronic circuit by printing 
techniques. Issues here concern not only the rational design of high-mobility p- and n-type organic 
semiconductors, but also modular high-k dielectrics with ultra-high capacitance, low leakage, and high 
breakdown fields.  

 
COLL 352  

Nanostructural design of photocatalysts and photoelectrochemical cells  

Neal M. Abrams1, Paul G. Hoertz1, Greg D. Barber1, Adrian P. Goodey1, Sarah Dilts1, Seunghyun Anna 
Lee1, Emil A. Hernandez-Pagan1, W. Justin Youngblood1, Joan M. Redwing2, Theresa S. Mayer3, and 
Thomas E. Mallouk1. (1) Department of Chemistry, The Pennsylvania State University, 104 Chemistry 
Building, University Park, PA 16802, tom@chem.psu.edu, (2) Department of Material Science and 
Engineering, The Pennsylvania State University, (3) Department of Electrical Engineering, Pennsylvania 
State University  

Nanocrystals and nanocrystal assemblies offer new ways to control the flow of light and the transport of 
electrons in photocatalysts and photoelectrochemical cells. Dye-sensitized TiO2 cells are inexpensive 
devices for converting light to electrical energy, but their efficiency is low because they do not efficiently 
utilize the red part of the solar spectrum. By adding photonic crystal light scattering layers, the spectral 
response of dye sensitized TiO2 cells can be extended significantly into the red. We have recently 
fabricated tandem cells from dye-sensitized TiO2, which absorbs well in the visible, and single crystal Si, 
which is most efficient in the near-IR. This talk will also describe new photoelectrochemical cells based on 
“bed of nails” arrays of semiconductor nanowires (TiO2, Si, CdSe), which allow one to separately control 
the length scales of light absorption and photochemical charge separation.  

 
COLL 353  

Soft lithography with hard materials for flexible electronics  

John A. Rogers, Department of Materials Science and Engineering, University of Illinois at Urbana-
Champaign, 1304 W. Green Street, Urbana, IL 61801, jrogers@uiuc.edu  

Inorganic semiconductors in nanoscale structural forms – ribbons, wires, platelets, disks, etc. – represent 
enabling materials for high performance, mechanically flexible electronic circuits that can be fabricated on 
lightweight, plastic substrates. Many believe that these types of systems, which can cover large areas, will 
be important for new applications in consumer electronics. This talk describes aspects of soft lithographic 
type printing approaches that can be used to form these systems, was well as the underlying surface 
chemistry and physics that governs their operation. Mechanically flexible and stretchable, circuits, solar 
cells and emissive displays will be discussed.  

 
COLL 354  

Lessons from biomineralization  



Joanna Aizenberg, Bell Laboratories, Lucent Technologies, Murray Hill, NJ 07974, Fax: 908-582-4868, 
jaizenberg@lucent.com  

Nature produces a wide variety of exquisite mineralized tissues fulfilling diverse functions, and often from 
simple inorganic salts. Organisms exercise a level of molecular control over the physico-chemical 
properties of inorganic crystals that is unparalleled in today's technology. This reflects directly or indirectly 
the controlling activity of biological organic surfaces that are involved in the formation of these materials. 
Biomineralization occurs within specific microenvironments, which implies stimulation of crystal formation 
at certain interfacial sites and relative inhibition of the process at all other sites. I will describe new 
crystallization and assembly strategies inspired by biomineralization mechanisms that made it possible to 
achieve a remarkable level of control over various aspects of the crystal nucleation and growth, including 
the precise localization of particles, nucleation density, crystal sizes, morphology, crystallographic 
orientation, arbitrary shapes, microstructure, stability and architecture.  

 
COLL 355  

Controlling the assembly of silver atoms into nanostructures with defined shapes and properties  

Benjamin Wiley, Department of Chemistry, University of Washington, Seattle, WA 98195, 
wileyb@u.washington.edu, and Younan Xia, Department of Chemistry, University of Washington, Seattle  

We have controlled the assembly of silver atoms in solution to selectively produce silver nanocubes, 
bipyramids, pentagonal wires, nanobeams, and nanobars. Because a variety of seeds with different 
shapes and crystal structures nucleate in the initial stage of the synthesis, growing one nanostructure to 
the exclusion of others starts with control over the seeds to which atoms add. The naturally predominant 
seed is the five-fold twinned decahedron, which can grow anisotropically to form pentagonal nanowires. 
Twinned seeds can be removed by selective etching in the presence of chloride, leaving only single 
crystals to grow into nanocubes. The presence of bromide also removes multiply twinned seeds, but 
seeds with a single twin remain intact and grow to form bipyramids. The synthesis of nanobeams and 
nanobars relies on kinetic control for anisotropic growth. Silver nanostructures are containers for surface 
plasmons, and by controlling the shape of the container we can control how the nanostructure scatters 
light, absorbs light, and enhances local electric fields for molecular sensing applications. The resistivity of 
silver nanostructures remains comparable with the bulk material for thicknesses down to less than 15 nm, 
and their current carrying capacity is comparable to the highest reported for multiwalled carbon 
nanotubes.  

 
COLL 356  

Palladium seeded synthesis of iron nanoparticles via chemical reduction  

Sheryl H. Ehrman, Department of Chemical and Biomolecular Engineering, University of Maryland, Bldg 
# 090, College Park, MD 20742, sehrman@glue.umd.edu, and Kuo Cheng Huang, Department of 
Chemical Engineering, National Tsing-Hua University  

We report on the synthesis of highly monodisperse iron nanoparticles by chemical reduction. Iron 
nanoparticles with an average diameter of 6 nm and a geometric standard deviation of 1.3 were 
synthesized at a pH of 9.50 from an aqueous solution of ferric chloride precursor with sodium borohydride 
as the reducing agent, polyacrylic acid as the dispersing agent, and palladium ions added to seed iron 
nanoparticle nucleation. The resulting nanoparticles were ferromagnetic at 5K and superparamagnetic at 
350K. The dispersing agent polyacrylic acid (PAA) was shown to prevent iron nanoparticles and possibly 
palladium clusters from aggregating; in the absence of PAA, only aggregated iron nanoparticles were 
obtained. The addition of palladium ions decreased the diameter of iron nanoparticles presumably by 



providing sites for heterogeneous nucleation onto palladium clusters. In the absence of palladium ions, 
the mean diameter of iron nanoparticles was approximately 110 nm and the standard deviation increased 
to 2.0.  

 
COLL 357  

Growth and properties of superconducting anisotropic lead nanoprisms  

Xiao-Min Lin1, Helmut Claus2, Ulrich Welp2, Igor Beloborodov2, Wai K. Kwok2, George Crabtree2, and 
Heinrich Jaeger3. (1) Center for Nanoscale Materials, Argonne National Laboratory, 9700 South Cass 
Avenue, Argonne, IL 60439, Fax: 630-252-9151, xmlin@anl.gov, (2) Materials Science Division, Argonne 
National Laboratory, (3) The James Franck Institute, The University of Chicago  

Anisotropic shaped Pb nanoprisms were synthesized using high temperature polyol reduction of lead 
acetylacetonate through a kinetically controlled synthesis. Transmission electron microscopy studies 
showed the majority of the prisms grows along {111} planes while nanowires grow in various directions. 
SAED on single prism revealed the anisotropic growth is due to twinning in the growing nuclei. Magnetic 
measurements showed a large magnetic hysteresis that is due to the penetration and pinning of magnetic 
vortices. The flux trapping behavior could be due to type-I intermediate state caused by a large shape 
induced demagnetization factor or a possible transition from type-I to type-II superconductor due to finite 
thickness of the prisms.  

 
COLL 358  

Preparation of metal foams from spherical nanoparticle aggregates  

Rafal Klajn1, Timothy P. Gray2, Maciej Paszewski3, Paul Wesson3, and Bartosz A. Grzybowski3. (1) 
Department of Chemical Engineering, Northwestern University, 2145 Sheridan Rd., Evanston, IL 60208, 
rafal@northwestern.edu, (2) Department of Chemistry, Northwestern University, 2145 Sheridan Rd, 
Evanston, IL 60208, Fax: 847-491-3728, t-gray@northwestern.edu, (3) Department of Chemical and 
Biological Engineering, Northwestern University  

A novel, template-free method for obtaining noble metal foams is presented. The method is based on 
supraspheres – spherical aggregates composed of hundreds to thousands of metal nanoparticles that are 
soluble in toluene. These supraspheres are surprisingly flexible and deformable, like pieces of Play-Doh, 
despite being composed of over 90% metal. Owing to these properties, they stick to one another upon 
gentle heating and assemble into extended networks. Upon further heating in toluene, nanoparticles 
within each sphere lose their protective organic coating to transform into larger crystals and finally pure-
metal foams. Control over composition and porosity of the metal foams is achievable by selecting 
different metal / size supraspheres as starting materials. Using this method, we were able to obtain metal 
foams made of gold, silver, palladium, platinum and combinations thereof, with pore sizes ranging from 

80 – 300 nm.  

 

 
COLL 359  

Shape-controlled synthesis of Pd 
nanostructures  



Yujie Xiong, Department of Chemistry, University of Washington, Seattle, WA 98195, 
yjxiong@u.washington.edu, and Younan Xia, Department of Chemistry, University of Washington, Seattle  

We can tune the surface plasmon resonance (SPR) peaks of Pd nanostructures from the UV to the visible 
region by controlling their shapes. In a typical synthesis, both capping polymers and anions were found to 
play important roles in controlling the evolution of a specific shape. Poly(vinyl pyrrolidone) (PVP) is a 
capping polymer whose oxygen (and/or nitrogen) atoms can bind strongly to the {100} facets of an fcc 
metal and favor the formation of truncated nanocubes >25 nm in size. However, such a polymer is too big 
to have capping effect on smaller nanocrystals. As a result, the PVP-stabilized Pd nanoparticles <10 nm 
in size usually have a cubooctahedral shape whose surface is bound by a mix of both {111} and {100} 
facets. To solve this problem, we introduced bromide to the reaction system which selectively chemisorbs 
onto certain facets and alters the surface free energies. It has allowed us to generate a variety of 
nanostructures, including nanocubes, bipyramids, nanobars, and nanorods. Most of these nanostructures 
are enclosed by {100} and {110} facets. Controlling the shape of Pd nanostructures enables us to tune 
their SPR features and optimize their application in surface-enhanced Raman scattering (SERS).  

 
COLL 360  

Size control in the synthesis of iron nanoparticles  

Dale L. Huber1, Eugene L. Venturini2, Benjamin L. Frankamp2, Todd C. Monson2, and James E. Martin2. 
(1) Center for Integrated Nanotechnologies, Sandia National Laboratories, PO Box 5800 MS 1304, 
Albuquerque, NM 87185-1304, Fax: 505-284-7778, dlhuber@sandia.gov, (2) Nanostructure and 
Semiconductor Physics Dept, Sandia National Laboratories  

We have synthesized a series of iron nanoparticles of varying sizes through the thermal decomposition of 
iron pentacarbonyl in dioctyl ether. The nanoparticles are stabilized by the presence of a beta-diketone 
surfactant, are unoxidized, and, though they display size-dependant magnetic properties, are generally 
highly magnetic. Iron nanoparticles with narrow polydispersity can be produced through this method 
within a limited size range. Particles synthesized outside this size window tend to have high polydispersity 
and sometimes have bimodal distributions. The reasons for this limited range and the appearance of 
bimodal distributions will be discussed and hinge upon the issue of solubility. Evidence for the temporal 
separation of nucleation and growth in this relatively simple procedure will also be presented. Sandia is a 
multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United 
States Department of Energy's National Nuclear Security Administration under contract DE-AC04-
94AL85000.  

 
COLL 361  

Synthesis and characterization of single-crystalline Pd, Au, Ag and Pt nanocubes  

Fengru Fan, Jianjun Sheng, Zhilin Yang, Yong Zhang, Haihui Zhou, Li Cui, Bin Ren, and Zhongqun Tian, 
chemistry department, Xiamen University, 244 siming, Xiamen, China, Fax: 0086-592-2085349, 
zqtian@xmu.edu.cn  

Recently we have developed some simple methods for synthesizing monodisperse single-crystalline Pd, 
Au, Ag and Pt nanocubes characterized by XRD, SEM, TEM, UV-vis and SERS. For example, Pd 
nanocubes with sizes of about 60 nm have been successfully prepared at room temperature. Compared 
with the previous methods, the whole reaction process can be carried out in aqueous solution much 
easily and quickly. Pd nanocubes could be obtained from two distinctively different routes. Pd 
nanoparticles could be changed from cubic to “pinecone” shape by simply adding foreign chloride ions. 
Specifically, both the cube- and pinecone-shaped nanoparticles are single-crystalline proved by SAED. A 



preliminary growth mechanism based on the dissolution and precipitation of the Pd-CTAB complexes and 
competitive adsorption between different ions has been proposed. Pd, Au, Ag and Pt nanocubes exhibit 
high SERS activity, which are explained by a theoretical calculation using three-dimensional finite 
difference time domain method.  

 
COLL 362  

Shape-controlled platinum nanoparticles as catalysts: Synthesis, reaction studies, and support 
effects  

Hyunjoo Lee, Kaitlin M. Bratlie, G. A Somorjai, and Peidong Yang, Department of Chemistry and 
Lawrence Berkeley National Laboratory, University of California, Berkeley, CA 94720, hlee@lbl.gov  

Single crystalline platinum surface have been shown to exhibit different catalytic activities for various 
surface structures. Various shapes of platinum nanoparticles have different surface property, e.g. (100) 
surface for cube, mixture of (100) and (111) surfaces for cuboctahedra. The different surface property of 
each shape can lead to better selectivity for catalytic reaction. Catalytically active platinum nanoparticles 
have been synthesized by using alkyltrimethylammonium(ATAB) bromide as a surface stabilizing agent. 
Cube, cuboctahedra, and porous particles were synthesized by manipulating reduction kinetics. The 
catalytic activity of these nanoparticles was tested for ethylene hydrogenation. These ATAB-capped 
nanoparticles showed a superior catalytic activity to the nanoparticles synthesized by a polymeric capping 
agent such as PVP(polyvinylpyrrolidone) and foreign metal ions such as silver. The activity of these 
ATAB-capped Pt nanoparticles was further enhanced by H2 treatment at mild temperature (110oC). The 
shape was preserved after H2 treatment and ethylene hydrogenation. The effect of various shapes of 
nanoparticles was estimated for structure-sensitive reactions such as benzene hydrogenation and 
cyclohexene hydrogenation/dehydrogenation. The results for nanoparticles were compared with single 
crystalline surface study. Various oxide supports such as amorphous titania, crystalline titania, alumina, 
and zinc oxide were prepared by an atomic layer deposition (ALD) technique. Metal precursor and water 
was alternatively injected into a reactor to form a monolayer of metal oxide. By repeating these injections, 
oxide layer with desired thickness can be easily prepared. ATAB-capped platinum nanoparticles were 
deposited by Langmuir-Blogett technique on various oxide supports. Their activity and deactivation 
process were investigated for ethylene hydrogenation. Pt nanoparticles deposited on titania supports 
showed significantly larger deactivation comparing with silica supports. The effect of support thickness 
was also studied.  

 
COLL 363  

The photochemical reduction of dendrimer-mediated metal ions  

Haiying Wan, Shelby Shuler, Tanya Konovalova, Ken Belmore, David A. Dixion, Joseph S. Thrasher, 
and Shane C. Street, Department of Chemistry, University of Alabama, Box 870336, Tuscaloosa, AL 
35487, Fax: 205-348-9104, wan002@bama.ua.edu  

Dendrimers have attracted considerable interest as nanoscale building blocks due to their highly 
branched three-dimensional structure and monodisperse nature. We present a photochemical method for 
synthesizing metal nanoparticles with narrow particle-size distributions by means of UV irradiation using 
amino-terminated PAMAM dendrimers as the coordinating template of precursor metal ions. The resultant 
nanoparticles have been characterized by high resolution TEM. The mechanism of photoreduction of 
various metals (Cu, Co, Zn) has been characterized by UV-vis, NMR and EPR techniques. EPR identifies 
one unpaired electron localized on tertiary nitrogen which is responsible for a one-electron reduction of 
the metal ion. DFT-level calculations have been performed to calculate g-values, ionization potentials and 
other data associated with possible model structures to help elucidate the experimental results.  



 
COLL 364  

Time-dependent density functional theory examination of the effects of ligand adsorption on metal 
nanoparticles  

Christine M. Aikens, Department of Chemistry, Northwestern University, 2145 Sheridan Road, 
Evanston, IL 60208-3113, c-aikens@northwestern.edu, and George C. Schatz, Department of Chemistry 
and the International Institute for Nanotechnology, Northwestern University  

Metal nanoparticles have attracted intense interest due to their remarkable optical, catalytic, and 
electronic properties. The passivating ligands have a significant impact on the physical properties of the 
particle in addition to stabilizing the metal core. Raman scattering of the ligands has been extensively 
studied because of the information it provides on the structure and bonding of the adsorbate groups. In 
this work, the binding energies, structures, and changes in electron density are assessed for the 
adsorption of ligands such as CO and PH3 to a representative Au20 cluster. Time-dependent density 
functional theory is employed to examine the effects of passivating ligands on the optical absorption of 
the metal particle. The enhancement factors for surface-enhanced Raman scattering of the ligands due to 
chemisorption on the metal particle are evaluated.  

 
COLL 365  

DNA-mediated assembly of FePt nanoparticles to control magnetic behavior  

Sudhanshu Srivastava1, Bappaditya Samanta2, Palaniappan Arumugam2, Gang Han3, and Vincent M 
Rotello1. (1) Department of Chemistry, University of Massachusetts, Amherst, MA 01003, (2) UMASS-
Amherst, (3) Department of Chemistry, University of Massachusetts at Amherst  

Nanocomposite materials were constructed via DNA-mediated "bricks and mortar" self-assembly of 
nanoparticles. Electrostatic interaction between the cationic FePt and Fe2O3 nanoparticles with DNA and 
polymers through surface recognition led to the formation of extended composite aggregates. These 
DNA-assembled aggregates feature increased interparticle spacing arising from the DNA "mortar" as 
analyzed under Small Angle X-ray Scattering (SAXS). Similarly proteins and polymers also show increase 
in spacing depending upon the morphological structures. The enhanced structure and increased spacing 
with DNA in the bio-nanocomposite assembly was found to alter the magnetic properties of the 
assemblies, as demonstrated by a 54 K change in blocking temperature (TB).  

 
COLL 366  

Characterization of the bilayer region of vesicles of dimyristoylphosphatidylcholine (DMPC) for 
green approaches to synthesis of nanomaterials  

Wilson Okumu1, Narayanan Srividya1, Brian C. Tripp2, and Subra Muralidharan1. (1) Department of 
Chemistry, Western Michigan University, 3120 Wood Hall, Kalamazoo, MI 49008, okushw@yahoo.com, 
(2) Biological Sciences Dept. and Chemistry Dept, Western Michigan University  

The bilayer region of cell membranes play a critical role in the transport of species in and out of the cell as 
well as in a plethora of other cellular functions. Our research program is focused on a fundamental 
characterization of the bilayer region of synthetic and natural lipids as model systems to gain a 
fundamental understanding of cell membranes. Of particular interest are the dynamics of the reversible 
formation of pores in the bilayer region and the characterization of the weak one-dimensional force line 



tension associated with this process. We have investigated the behavior of the bilayer region of the 
vesicles of dimyristoylphosphatidylcholine (DMPC) with fluorescently labeled lipids NBD-PE (head group 
labeled) and NBD-PC (tail group labeled). Polydisperse aqueous solutions containing SUV, LUV and 
GUV and MLV vesicles were investigated by fluorescence intensity, anisotropy, and quenching kinetics 
with sodium dithionite as a function of temperature (2 – 50°C). Fluorescence lifetimes of single GUVs 
were also determined by time correlated single photon counting. The kinetics of the quenching of the 
NBD moiety in NBD-PE and NBD-PC by dithionite have been rationalized with a kinetic model wherein 
the dithionite associates with the NBD in a rapid preequilibrium step followed by its reduction in the rate 
limiting step. This model provided the thermodynamic parameters for the preequilibrium step and the 
transmembrane migration rates for the NBD-PE molecules from the inner to outer leaflet of the vesicle 
and the flip-flop rate for NBD-PC in the bilayer region. We have for the first time determined the 
enthalpies and entropies of activation for the quenching of the NBD moiety in NBD-PE and NBD-PC, the 
transmembrane migration of NBD-PE and the flip-flop of NBD-PC. These studies will be presented.  

 
COLL 367  

Vesicles of natural phospholipids as model systems for green nanoreactors  

Joshua Whitlock1, Narayanan Srividya1, Brian C. Tripp2, and Subra Muralidharan1. (1) Department of 
Chemistry, Western Michigan University, 3425 Wood Hall, Kalamazoo, MI 49008-3842, Fax: 269-387-
2909, ungreatful_living@hotmail.com, (2) Biological Sciences Dept. and Chemistry Dept, Western 
Michigan University  

The unique structure of vesicles (size range nm – micron) with up to 90% internal volume occupied by an 
aqueous phase could be exploited for the controlled diffusion of reactants and generation of materials 
with novel nanoscale architecture under green conditions. We have employed the vesicles formed by the 
natural lipids EggPC, SoyPC, and hydroSoyPC as model systems to gain a fundamental understanding of 
vesicles as nanoreactors and the role of the bilayer region in facilitating controlled diffusion. The bilayer 
region of these vesicles was labeled with NBD-PE and NBD-PC, lipids with the fluorescent moiety at the 
head and tail of the lipid molecules respectively. They were characterized by fluorescence anisotropy, 
intensity, and quenching by sodium dithionite in the temperature range 10 – 50 oC. Studies were also 
conducted with these vesicles containing 5 – 60% cholesterol in their bilayers.. The enthalpies and 
entropies of activation for the NBD reduction kinetics, transmembrane migration and flip-flop have been 
determined for the first time. These parameters provide insights into the dynamics of the bilayer region as 
a function of temperature and as a function of cholesterol concentration. They have also been correlated 
with the fluorescence lifetimes of NBD-PE and NBD-PC determined on single vesicles by time correlated 
single photon counting. Important results of these studies will be presented.  

 
COLL 368  

Fundamental investigation of the vesicles of dimyristoylphosphatidylserine (DMPS) as 
nanoreactors for green synthesis  

Kalan McPherson, Narayanan Srividya, and Subra Muralidharan, Department of Chemistry, Western 
Michigan University, 3120 Wood Hall, Mail Stop 5413, Kalamazoo, MI 49008, 
kalan.m.mcpherson@wmich.edu  

Our research program is focused on gaining a fundamental understanding of the bilayer region of vesicles 
of synthetic lipids towards exploiting the vesicle structures as nanoreactors for the green synthesis of 
nanomaterials. We have investigated vesicles of both synthetic and natural phosphotidylcholines. A 
complementary lipid system is one in which an amino acid moiety such as serine is present in the lipid 
head group instead of the choline moiety. We have investigated the optimum conditions for the formation 



of the vesicles of dimyristoylphosphatidylserine (DMPS) with the dye labeled lipids NBD-PE and NBD-PC 
in the bilayer region. Such vesicles have been characterized by fluorescence anisotropy and intensity of 
the NBD moiety as a function of temperature (5 – 50 oC), in particular for the transition from the gel to the 
fluid phase. The kinetics of the quenching of the NBD fluorescence in NBD-PE and NBD-PC have been 
investigated and the enthalpies and entropies of activation determined. A comparison of these values for 
DMPS with those for the vesicles of dimyristoylphosphatidylcholine (DMPC) indicate interesting 
differences in the bilayer regions of these systems. Significant results of these studies will be presented.  

 
COLL 369  

Pore formation dynamics and line tension determination on vesicles for green approaches to 
nanoscale material synthesis  

Narayanan Srividya1, Wilson Okumu1, Brian C. Tripp2, and Subra Muralidharan1. (1) Department of 
Chemistry, Western Michigan University, 3120 Wood Hall, Kalamazoo, MI 49008, Fax: 269 387-2909, 
narayanan.srividya@wmich.edu, (2) Biological Sciences Dept. and Chemistry Dept, Western Michigan 
University  

Vesicles with their unique structure of up to 90% included volume of aqueous phase and sizes in the nm 
– micron scale are attractive for the environmentally benign synthesis of nanoscale materials. 
Fundamental to this approach is the reversible formation of pores and their closing by the action of a 
weak one-dimensional force line tension for the transport of species in and out of the cell. Giant 
unilamellar vesicles (GUVs) of phosphatidylcholines are excellent model systems for a fundamental 
investigation of reversible pore formation and the determination of line tension. We have employed an 
optical tweezer generated from an infrared laser (1064 nm) to trap GUVs and nitrogen pumped dye laser 
(470 nm) to generate pores on the bilayer of these vesicles. The dynamics of the closing of the pores 
have been monitored by video microscopy and the line tension at room temperature (298 K) has been 
calculated from these results. A variety of synthetic phosphatidyl cholines with saturated alkyl chains (14-
18 carbon atoms/chain) and natural lipids such as EggPC and SoyPC were used to generate GUVs and 
the dynamics of pore formation monitored. The line tension determined from these studies range from a 
few to several tens of piconewtons (pN). Line tension determinations have also been conducted with 
vesicles containing dihyrodcholesterol in the bilayer region and as a function of temperature. Significant 
results of these studies will be presented.  

 
COLL 370  

Nanoparticle-vesicle interactions as model studies to discern the environmental impact of 
nanoscale materials  

Piyadarsha Amaratunga, Narayanan Srividya, and Subra Muralidharan, Department of Chemistry, 
Western Michigan University, 3120 Wood Hall, Mail Stop 5413, Kalamazoo, MI 49008, Fax: 269-387-
2909, piyadarsha@yahoo.com  

Increasing research in nanoscale materials and their application in various consumer products have given 
raise to justified concerns regarding their environmental impact. This is especially important to understand 
and characterize at the cellular level as cells have diameters of microns while nanoparticles have 
diameters of tens to hundreds of nanometers. Their transport across cell membranes and disruption of 
cell functions that could increase risks of ailments such as cancer is a serious concern. Our research in 
this area is focused on employing vesicles obtained from synthetic and natural phosphatidylcholines and 
Au nanoparticles with monolayers of various ligands as model systems. We have incorporated the dye 
labeled lipids NBD-PE and NBD-PC in the lipid bilayer region to specifically monitor the interaction of the 
nanoparticle with the bilayer region and understand the mechanism of its transport across the membrane. 



The interactions of the vesicles and the nanoparticles are being characterized by (i) dynamic light 
scattering, (ii) bright field, dark field, and fluorescence microscopy, (iii) absorption and fluorescence 
spectroscopy and, (iv) capillary electrophoresis. Capillary electrophoresis is particularly useful to 
determine the net charge and zeta potential of the vesicles at various pH values and the interaction of the 
vesicles with neutral and charged nanoparticles. Additionally this technique also provides information on 
the behavior of a soft nanoscale system, vesicles and a hard nanoscale system, au nanoparticles in a 
high electric field and the interactions between soft and hard systems. Significant results from the studies 
of the interaction of vesicles and Au nanoparticles will be discussed.  

 
COLL 371  

Colloidal and surface phenomena in DNA-protein interactions  

Ronald Larson1, Weixian Shi2, and Ji Hoon Kim2. (1) Dept. of Chemical Engineering, University of 
Michigan, 2300 Hayward, Ann Arbor, MI 48109-2136, rlarson@engin.umich.edu, (2) Department of 
Chemical Engineering, University of Michigan  

We consider a series of outstanding problems in the area of biophysics that are dominated by diffusion, 
surface interactions, and electrostatic and van der Waals interactions between large biopolymers, 
including DNA and proteins. These problems include the targeting and recognition by proteins of binding 
sites on long DNA chains, the repair of damaged DNA by associating repair proteins, and the anchoring 
and aligning of DNA molecules onto substrates through fluidic manipulation, assisted by flow, interfacial 
interactions, and associations. These problem areas are much less developed than the “classical” areas 
of colloidal science, but improved understanding will be essential to advances in both biology and 
biotechnology in the 21st century. This talk will present optical microscopy and atomic force microscopy 
imaging of colloidal processes involved in DNA repair, protein binding to DNA, and DNA anchoring to 
substrates. A new method of DNA anchoring that we call “protein-assisted DNA immobilization” will be 
described, in which DNA-binding proteins are used to anchor the DNA to a substrate. We show that this 
process avoids DNA overstretching and permits the process of transcription to be directly imaged through 
fluorescent labeling of both proteins and RNA transcripts. The rate of transcription is measured and the 
influence of surface binding on this rate is assessed. We will also briefly describe the influence of surface 
interactions on DNA molecular “combing” – or meniscus driven stretching, and the process of self 
association of RecA repair proteins onto DNA strands.  

 
COLL 372  

Influence of protein on surfactant self-assembly in oil/water mixtures  

Stephanie R. Dungan, Department of Chemical Engineering and Materials Science, University of 
California, Davis, Department of Food Science and Technology, One Shields Ave., Davis, CA 95616, 
Fax: 530-752-4759, srdungan@ucdavis.edu  

Proteins and surfactants coexist in biological and industrial systems, and have the potential to interact 
due to electrostatic, steric and hydrophobic interactions. As a result, protein molecules may alter the 
interfacial energy of surfactant monolayers, and thereby modify the phase behavior of surfactants. It is 
particularly interesting to study self-assembly in equivolume mixtures of oil and water, in which the 
surfactant is free to form various nanostructures, depending on the spontaneous curvature of the 
surfactant monolayer. In such systems the water-soluble, globular protein alpha-lactalbumin exhibits a 
marked effect on AOT phase morphologies: transforming spherical water-in-oil (w/o) microemulsion 
droplets to large w/o ellipsoids, to inverted oil-in-water droplets, and to liquid crystalline and gel-forming 
structures. Using SAXS, we show that these morphologies are tuned by protein charge and ionic 



strength. More subtle effects of protein on phospholipid self-assembly are also observed, and suggest a 
significant role for molecular architecture.  

 
COLL 373  

Bridging of colloidal particles across oil/water interfaces  

Gerald G. Fuller1, Hui Xu2, and John Kirkwood2. (1) Department of Chemical Engineering, Stanford 
University, Stanford, CA 94305, Fax: 650-725-7294, ggf@stanford.edu, (2) Chemical Engineering, 
Stanford University  

Particle bridging between a water drop and a flat oil-water interface has been observed when the drop is 
brought into contact with the interface, leading to the formation of dense particle monolayer of disc shape 
that prevents the drop from coalescing into the bulk water phase. Unlike the previous observations that 
particles from opposite interfaces appear to register with each other before bridging, the present 
experiment demonstrates that the particle registry is not a necessity for bridging. In many cases, the 
particles from one of the interfaces were repelled away from the contact region, leaving the particles from 
the other interface alone to bridge the interfaces. This is confirmed by the particle bridging experiment 
between two interfaces coverd with different sized particles, and between a particle-covered interface and 
a clean interface. The dynamics associated with the growth of the particle disc due to particle bridging 
follows a power law relationship between the radius of the disc and time: r ? t^0.32. A scaling analysis is 
conducted by assuming capillary attraction as the driving force, which ends up with a relation r ? t^1/3, in 
good agreement with the experiment. In addition, we found that binary mixtures of two different sized 
particles undergo phase segregation driven by the particle bridging.  

 
COLL 374  

Using stereochemistry to control structure and rheology in associative polymer gels  

Surita R. Bhatia1, Sarvesh Agrawal1, Naomi Sanabria-DeLong2, and Gregory N. Tew3. (1) Department of 
Chemical Engineering, University of Massachusetts, Amherst, 686 North Pleasant Street, Amherst, MA 
01003-3110, Fax: 413-545-1647, sbhatia@ecs.umass.edu, (2) Department of Polymer Science and 
Engineering, University of Massachusetts-Amherst, (3) Polymer Science and Engineering Department, 
University of Massachusetts, Amherst  

The ability to tune the modulus of implantable materials to match that of native tissue is crucial for tissue 
scaffolding applications; unfortunately, a significant limitation of current polymeric biomaterials is a lack of 
mechanical robustness and a low elastic modulus. We address this using associative hydrogels of 
poly(lactic acid)-poly(ethylene oxide)-poly(lactic acid) (PLA-PEO-PLA) triblock copolymers. These 
materials form associative gels with PLA domains serving as network junctions. We can create nanoscale 
crystalline junctions via copolymers in which the PLA block is poly(L-lactide) (PLLA), or amorphous 
junctions through copolymers in which the PLA blocks contain a racemic mixture of D-lactide and L-
lactide (PRLA). The crystalline junctions in the PLLA-based gels allow us to create biocompatible gels 
with elastic moduli that are an order of magnitude higher than previously reported with similar associative 
gels. These crystalline junctions may be considered a novel method for tuning the structural, transport, 
and rheological properties.  

 
COLL 375  

Polymeric nanoparticles for drug delivery by reactive impingement mixing  



Jessica L. Anacker1, Shengxiang Ji2, Zhengxi Zhu3, Thomas R. Hoye4, Christopher W. Macosko3, and 
Robert K. Prud'homme5. (1) Ecolab Research Center, Ecolab, 655 Lone Oak Drive, Eagan, MN 55121, 
Fax: 651-204-7503, (2) Department of Chemical Engineering, University of Wisconsin, (3) Department of 
Chemical Engineering and Materials Science, University of Minnesota, 421 Washington Ave SE, 
Minneapolis, MN 55455, Fax: 612-626-1686, macosko@umn.edu, (4) Department of Chemistry, 
University of Minnesota, (5) Deptartment of Chemical Engineering, Princeton University  

A reactive confined impinging jet (CIJ) mixing was employed to manufacture polymer stabilized, drug filled 
nanoparticles. By simultaneous CIJ mixing and formation of an amphiphilic block copolymer, drug and 
polymers coprecipitated into nanoparticles with sizes between 50−400 nm for effective drug delivery. 
Magnitudes of time scales of precipitation τprecip, reaction τrxn, and mixing τmix were estimated. Process 
conditions, including feed concentrations of model drug of β−carotene, feed concentrations of polymeric 
stabilizers, and feed rate, had little or no effect on average particle sizes. However, species of polymers 
with highly different Tg can effect particle size and stability of nanoparticles.  

 

Figure 1. a) Cryogenic transmission electron micrograph of polymeric b-carotene nanoparticles made by 
reactive CIJ mixing between PS-COCl and PEG-NH2. Inset electron diffraction image demonstrates the 
amorphous structure in the particles.  b) Particle size distribution in mass by dynamic light scattering. D10 
is the weight average diameter of the smallest 10% of particles.  

 

Figure 2. Effect of polymer concentration on weight average particle size.  

   



 
COLL 376  

Microgel particles: The thermodynamics, structure and dynamics of swelling  

Alexander F. Routh, Department of Chemical Engineering, University of Cambridge, Pembroke Street, 
Cambridge CB2 3RA, United Kingdom, Fax: 0044 1223 765701, afr10@cam.ac.uk  

Many polymeric particles undergo a latex to microgel transition. Three studies of the transition will be 
discussed: The thermodynamics of poly(N-isopropylacrylamide) swelling will be examined. In the 
presence of free poly(ethyleneoxide) chains a swelling can be observed due to chain permeation into the 
microgel. The energetics of this process will be explored and qualitative agreement with some 
experimental data will be presented. The dynamics of swelling is examined using poly(2-vinylpyridine) 
particles in a stopped flow apparatus. The effect of external electrolyte is followed and faster swelling is 
observed at higher ionic strengths. This is in contradiction to the accepted view where polymer relaxation 
is taken as the rate determining step and we show that influx of water is the slow event. Rheology of 
dilute poly(N-isopropylacrylamide) dispersions is followed across the particle swelling transition and 
evidence will be presented for a weak aggregation, upon particle collapse, due to chain entanglement.  

 
COLL 377  

Dendrimer-stablized metal nanoparticles: Synthesis mechanisms and catalytic applications  

Harry J. Ploehn1, Yunlong Gu1, Hong Xie1, Peter Sanders1, Xiaofeng Hu2, Oleg S. Alexeev1, Michael D 
Amiridis1, and Donna A. Chen2. (1) Department of Chemical Engineering, University of South Carolina, 
Swearingen Engineering Center, Columbia, SC 29208, ploehn@engr.sc.edu, (2) Department of 
Chemistry and Biochemistry, University of South Carolina  

Poly(amidoamine) (or PAMAM) dendrimers have been used for some time to mediate the synthesis of 
transition metal nanoparticles in aqueous solutions. However, the nanoparticle nucleation and growth 
mechanisms remain poorly understood. Does the dendrimer serve as a “template,” offering precise 
control over the nanoparticles' molecular-scale architecture? Or does the dendrimer simply serve as a 
steric stabilizer? This work aims to conclusively establish the role of PAMAM dendrimers in mediating the 
nucleation and growth of Pt, Au, and various kinds of bimetallic nanoparticles. To this end, we have 
carefully studied the complexation of Pt precursors with PAMAM and the effect of reducing agents 
(NaBH4 or H2) on Pt-PAMAM complexes. Complexation studies (mainly employing UV-visible 
spectrophotometry, AA spectroscopy, ion chromatography, 195Pt NMR, and liquid-phase EXAFS) yield a 
detailed picture of the architecture of the Pt-PAMAM complex and the kinetics of the Pt-PAMAM ligand 
exchange reaction. Substantial amounts of non-complexed Pt always remain in the complex solution 
because the ligand exchange reaction never reaches completion. The non-complexed Pt, which may be 
removed by dialysis, plays a critical role in the subsequent reduction step. Another suite of 
characterization tools (AFM, XAS, XPS, HRTEM, and STEM) have been used to relate the size and 
structure of resulting Pt nanoparticles to synthesis conditions, yielding insight with regard to the 
underlying nucleation and growth mechanisms. We have taken advantage of this fundamental knowledge 
to prepare different kinds of novel, highly dispersed heterogeneous catalysts. Pt-PAMAM complexes have 
been used to prepare sol-gel Pt/silica catalysts with high metal dispersion as well as high stability against 
thermal sintering of the Pt. We have also used bimetallic Pt+Ru-PAMAM complexes to produce Pt-
Ru/carbon electrocatalysts with outstanding activity for methanol oxidation.  

 
COLL 378  



Charged, water-soluble triblock copolymers with polyether end groups: Steric stabilization of 
magnetite nanoparticles and novel micelles for biomedical applications  

R. M. Davis, Department of Chemical Engineering, Virginia Tech, 130 Randolph Hall, Blacksburg, VA 
24061, Fax: 540-231-5022, rmdavis@vt.edu  

Novel triblock copolymers consisting of end blocks of polyethylene oxide (PEO) and a center block 
consisting of urethane and carboxylic acid groups constitute an interesting class of polymers that can self-
associate to form micelles in water and can adsorb onto magnetite nanoparticles to form magnetite-
polymer complexes with potential drug delivery capabilities. This talk will provide an overview of both the 
adsorption of these copolymers on magnetite nanoparticles that leads to sterically stabilized dispersions 
and the micellization process that these block copolymers undergo. These block copolymers adsorb on 
particles of magnetite, Fe3O4 approximately 10 nm in diameter via the carboxylic acid-containing center 
block leading to the formation of a PEO brush layer that sterically stabilizes the particles in an aqueous 
buffer. These novel triblock copolymers also form micelles with cores consisting of hydrophobic and 
ionizable groups and coronas consisting of PEO. The size and mass of these micelles can be tuned by 
controlling pH and temperature, with ionic strength playing a lesser role.  

 
COLL 379  

Polarization of electrodes by doped nonpolar media  

Dennis C. Prieve and Rong Fu, Department of Chemical Engineering, Carnegie Mellon University, 
Pittsburgh, PA 15213, dcprieve@cmu.edu  

While double-layer repulsion of charged particles in water is well known, even nonpolar solvents with a 
dielectric constant as low as two can contain charged ions; and particles immersed in nonpolar liquids 
can be electrostatically stabilized. Electric current versus time was measured between two flat plate 
electrodes 2.5cm x 7.5cm separated by 1.2 mm of heptane doped with 0-15% w/w poly(isobutylene 
succinimide) (PIBS) having a molecular weight of about 1700. The initial current yields the specific 
conductance of the solution whereas the initial rate of decrease in current yields the Debye length of the 
solution. Thus we deduced Debye lengths of 30-170 nm which decrease with increasing concentration of 
PIBS. Values of the Debye lengths were confirmed by performing independent measurements of double-
layer repulsion using TIRM. The charge carriers appear to be inverted PIBS micelles having a diameter of 
40 nm. About 25% of these micelles have a single plus or minus charge, independent of concentration of 
PIBS.  

 
COLL 380  

Dielectric spectroscopy as a probe of colloidal surface structure  

Andrew D. Hollingsworth1, Brian K. Hamilton2, Reghan J. Hill3, William B. Russel4, and Dudley A. 
Saville4. (1) Department of Physics, New York University, Meyer Building, 4 Washington Place, New York, 
NY 10003, andrewdh@nyu.edu, (2) Merck & Co., Inc, (3) Department of Chemical Engineering, McGill 
University, (4) Department of Chemical Engineering, Princeton University  

Dielectric spectroscopy is remarkably sensitive to changes in particle morphology and is therefore well 
suited as a characterization method for polymer-coated latices. Experimental difficulties have, however, 
plagued previous researchers making measurements in aqueous systems. These problems have been 
largely resolved with a new theory of electrode polarization and a cell designed for fast, accurate 
measurements on small samples with a single frequency sweep (1000 Hz–100 MHz). Following the 
necessary cell calibration, dielectric relaxation measurements were made on suspensions of uncoated 



polystyrene latex particles. Excellent agreement between the zeta potential derived from these results 
and those from complementary electrophoretic mobility measurements was found using the standard 
electrokinetic model. Measurements on polystyrene latex particles coated with a polyelectrolyte diblock 
copolymer showed dramatic differences as compared with the bare particle behavior. The electrokinetic 
properties of the corresponding polyelectrolyte micelles were also measured. The results are interpreted 
theoretically using an electrokinetic model developed for 'soft' spherical colloids, together with photon 
correlation spectroscopy measurements used to characterize the polymer layer thickness.  

 
COLL 381  

Elaboration of supported model catalysts: Controlling shape, size, spatial distribution and 
chemical composition of metal nanoparticles on oxide surfaces  

Claude R. Henry, CRMCN-CNRS, Campus de Luminy, Case 913, 13288 Marseille cedex 09, France, 
Fax: (33)--491-41-89-16, henry@crmcn.univ-mrs.fr  

To bridge the material gap in heterogenoeus catalysis it is possible to use metal nanoparticles grown 
under UHV on oxide surfaces. Using epitaxial growth at high temperature permits to control the particle 
shape. To control the size and the spatial distribution of the nanoparticles we use, as a template, a 
nanostructured alumina film obtained by high temperature oxidation of a Ni3Al(111)surface. Combining 
several techniques (STM, AFM, GISAXS)shows that regular arrays of Pd particles (in the size range a 
dozen of atoms to 2 nm)can be obtained. Gold forms less perfect arrays because at room temperatures 
tiny clusters can escape from the defects of the template. By sequential deposition of Pd and Au regular 
arrays of PdAu bimetallic clusters are obtained with an independent control of their size and their 
composition. The experimental nucleation and growth kinetics of the cluster arrays is compared with 
Monte Carlo simulations.  

 
COLL 382  

Use of density functional theory to explore catalysts consisting of an atomic active center  

Steeve Chrétien, Raj Pala, Vladimir Shapovalov, and Horia Metiu, Department of Chemistry and 
Biochemistry, University of California, Santa Barbara, Santa Barbara, CA 93106-9510, 
metiu@chem.ucsb.edu  

Oxides are used as catalysts for a large number of oxidation and oxidative dehydrogenation reactions. 
We use density functional theory to explore the catalytic properties of doped oxides. For example, the 
cation M in an oxide MxOy might be replaced with a metal N to form a doped oxide NzMx-zOy; to what 
extent is the doped oxide a better oxidation catalyst than the host oxide? A dopant can make the oxygen 
atoms at the surface of the oxide engage more readily in oxidation reactions. The oxidation reaction forms 
an oxygen vacancy on the surface which has to be healed if the system is to be a catalyst. This happens 
if the system adsorbs oxygen at the vacancy site and activates it so that it will also take part in an 
oxidation reaction. One oxygen atom is taken away by the oxidation product and the other fills the oxygen 
vacancy.  

 
COLL 383  

Photodesorption of organic radicals during photocatalysis on TiO2  



Michael A. Henderson, Interfacial Science and Engineering, Pacific Northwest National Laboratory, P.O. 
Box 999, Richland, WA 99352, ma.henderson@pnl.gov  

Titanium dioxide has become the quintessential material for promoting heterogeneous chemical 
transformations using light, with the destruction of organics being one of many potential applications 
guiding research in the field. There are many observations and speculations in the literature about the 
involvement of OH radicals in photooxidation on TiO2, but far less attention has been given to the 
dynamical and mechanistic implications of organic radical formation. Using rutile TiO2(110) as a model 
photocatalyst, we show that organic radicals are generated in hole-mediated oxidation processes of 
adsorbed carboxylates and ketones on TiO2 under ultrahigh vacuum conditions. At 100 K, organic 
radicals either are ejected from the surface during UV exposure or are captured and follow thermal 
pathways as adsorbed species. In the case of CxHy radicals, methyl radicals appear to photodesorb 
without thermal reactions at 100 K, whereas ethyl radicals are partitioned in both desorption and surface 
reaction pathways. Higher molecular weight organic radicals are captured by the surface at 100 K. The 
implications of these observations on the mechanistic pathways of organic photooxidation on TiO2 will be 
discussed. This work was supported by the U.S. Department of Energy, Basic Energy Sciences, Division 
of Chemical Sciences.  

 
COLL 384  

Surface investigations of semiconducting metal oxides  

Ulrike Diebold, Department of Physics, Tulane University, New Orleans, LA 70118, Fax: 504-862-8702, 
diebold@tulane.edu  

Semiconducting metal oxides (such as TiO2, SnO2, ZnO, and In2O3) play a role in a wide array of 
applications, ranging from gas sensing to photocatalysis. Surface and interface properties often play a 
decisive role in the performance of devices based on these materials. Our research program focuses on 
understanding (and judiciously manipulating) the surface structure of metal oxides. The main tool is 
Scanning Tunneling Microscopy, which allows the visualization of surface structure and local deviations at 
the atomic scale. Data interpretation is supported by first-principles calculations (based on Density 
Functional Theory). In the talk some examples from our recent research will be discussed, including the 
growth of one-dimensional nanoclusters on tin oxide and step edge configurations on TiO2 anatase.  

 
COLL 385  

Microscopic insight into the function of heterogeneous catalysts from first-principles statistical 
mechanics  

Karsten Reuter, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, 
Germany, Fax: +493084134701, reuter@fhi-berlin.mpg.de  

I present a first-principles statistical mechanics approach to heterogeneous catalysis that quantitatively 
describes the activity over a wide range of realistic environmental situations of varying temperatures and 
pressures. Density-functional theory is first used together with transition state theory to accurately obtain 
the energetics of all relevant elementary processes. Subsequently the statistical mechanics problem is 
solved by kinetic Monte Carlo simulations. This two-step approach provides microscopic insight into the 
system, following its full dynamics from picoseconds up to seconds, and explicitly considering the detailed 
statistical interplay of all elementary processes. Correlations, fluctuations and spatial distributions of the 
chemicals at the catalyst surface are thus fully accounted for, which allows to scrutinize the mean-field 
approximation employed in phenomenological microkinetics. Sensitivity analyses are used to identify 
which of the elementary processes are most influential for the net rate of product formation. The 



energetics for these processes needs to be particularly accurate, and I will discuss a scheme that suitably 
employs higher-level cluster calculations to correct for possible errors in the energetics provided by 
present-day DFT exchange-correlation functionals.  

 
COLL 386  

Active phases of palladium catalysts for CO oxidation  

Y. Cai, Mingshu Chen, Z. Yan, Kerrie K Gath, and D. Wayne Goodman, Department of Chemistry, Texas 
A&M University, P.O. Box 30012, College Station, TX 77842, Fax: 979-845-6822, 
goodman@mail.chem.tamu.edu  

In recent years, the formation of thin, well-ordered but complex surface oxides on late transition metals 
has been reported in numerous investigations. A variety of surface oxides evolve upon increasing the 
partial pressure of oxygen from ultra-high vacuum to conditions more relevant for heterogeneous 
catalysis. Here we present new results for CO oxidation on Pd single crystal surfaces where the rate of 
CO2 formation was found to increase with an increasing O2/CO ratio. Adsorbed CO was monitored in-situ 
using polarization modulation reflectance absorption infrared spectroscopy (PM-RAIRS). Whether CO is 
bound to metallic Pd or to oxygen-covered Pd was highly dependent on the O2/CO ratio. The nature of 
the surface oxide, e.g. the thickness of oxide layer, so formed as a function of the O2 pressure has been 
titrated and characterized. The active surface and reaction mechanism are discussed in the context of the 
relative O2/CO compositions.  

 
COLL 387  

Amino acid- and dna-functionalized fused quartz/water interfaces studied by second harmonic 
and sum frequency generation  

Franz M. Geiger, Department of Chemistry, Northwestern University, 2145 Sheridan Road, Evanston, IL 
60208, f-geiger@northwestern.edu  

Tailor-made amino acid- and DNA-functionalized fused quartz/water interfaces are studied using nonliner 
optics. Chi(3) measurements reveal two interfacial acid-base equilibria for the carboxylic acid termini that 
are controlled by the local proximity of the acid groups. Chi(3) measurements also result in label-free 
charge density measurements of DNA single strands, and yield the interfacial potential and interfacial free 
energy densities of these important systems. these experiments are complemented by vibrational 
broadband SFG measurements to probe DNA hybridization and double helix formation. Special attention 
is paid to probing local vs. molecular chirality of the DNA-functionalized surfaces with nonlinear optics.  

 
COLL 388  

Determining the absolute orientation of membrane-bound water  

Marc Smits1, Maria Sovago1, George W. H. Wurpel2, Avishek Ghosh1, Jens Bredenbeck1, Erik M. 
Vartiainen3, Michiel Müller4, and Mischa Bonn1. (1) Femtophysics, FOM-Instute AMOLF, Kruislaan 407, 
1083 CV Amsterdam, Netherlands, smits@amolf.nl, (2) Department of Molecular Biophysics, University of 
Utrecht, (3) Laboratory of Physics, Lappeenranta University of Technology (LUT), (4) Biophysics and 
Microscopy Group, University of Amsterdam  



Water interacting with biological membranes plays an important role in the functioning of living cells. 
Using the technique of Sum Frequency Generation (SFG), we investigate water bound to three charged 
lipid monolayers: DPPC (zwitterionic), DPTAP (cationic) and DMPS (anionic). The charges influence the 
orientation of the water and the field induces a third order contribution to the signal. The second and third 
order components of the signal are investigated in various experiments. Of particular interest is the 
parallel or antiparallel orientation of the water dipole moment with respect to the membrane normal. 
Information on the absolute orientation of membrane-bound water is contained in the phase of the SFG 
signal. The Maximum Entropy Method is used to obtain the phase of the signal directly from the SFG 
spectra without the need of fitting the data. The results are in good agreement with MD simulations of 
water orientation at different lipid interfaces.  

 
COLL 389  

Dielectric spectroscopy and noncontact imaging of single cells using AC electrokinetics  

Garth J Simpson, Purdue University, 560 Oval Drive, West Lafayette, IN 47906, Fax: 765-494-0239, 
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 390  

Doubly-resonant sum-frequency generation spectroscopy of retinal-phospholipid films  

Lauren K Wolf and Kimberly Briggman, Physics Laboratory, NIST, 100 Bureau Drive, Mail Stop 8443, 
Gaithersburg, MD 20899, lauren.wolf@nist.gov  

There is widespread interest in the development of surface techniques capable of analyzing the structure 
and orientation of molecules at biological interfaces. Doubly-resonant sum-frequency generation (DR-
SFG) spectroscopy has been previously demonstrated for surface-bound dye molecules1 and is being 
developed here as a powerful tool capable of providing orientational information about specific 
chromophores within cell membrane-based interfaces. DR-SFG combines the surface-specificity of 
singly-resonant vibrational SFG with the selectivity and sensitivity of electronic resonant enhancement. 
Here, we demonstrate the utility of DR-SFG by studying mixed retinal-phospholipid Langmuir-Blodgett 
films as a model system. We use visible light to couple into the absorbance maximum of the retinal 
chromophore and generate the sum-frequency signal from coupled ethylenic vibrational modes with 
broadband 1450 – 1650 cm-1 infrared light. Using this method, we determine the orientation of the retinal 
molecules within different percent composition films, quantify the resonance enhancement and determine 
a limiting chromophore surface density that DR-SFG can resolve. This work lays the foundation for future 
studies of specific amino acids and chromophores within membrane-bound proteins, for which there is a 
paucity of structural information.  



1. Raschke, M. B.; Hayashi, M.; Lin, S. H.; Shen, Y. R. Chem. Phys. Lett. 2002, 359, (5-6), 367-372.  

 
COLL 391  

Molecular structures of biological molecules at interfaces: Proteins, peptides, and lipids  

Zhan Chen, Department of Chemistry, University of Michigan, 930 North University Avenue, Ann Arbor, 
MI 48109, Fax: (734)-647-4865, zhanc@umich.edu  

Molecular structures of biological molecules such as proteins and peptides play important roles in 
biocompatibility, anti-biofouling control, bio-adhesion, membrane protein function, biosensing, and anti-
microbial peptide behavior. Sum frequency generation (SFG) vibrational spectroscopy has been applied 
to investigate molecular structures of proteins and peptides at the solid/liquid interface in situ in real time. 
SFG results demonstrate that C-H stretching and amide signals can elucidate structures of hydrophobic 
side chains and secondary structures of interfacial peptides and proteins. Time-dependent structural 
changes of adsorbed proteins at the solid/liquid interface have been monitored. Adsorbed protein 
structures have been correlated to blood coagulation behavior on the surface. Lipid bilayers have been 
used as models for cell membranes to elucidate molecular interactions between cell membranes and 
antimicrobial peptides as well as some simple antibiotic compounds. Membrane protein orientation has 
been elucidated using SFG. This research demonstrates that SFG is a powerful technique which can 
elucidate molecular structures of proteins, peptides, and lipids at interfaces in situ. Several supplemental 
techniques including ATR-FTIR, QCM, four-wave mixing vibrational spectroscopy, and contact angle 
goniometry have been used in the research to substantiate the SFG results.  

 
COLL 392  

Nonlinear optical studies of supported bilayer membranes: Phospholipid organization and 
transmembrane polypeptide incorporation  

Dustin Levy, Optical Technology Division, National Institute of Standards and Technology, 100 Bureau 
Drive Stop 8443, Gaithersburg, MD 20899, dlevy@nist.gov, and Kimberly A. Briggman, Optical 
Technology Division, National Institute of Science and Technology  

The proposed existence of functional lipid rafts in natural and artificial cell membranes has led to a 
renewed interest in the structure and dynamics of lipid bilayers. Supported bilayer membranes (SBMs) 
have been developed as model membrane systems for the characterization of biomolecular interactions 
at cell surfaces. In the present study, the nonlinear interface-specific technique of vibrational sum-
frequency spectroscopy (VSFS) is used to characterize the thermal phase transitions of multicomponent 
SBMs and the structure and orientation of transmembrane polypeptides incorporated into SBMs. The 
ability to reproduce the phase behavior of binary cholesterol-phospholipid vesicles in a supported bilayer 
is demonstrated and an analysis of the secondary structure of transmembrane polypeptides using VSFS 
and infrared spectroscopy is presented.  

 
COLL 393  

Small molecule and peptide perturbations of phospholipid bilayer structure and dynamics  

John C. Conboy, Timothy C. Anglin, Jin Liu, and Hao Li, Department of Chemistry, University of Utah, 
315 S. 1400 E. RM 2020, Salt Lake City, UT 84112, Fax: 801-587-9919, 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. In particular, the talk will focus 
on our resent investigations into the translocation of lipid species in bilayer assemblies. The role which 
lipid packing plays on the structure of the lipid membrane and the rates of lipid flip-flop will be presented. 
The results of these studies and their possible implications for understanding the mechanism of lipid 
translocation will be discussed. In addition to the native process of lipid flip-flop, the role of exogenous 
membrane components on this important biological process is still not well understood. In an effort to 
understand this important interaction, the structural and dynamic perturbations cause by the presence of 
small molecules and membrane associated peptides studied by SFVS will also be discussed.  

 
COLL 394  

Investigation of the interaction between SWCNT and γ-cyclodextrin using AFM  

Srinivas Ravi1, Mark P. Kujawski2, Leela Rakesh3, and Minghui Chai1. (1) Department of Chemistry, 
Central Michigan University, Mt. Pleasant, MI 48859, ravi1s@cmich.edu, minghui.chai@cmich.edu, (2) 
Department of Engineering & Technology, Central Michigan University, (3) Department of Mathmatics, 
Central Michigan University  

Various methods of producing stable dispersions of single-walled carbon nanotubes (SWCNTs) in water 
are attained using dispersal agents. The dispersal agents can increase the surface interaction between 
SWCNTs and water via coating themselves on the surfaces of SWCNTs, thus to solubilize and disperse 
SWCNTs in aqueous solutions. Cyclodextrins (CD) are one of the exemplary agents. In our study, we 
have use γ-cyclodextrin (γ-CD) to solublize SWCNTs in water, which clearly generates a dark SWCNT 
colloidal solution (with some precipitate), while SWCNT alone solution looks like clear water with black 
precipitates. AFM images of SWCNTs prepared from the colloidal solution with γ-CDs clearly showed that 
CD molecules (or aggregates) decorated on the surface of each SWCNT bundles with a diameter around 
810 nm. The images also contains more SWCNTs than the ones of the SWCNTs (diameter ~ 700 nm) 
prepared from the water alone sample in the same scanning range. Also force-distance-curves have been 
measured for both systems to further probe the interaction between SWCNTs and γ-CDs.  

 
COLL 395  

"Know your onions": Reactivity and potential uses of carbon nano-onions  

Amit Palkar1, Frederic Melin1, Amit K. Naskar2, Amar Kumbhar3, Dan D. Edie2, and Luis Echegoyen1. (1) 
Department of Chemistry, Clemson University, 431 Hunter Laboratories, Clemson, SC 29634, Fax: 864-
656-6613, apalkar@clemson.edu, (2) Center for Advanced Engineering Fibers and Films, Clemson 
University, (3) Electron Microscopy Facility, Clemson University  

Although multishelled fullerenes also known as Carbon Nano Onions (CNOs) were discovered in 1992 by 
Ugarte, very few reports on their successful chemical functionalization exist until today. We have recently 
discovered the reactivity difference between CNOs obtained from two commonly employed synthetic 
strategies i.e. arcing of graphite and annealing of nanodiamonds (NDs) under inert atmosphere. The 
CNOs obtained by annealing NDs are highly reactive as compared to CNOs obtained from arcing. This 
large reactivity of CNOs from annealing of NDs, results in highly soluble CNO derivatives after they are 
functionalized, thereby permitting, for the first time, the study of their solution properties. Some of the 
interesting electrochemical, optical and magnetic properties of these CNOs along with their potential 
electronic and biological applications will be discussed.  



 

 
COLL 396  

Silicon-inspired functionalization of carbon nanotubes  

Tirandai Hemraj-Benny, Chemistry, State University of New York, Fax: 631-632-7960, 
tirandai@yahoo.com, and Stanislaus S. Wong, Department of Chemistry, SUNY at Stony Brook and 
Materials Science Department, Brookhaven National Laboratory, Fax: 631-632-7960, 
sswong@notes.cc.sunysb.edu  

We present a means of effective silylation of raw, pristine single-walled carbon nanotubes (SWNTs). 
Specifically, commercially available CoMoCAT SWNTs were functionalized at their ends and sidewalls (a) 
with trimethoxysilane and in a separate experiment, (b) with hexaphenyldisilane. Raman analyses 
demonstrated selective reactivity of predominantly smaller-diameter semiconducting nanotubes. 
Transmission electron microscopy (TEM), high-resolution TEM, scanning electron microscopy, and 
atomic force microscopy showed that the functionalization reaction was structurally non-destructive to the 
tube integrity. Fourier transform infrared (FT-IR) spectroscopy, nuclear magnetic resonance (29 Si NMR) 
spectroscopy, X-ray photoelectron spectroscopy (XPS), and energy dispersive X-ray (EDS) data provided 
evidence for chemical attachment of organosilanes onto the carbon nanotube surface. UV-visible data 
also yielded evidence for selectivity and functionalization.  

 
COLL 397  

Strategies for the preparation of small carbon nano-onions (CNOs)  

Frederic Melin1, Amit Palkar1, Amit K. Naskar2, Amar Kumbhar3, Dan D. Edie2, and Luis Echegoyen1. (1) 
Department of Chemistry, Clemson University, 431 Hunter Laboratories, Clemson, SC 29634, Fax: 864-
656-6613, fmelin@clemson.edu, (2) Center for Advanced Engineering Fibers and Films, Clemson 
University, (3) Electron Microscopy Facility, Clemson University  

Multishell fullerenes (Carbon Nano Onions) are unique carbon nanoparticles whose properties have not 
been studied in detail yet. CNOs containing two or three shells are the most promising candidates for 
potential applications, because they are expected to be easier to manipulate. Indeed CNOs seem to 
follow the general rule for fullerenes that the smaller their size and consequently the larger their external 
curvature, the greater their chemical reactivity. There have been several reports of the preparation of 
CNOs containing few layers, but state of the art instruments including a high vacuum furnace were 
required and the samples obtained were usually contaminated by the metal catalysts used in the process. 
We will present here our two strategies targeting the preparation of small CNOs: a) modification of 
existing preparative methods to obtain selectively small particles. b) “peeling” of the outer shells of large 
CNOs.  



 

 
COLL 398  

Synthesis and characterization of magnetite nanoparticles on DNA wrapped single-walled carbon 
nanotubes  

Gordana N. Ostojic and Mark C. Hersam, Department of Materials Science and Engineering, 
Northwestern University, Evanston, IL 60208-3108, g-ostojic@northwestern.edu  

A procedure for noncovalent functionalization of single-walled carbon nanotubes (SWNTs) with magnetite 
nanoparticles is demonstrated. This novel approach is based on iron oxide growth on the DNA that is 
used to solubilize and encapsulate SWNTs and it is investigated by XRD, AFM and FTIR experiments. 
The magnetite nanoparticle size (and thus their magnetic properties) can be tailored at the 10 nm length 
scale, which is a particularly useful range for magnetic resonance imaging enhancers. Since magnetite 
particles are grown on the outer, hydrophilic side of the wrapped DNA, the near infrared absorbance 
peaks of the underlying SWNTs that are important for optical biosensing and therapy are retained. The 
simplicity of the magnetite growth process and its compatibility with present nanotube biofunctionalization 
procedures makes it a suitable technique for the variety of proposed applications for multifunctionalized 
carbon nanotubes.  

 
COLL 399  

Synthesis and characterization of tannic acid functionalized magnetic nanoparticles  

Anselm Omoike, Department of Chemistry and Biochemistry, The University of Michigan-Flint, Flint, MI 
48502-1950, Fax: 810-766-6693, ansomo@umflint.edu  

Magnetic nanoparticles containing tannic acid have been synthesized using coprecipitation and post 
precipitation methods. The synthesized products were characterized by scanning electron microscopy 
(SEM), transmission electron microscopy (TEM), Fourier transform infrared (FTIR) spectroscopy and X-
ray photoelectron spectroscopy (XPS). Our results indicate that the nanoparticles obtained as 
coprecipitation products consist of magnetite, while magnetite and lepidocrocite were formed as 
postprecipitation products. FTIR results reveal the presence of metal complexing groups in the solid-
phases. The nanoadsorbents have potential applications for the removal and recovery of toxic metal ions 
from aqueous systems.  

 
COLL 400  

Synthesis and characterization of the single-point substituted fullerene bisadduct: 
C60[CMe(CO2Et)2]2  



Hsing-lin Wang, Chemistry Division, Los Alamos National Lab, MS J567, Physical Chemistry and 
Spectroscopy Group, Chemistry Division, Los Alamos National Laboratory, Los Alamos, NM 87544, 
hwang@lanl.gov, Chun-Chih Wang, Department of Chemistry, Los Alamos National Laboratory, Yuan 
Gao, Chemistry Division, Los Alamos National Laboratory, Long Chiang, Chemistry, University of 
Massachusetts Lowell, and Long Y. Chiang, Department of Chemistry, University of Massachusetts, 
Lowell  

We report here synthesis and characterization of an unusual fullerene derivative with two single-point 
substituents via bisanionic C60 intermediate (C602-) with 30% overall yield. This fullerene derivative is 
highly symmetric and has an intense yellowish green color, which is due to the trannulene at the 
equatorial position of the fullerene sphere. To the best of our knowledge, our compound is the first 
fullerene bisadduct with trannulene structure. Cyclic voltammogram of this fullerene derivative shows 
three redox pairs and their redox potentials are similar to that of the unuderivatized fullerene. The 
fullerene derivative was fully characterized by using 1H and 13C NMR, and UV-Vis and MALDI-TOF 
spectroscopy. The MALDI-TOF mass spectrum shows a weak peak at m/z 1066 for parent molecule and 
two distinct peaks at m/z 720 and 893 due to the sequential loss of CMe(CO2Et)2, consistent with the 
proposed molecular structure.  

 
COLL 401  

Influence of free surfactant and surfactant surface coverage on the rheology and mesoscale 
structure of organoclay dispersions  

Jin Li1, James M. Fitz-Gerald2, and James P. Oberhauser1. (1) Department of Chemical Engineering, 
University of Virginia, 102 Engineer's Way, Box 400741, Charlottesville, VA 22904-4741, Fax: 434-982-
2658, lijin@virginia.edu, oberhauser@virginia.edu, (2) Department of Materials Science and Engineering, 
University of Virginia  

The rheology and mesoscale structure of dispersions of organically modified montmorillonite clay in p-
xylene are examined as a function of excess free surfactant loading and grafted surfactant surface 
coverage. Oscillatory and steady shear experiments are used to determine the elastic modulus and yield 
stress, and a novel wet scanning electron microscopy (WSEM) technique directly images the dispersions 
and reveals the mesoscale distribution of organoclay domains.  

For fixed inorganic silicate content and grafted surfactant surface coverage, maximum values of elastic 
modulus and yield stress are observed for intermediate free surfactant content, whereas these quantities 
increase monotonically with increasing grafted surfactant surface coverage in the absence of free 
surfactant. WSEM shows that the distribution of organoclay domains improves with both increasing free 
surfactant loading and surfactant surface coverage. The influence of both variables on van der Waals 
attractions between adjacent organoclay domains and organoclay network strength will be discussed.  

 
COLL 402  

Nanocrytalline cation exchanger derived from beta-chitin  

Daisuke Sawada1, Min Wu2, Satoshi Kimura1, Masahisa Wada3, and Shigenori Kuga2. (1) Department of 
Biomaterials Science, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan, Fax: 
+81-3-5684-0299, (2) Graduate School of Agricultural and Life Sciences, The University of Tokyo, (3) 
Department of Biomaterials Science, University of Tokyo, Japan  

Beta-chitin, the rarer form of native chitin crystal, can form characteristic intercalation complexes by 
incorporating small polar molecules within the inter-sheet space of chitin chains. Using highly crystalline 



beta-chitin obtained from diatom spines, we have elucidated basic features of this complexation behavior. 
Utilizing this phenomenon, we could esterify the chitin by heating its complex with carboxylic anhydrides. 
Of these, multivalent cyclic anhydrides such as succinic or pyromellitic anhydrides gave chitin 
monoesters, presumably with degree of substitution of one (DS 1.0). These esters had free carboxyl 
groups due to the ring-openeing reaction, and therefore showed cation exchange ability maintaining the 
nanofibrillar morphology. The metal cations, such as Pb2+, Au3+, or Gd3+, incorporated into the 
nanofibrils were aligned periodically within the inter-sheet space of original beta-chitin, as evidenced by 
strong Bragg reflections of the metal ions.  

 
COLL 403  

Nanoparticles as seeds for organic crystallization  

Ruomiao Wang1, Indika U. Arachchige2, Stephanie L. Brock2, and Guangzhao Mao1. (1) Department of 
Chemical Engineering and Materials Science, Wayne State University, 5050 Anthony Wayne Drive, 
Detroit, MI 48202, Fax: 001-313-577-3810, rmwang@wayne.edu, (2) Department of Chemistry, Wayne 
State University  

This paper describes a seeded nucleation strategy to fabricate a branched nano-hybrid by spin coating 
the mixed solution of inorganic nanoparticles (thiol capped CdSe) and organic crystalline compound 
(arachidic acid) on graphite (JACS 2004, 126, 16290). The seed-mediated mechanisms, both kinetic and 
thermodynamic, to control molecular self-assembly and crystallization were investigated by AFM, TEM, 
and in situ EDS. The confinement effect of nanoparticles is manifested in the discrete increase in nanorod 
width with nanoparticle diameter. The competition between template effects from nanoparticle and from 
graphite allows kinetic control of nanorod orientation. This strategy is proven to be universal, and nano-
hybrids have been fabricated using different nanoparticle seeds, fatty acids, and solvents.  

 
COLL 404  

Colloidal dispersions: Controlling interactions and understanding the consequences  

William B. Russel, Department of Chemical Engineering, Princeton University, Princeton, NJ 08544, 
wbrussel@princeton.edu  

Colloid scientists seek to synthesize particles with interesting and useful chemical properties and 
formulate with them diagnostic or therapeutic agents and materials, fluid or solid, with valuable functions. 
This talk will address the materials side of the subject, focusing primarily on the role of interactions 
between particles in concentrated dispersions as understood through research with model colloids that 
employs optical and mechanical techniques, both classical and modern. The information gained about the 
structure and properties is generally consolidated with theory based on fluid and statistical mechanics, 
including key results from polymer physics. Topics touched upon will include dispersion rheology, 
colloidal crystals, depletion, associative polymers, and latex film formation.  

 
COLL 405  

The surface science of metal and oxide catalysts: Model systems at the atomic level  

Hans-Joachim Freund, Abteilung Chemische Physik, Fritz-Haber-Institut der Max-Planck-Gesellschaft, 
Faradayweg 4-6, D-14195 Berlin, Germany, Fax: +49(0)308413-4101  



Our investigations aim at the creation and study of model heterogeneous catalysts by designing systems 
that capture some of the complexities of real catalysts while allowing us to apply the rigor of surface 
science to unravel its properties. To this end models for dispersed supported metal catalysts as well as 
for bulk and supported oxide catalysts have been prepared and characterized. Systems with unique 
properties through the control of the composition at the nanoscale may be designed. Also, novel 
experimental techniques have been pushed beyond the state of the art to study such systems. Examples 
include supported metal atoms, clusters and nanoparticles whose structural, electronic and chemical 
properties will be reported. Further examples involve structure-reactivity relations of oxide surfaces and 
oxide nanoparticles with a particular emphasis on the discussion of factors controlling selectivity in 
surface reactions.  

 
COLL 406  

Thermodynamics and kinetics of surface chemical reactions: From rate-determining steps in 
catalysis to protein adsorption  

Charles T. Campbell, Department of Chemistry, University of Washington, P. O. Box 351700, Seattle, 
WA 98195, Fax: 206-616-6250, campbell@chem.washington.edu  

A survey of experimental and theoretical results concerning the thermodynamics and kinetics of 
technologically important surface chemical reactions will be presented. These include: (1) 
microcalorimetry studies of adsorption energies of small molecules and metal atoms on single crystal 
surfaces and on polymers, and of proteins on hydroxyapatite; (2) analyses of the conditions where 
nanoscale materials are more stable, and less stable, than the same material in bulk form; (3) systematic 
trends in pre-exponential factors for the rate constants of surface reactions; (4) a method for analyzing 
multi-step reaction mechanisms that quantifies the extent to which each elementary step controls the rate; 
and (5) high-throughput methods for analyzing the kinetics of proteins binding to microarrays of surface-
immobilized DNAs and proteins.  

*Work supported mainly by NSF and DOE-OBES Chemical Sciences Division.  

 
COLL 407  

Site-directed hydrocarbon chemistry and catalysis at Pt-Sn alloy surfaces  

Bruce E. Koel, Department of Chemistry and CAMN, Lehigh University, 6 E. Packer Ave., Bethlehem, PA 
18015, Fax: 610-758-6555, brk205@lehigh.edu  

Achieving higher activity and selectivity of heterogeneous catalysts, electrocatalysts, and sensors 
requires advances in controlling structure and chemistry relevant to interfacial reactions at the nanoscale. 
One can now exploit an unprecedented ability to investigate such phenomena on alloy surfaces to obtain 
new information about how and why composition, structure, and defects alter chemical reactions that 
occur at specific sites. We have been probing this “site-directed” chemistry at ordered alloy (intermetallic 
compound) surfaces in a wide range of chemisorption and catalytic reactivity studies. I will present results 
for several Sn/Pt(111) and Sn/Pt(100) ordered surface alloys that have helped to define the overall 
chemical reactivity of Pt-Sn bimetallic surfaces, clarified the role of a second metal in altering the 
chemistry of Pt alloys, and led to general principles for understanding the reactivity and selectivity of alloy 
catalysts.  

 
COLL 408  



The role of alloying in catalytic properties: Pd-Au bimetals for vinyl acetate synthesis  

Mingshu Chen, Patrick Han, Fan Yang, and D. Wayne Goodman, Department of Chemistry, Texas A&M 
University, College Station, TX 77842, Fax: 979-845-6822, mschen@mail.chem.tamu.edu, 
goodman@mail.chem.tamu.edu  

Bimetallic catalysts exhibit markedly different properties from either of the constituent metals, and 
enhanced catalytic performance. Surface composition is a key to understanding the role of alloying in 
mixed-metal catalysts. Scanning tunneling microscopy (STM), low-energy ion scattering spectroscopy 
(LEIS), infrared reflection absorption spectroscopy (IRAS) and temperature programmed desorption 
(TPD) using CO as a probe molecule were used to elucidate the surface concentration and adsorption 
sites as well as the surface ensembles. PdAu(100), Pd/Au-low index single crystal surfaces, and planar 
model surface of Pd-Au/Mo(110) were selected as model surfaces. Isolated Pd sites, PdAu6 for Pd-Au on 
Mo(110) and for Pd/Au(111), and PdAu4 for PdAu(100) and Pd/Au(100), were observed by controlling the 
Pd amount and the annealing temperature. Acetoxylation of ethylene to vinyl acetate (VA) was used to 
investigate the mechanism of the promotional effect of Au in a Pd-Au alloy catalyst. The enhanced rates 
of VA formation for low Pd coverages relative to high Pd coverages on Au single crystal surfaces 
demonstrate that the critical reaction site for VA synthesis consists of two, non-contiguous, suitably 
spaced Pd monomers. The results show that the role of Au is to isolate single Pd sites that facilitate the 
coupling of critical surface species to product while inhibiting the formation of undesirable reaction by-
products.  

 
COLL 409  

Electrocatalytic properties of Pt single crystal surfaces vs. nanoparticle surfaces: Similarities and 
differences  

Philip N. Ross, Material Sciences, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, Fax: 
510-486-5530  

The kinetics of oxygen reduction on Pt electrodes in aqueous electrolytes depends relatively strongly on 
the Pt particle size. The practical consequence of this crystallite size effect is quite significant, e.g. a “lost 
activity” exceeding factors of 2 –3 for surface areas above ca. 60 m2/g. I will review studies in my 
laboratory from the last decade or so which have attempted to account for the crystallite size effect from 
the structure sensitivity of the kinetics on single crystal surfaces. I will show that the structure sensitivity 
does not entirely account for the effect, and that there is a “size effect” per se that is also reflected 
experimental measurements of the potential of zero charge (pzc) of the Pt nanoparticles. Interpretation of 
the pzc of the Pt nanoparticles and what it means from both an electronic and kinetic perspective will be 
discussed.  

 
COLL 410  

Relevance of fundamental catalysis studies to proton exchange membrane fuel cell applications  

Hubert A. Gasteiger, Wenbin Gu, Rohit Makharia, Kenneth C. Neyerlin, Frederick T. Wagner, Susan G. 
Yan, and Paul T. Yu, Fuel Cell Activities, General Motors, Honeoye Falls, NY 14472, 
hubert.gasteiger@gm.com  

This paper will discuss recently developed ORR catalyst concepts for Proton Exchange Membrane Fuel 
Cells (PEMFCs), their applicability to real fuel cell applications, and issues relating to long-term durability: 
i) long-term performance enhancement by Pt-alloys; ii) durability of shell/core approaches, where a thin 
Pt-shell is supported by a different core material; iii) relevance of the reported high ORR activity of 



Pt3Ni(111) surfaces to real fuel cells. Since most fundamental kinetic work is conducted in liquid 
electrolytes using rotating risk electrode (RDE) measurements, we will also examine the correlations 
between catalyst activity determined by RDE vs. what is observed in PEMFCs, particularly under 
application-relevant low relative humidity conditions. Since this comparison requires careful elimination of 
ohmic and mass-transport resistances (both gas transport and proton conduction resistance through 
electrodes), quantification of these voltage loss terms is essential for determining kinetics. Furthermore, 
we will discuss catalyst and catalyst-support durability and degradation mechanisms.  

 
COLL 411  

Density functional theory calculations for the hydrogen evolution reaction  

Jens K. Norskov1, Egill Skulasson1, Jan Rossmeisl1, Thomas Bligaard1, Gustav Karlberg1, Jeffrey P 
Greeley2, and Hannes Jónsson3. (1) Center for Atomic-scale Materials Design, Technical University of 
Denmark, Department of Physics, Building 307, DK-2800 Lyngby, Denmark, (2) Center for Nanoscale 
Materials, Argonne National Laboratory, (3) Faculty of Science, VR-II, University of Iceland  

The results of density functional theory calculations are presented for a Pt(111) slab with a bilayer of 
water, protons dissolved in the water layer, and excess electrons in the metal surface. In this way we 
model the electrochemical double layer at a platinum electrode. By varying the number of 
protons/electrons added, we can vary the potential of the electrode. We study the elementary processes 
involved in the hydrogen evolution reaction (2(H+ + e-) -> H2) and determine the activation energy and 
predominant reaction mechanism as a function of electrical potential.  

 
COLL 412  

Gold-modified platinum surfaces in electrocatalysis of oxygen reduction  

Radoslav R. Adzic1, Junliang Zhang2, Kotaro Sasaki1, and Eli Sutter3. (1) Chemistry Department, 
Brookhaven National Laboratory, Building 555, Upton, NY 11973, Fax: 631-344-5815, adzic@bnl.gov, (2) 
Chemistry Department, Brrokhaven National Laboratory, (3) Electron Microscopy, Brookhaven National 
Laboratory  

We demonstrate that platinum oxygen reduction fuel-cell electrocatalysts can be stabilized (exhibit no 
dissolution under potential cycling regimes) by modifying Pt nanoparticles with Au clusters. This behavior 
was observed under oxidizing conditions of the O2 reduction reaction and potential cycling between 0.6- 
and 1.1-V in 30,000 cycles. There were insignificant changes in the activity and the surface area of Au-
modified Pt, in contrast to sizeable losses observed with the Pt only under the same conditions. The data 
present the first evidence that small Au clusters can affect the properties of metal supports. The 
stabilizing effects of Au clusters are ascribed to the higher Pt-oxidation potential that they cause, an 
interpretation verified by data from in situ x-ray absorption near edge spectroscopy. Additionally, the 
findings hold promise for resolving the problem of Pt dissolution under potential cycling regimes that is 
critical for the application of fuel cells in electric vehicles.  

 
COLL 413  

Peroxide and oxygen reduction on electrode surfaces  



Andrew A. Gewirth1, Ezra E. Eibergen1, and Karen L. Stewart2. (1) Department of Chemistry, University 
of Illinois, 505 S. Mathews Avenue, Urbana, IL 61801, Fax: 217-333-2685, agewirth@uiuc.edu, (2) 
Department of Chemistry, University of Illinois at Urbana-Champaign  

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 Ag in base 
and in acid on Cu and Au surfaces modified with ordered metal monolayers. The former is an efficeint 
oxygen reduction catalyt, while the latter are not. 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 414  

Analysis of oxygen reduction reaction by using X-ray photoelectron spectroscopy combined with 
electrochemical cell: Potential-dependence of oxygen species adsorbed on Pt-based 
electrocatalysts  

Masahiro Watanabe1, Mitsuru Wakisaka1, and Hiroyuki Uchida2. (1) Clean Energy Research Center, 
University of Yamanashi, Takeda 4, Kofu 400-8510, Japan, Fax: +81-55-254-0371, m-
watanabe@yamanashi.ac.jp, (2) Interdisciplinary Graduate School of Medicine and Engineering, 
University of Yamanashi  

Adsorption of oxygen species on pure Pt and Pt-based alloys was investigated by X-ray photoelectron 
spectroscopy combined with an electrochemical cell in order to find a clue of designing higher 
performance cathode catalysts. After electrochemical measurements in 0.1 M HF solution purged 
with/without oxygen, these electrodes were immediately transferred to XPS chamber without exposing to 
air to avoid contamination of the surfaces. Three species of oxygen adsorbed on the electrodes were 
distinguished by XPS with binding energies at 529.5, 530.5 and 531.1 eV, assigned to atomic oxygen, 
hydroxyl and bilayer water, respectively. It was revealed that the coverage and ratio of these oxygen 
species depended on the electrode potential. The profile of the adsorbed oxygen species in the oxygen-
purged solution was observed to be quite different from that in nitrogen-purged solution, especially at the 
potential where the oxygen reduction took place. The mechanism of oxygen reduction will be discussed.  

 



 
COLL 415  

Oxygen reduction electrocatalysis on non-precious metal nanocomposites  

Rajesh Bashyam1, Christina M. Johnston1, Steven D. Conradson2, and Piotr Zelenay3. (1) Materials 
Physics & Applications Division, Los Alamos National Laboratory, Los Alamos, NM 87545, 
bashyam@lanl.gov, (2) Materials Science and Technology Division, Los Alamos National Laboratory, (3) 
Materials Science and Technology (MST-11), Los Alamos National Laboratory, Los Alamos, NM 87545, 
Fax: 505-665-4292, zelenay@lanl.gov  

Recently (Bashyam and Zelenay, Nature, 443 63, 2006), we have demonstrated a class of oxygen 
reduction reaction (ORR) nanocomposite catalysts for the polymer electrolyte fuel cells (PEFC), which is 
composed of a non-precious metal, (e.g. cobalt, nickel, iron), heteroatomic polymer (e.g. polypyrrole) and 
high surface-area carbon (e.g. Vulcan XC-72). Following an activation step typically carried out under the 
condition similar to those of a PEFC cathode operation, these catalysts exhibit promising ORR activity 
and very good performance stability. In this presentation, we will concentrate on the mechanism of 
oxygen reduction and the nature of active catalytic sites in the nanocomposite catalysts. We will present 
data obtained by both electrochemical (rotating ring-disk electrode, fuel cell testing) and non-
electrochemical techniques (x-ray absorption near-edge, extended x-ray absorption fine structure, x-ray 
photoelectron spectroscopy). We will then analyze possible oxygen reduction paths and formulate main 
challenges facing research and development of nanocomposite catalysts as well as non-precious metal 
ORR catalysts for fuel cells in general.  

 
COLL 416  

Oxygen reduction measurements in alkaline solution  

Matthias Arenz, Karl JJ. Mayrhofer, and Gustav Wiberg, Physical Chemistry I, Technical University 
Munich, Lichtenbergstrasse 4, 85748 Garching, Germany, matthias.arenz@mytum.de  

The oxygen reduction reaction is one of the most important reactions in electrochemistry due to the 
central role it plays in fuel cells, corrosion and industrial processes. For fuel cells, there is a renewed 
interest in catalysts for oxygen reduction in alkaline media, as in this media a replacement of platinum by 
a less expensive metal is most promising and new alkaline membranes might be available. In this study 
we concentrate on the issue of determining the catalytic activity in alkaline media utilizing an 
electrochemical glass cell and the degradation of the catalyst with time.  

 
COLL 417  

Electroreduction of oxygen at uniform arrays of Pt nanoparticles: Role of particle size and 
interparticle distance  

Sachin Kumar and Shouzhong Zou, Department of Chemistry and Biochemistry, Miami University, 
Oxford, OH 45056, kumars1@muohio.edu, zous@muohio.edu  

A long standing puzzle in oxygen reduction on Pt nanoparticles is the role of particle size on the reaction 
kinetics. Hypotheses ranging from the variation in number of low coordinated surface atoms with size to 
effects due to interparticle distance have been put forward in past. In the past studies the lack of control in 
fabrication of uniformly sized and distribution of nanoparticles has made it difficult to truly reveal the 
particle size effects for oxygen reduction on Pt nanoparticles. To elucidate the role, particle size and/or 



interparticle distance plays for oxygen reduction kinetics, we have developed a new model catalyst 
system where the interparticle distance and particle size can be varied with good control. Using this 
model system and rotating (ring) disk electrode, we are examining the reaction kinetics for oxygen 
reduction as a function of particle size and interparticle distance. The results will be discussed in the 
presentation.  

 
COLL 418  

Formation of viologen-functionalized monolayers in nanoporous anodic alumina for reagentless 
multiplexing biosensing  

Juchao Yan, Department of Physical Sciences, Eastern New Mexico University, 1500 S Ave K, Portales, 
NM 88130, Fax: 505-562-2192, juchao.yan@enmu.edu, and Robert D. Long, Physical Sciences, Eastern 
New Mexico University  

The confinement of electrochemical transduction of biorecognitions into one-dimensional nanostructures 
offers a unique multiplexing capability for simultaneous measurements of multiple analytes. For parallel 
real-time measurements of streptavidin and anti-biotin, we have selected nanoporous anodic alumina 
(NAA) as the templates, and a viologen-functionalized, biotin-terminated alkylthiol as the transducer 
molecule. NAA consists of ordered hexagonal nanopores, and is being fabricated in our laboratory to 
achieve a spectrum of nanopore arrays. Using electrodeposition, we will plug one end of the nanopores 
with gold. Through surface reaction, we have developed a novel approach of forming a monolayer of the 
transducer molecule on gold: 1) self-assembly of 1-mercaptoundec-11-yl tri(ethyleneglycol) and [N-(11-
mercaptoundecyl)-4-(4'-pyridyl)]pyridinium bromide; and 2) surface quaternarization of the exposed 
pyridyl groups with ω-bromoalkylamine, with the resulting monolayer being further derivatized to attach 
biotin ligands. Illustratively, biorecognition of biotin-streptavidin will be transduced by the changes in the 
redox properties of the surface-confined viologen groups (i.e., 4,4'-bipyridyl).  

 
COLL 419  

Aqueous nanoscale self-assemblies of amphiphilic acylpyrazolones and acylisoxazolones for 
lanthanide metal ion recognition  

Guduru Venkat Reddy, Hengli Ma, and Subra Muralidharan, Department of Chemistry, Western 
Michigan University, 3120 Wood Hall, Kalamazoo, MI 49008, Fax: 269-387-2909, 
venkat.guduru@wmich.edu  

Nanoscale self-assemblies of amphiphilic ligands are attractive for the remediation of aqueous phase 
containing trace levels of metal ions. Such systems provide environmentally benign ways of remediation. 
We have synthesized amphiphilic ligands of acylpyrazolones and acylisoxazolones for the recognition 
and separation of trivalent lanthanide metal ions. Their separation is important for the remediation of 
nuclear wastes. The acylpyrazolones and acylisoxazolones have low pKa values making them highly 
suitable for the extraction of metal ions from acidic solutions, a condition often found with nuclear wastes. 
We have shown by TEM that these ligands spontaneously self-assemble to form vesicles, nanotubes, 
nanorods, and dendritic structures. They have also been characterized by optical microscopy. The 
efficacies of these ligands for the recognition of trivalent lanthanide ions have been investigated by 
employing them in the mobile phase in reverse phase HPLC separations on a ODS column. Excellent 
separation of light and heavy lanthanides which are far superior to the conventional solvent extraction 
systems have been obtained. The separations mediated by the nanoscale assemblies in the aqueous 
phase and on the ODS stationary phase follow a complex mechanism. The equilibrium constants for the 
association of the trivalent lanthanides with the amphiphilic ligands have been determined from these 
studies. Significant results of these investigations will be presented.  



 
COLL 420  

Nanoscale sensor consisting of nanoparticle, fluorescent stilbene, and receptor for nerve gas 
analogs  

Yogesh Datar and Subra Muralidharan, Department of Chemistry, Western Michigan University, 3120 
Wood Hall, Mail Stop 5413, Kalamazoo, MI 49008, Fax: 269-387-2909, yogesh.datar@wmich.edu  

Our research program in nanosensor design and characterization is focused on novel nanoscale 
composites for the detection of nerve gas agents. We are investigating the concept of nanoparticle-
monomer-receptor (NMR) composite for the sensitive and selective detection of organophosphorous 
nerve gas agents. We have synthesized a number of NMR sensors where the nanoparticles are SiO2 and 
ZnS:Mn/CdS core/shell quantum dots, the monomers are stilbene derivatives and the receptors are 
isoquinoline and 3-aminohexafluoropropanol. The nerve gas analogs DCP and DMMP and HCl were 
detected with these NMR sensors by fluorescence change in the wavelength range 380 – 500 nm. The 
sensors exhibited excellent selectivity for DCP over DMMP and also exhibited good sensitivity towards 
HCl. The sensing mechanism involves the interaction of the receptor molecule with the target which 
yielded changes in the fluorescence of the receptor, the stilbene monomer and the nanoparticle in the 
case of quantum dots. This signal transduction mechanism provided good sensitivities of detection. The 
results of these studies will be presented.  

 
COLL 421  

Multifunctional receptors for the generation of nanosensors for nerve gas toxins  

William Lizik and Subra Muralidharan, Department of Chemistry, Western Michigan University, Wood 
Hall, Kalamazoo, MI 49008, Fax: 269-387-2909, wlizik@hotmail.com  

A critical component of the NMNR nanosensors that we are developing is the appropriate receptor for the 
target toxin. The NMNR nanosensors are constructed bottom-up consisting of nanoparticle (N), 
fluorescent monomer (M), nanomolecule (N) and receptor (R). We have thus far investigated SiO2 and 
ZnS:Mn/CdS core/shell quantum dots as nanoparticles, a variety of stilbene based fluorescent 
monomers, Zn(II), Cd(II), Ru(II), and Eu(III) metal complexes of bipyridyl ligands derivatized with 
receptors for the generation of the NMNR sensors. Multifunctional polyaromatic compounds is one class 
of receptors that we have studied for the NMNR sensors. In this regard the efficacies of 9-amino acridine 
and 4'-aminobiphenyl-4-carfbonitrile have been studied. Both ligands have high sensitivity towards the 
nerve gas analogs DCP and DMMP with a high selectivity for the former over the latter. The 4'-
aminobiphenyl-4-carfbonitrile ligand has superior performance compared to 9-amino acridine in the 
NMNR sensors. These sensors exhibit a fluorescence decrease or increase depending on the metal ion 
in the complex. In addition to these sensors, those with two L-methionine amino acid in the 4,4' position of 
bipyridyl in a Ru(II) complex has also been developed. This sensor has been developed for the 
attachment of antibodies and their Fab fragments for the detection of biotoxins. Significant results of 
these studies will be presented.  

 
COLL 422  

Novel Ru(II) complexes bearing receptors for the construction of nerve gas sensors  

Aruna Weerasinghe and Subra Muralidharan, Department of Chemistry, Western Michigan University, 
Kalamazoo, MI 49008, Fax: 269-387-2909, arunajw@yahoo.com  



Our research in the area of nanosensors for chemical and biotoxins is focused on the development of 
NMNR nanosensors obtained by the bottom-up assembly of nanoparticle (N), fluorescent monomer (M), 
nanomolecule (M), and receptor (R). The detection mechanism is fluorescence change. In this regard we 
have synthesized novel Ru(II) complexes with two bipyridyl ligands and a third bipyridyl ligand with a 
chosen receptor. An example of a receptor for nerve gas agents is isoquinoline that has been extensively 
studied. Other receptors have also been investigated. The sensor consisting of SiO2 nanoparticle, 
stilbene monomer, and Ru(II) complex has been investigated for its efficacy in sensing the nerve gas 
analogs DCP and DMMP as well acids like HCl. This NMNR sensor exhibits excellent selectivity between 
DCP and DMMP but also is a good sensor for HCl. It is a sensor for a broad class of nerve gas agents 
and toxic chemicals. The interaction of the receptor with the target toxin generates fluorescence change 
not only in the receptor but also in the Ru(II) complex and the stilbene monomer through signal 
transduction. The complex and the sensor have been characterized in terms of their uv-vis and 
fluorescence spectra and fluorescence lifetimes. Significant results of these studies will be presented.  

 
COLL 423  

Nitrogen heterocyclic compounds as receptors in nanosensors for nerve gas agents  

Swapna Katram and Subra Muralidharan, Department of Chemistry, Western Michigan University, 3120 
Wood Hall, Mail Stop 5413, Kalamazoo, MI 49008, Fax: 269-387-2909, swapna.katram@wmich.edu  

The novel nanosensors that we have developed, nanoparticle-monomer-nanomolecule-receptor (NMNR) 
and nanoparticle-monomer-receptor (NMR) nanocomposites obtained by the bottom up self-assembly of 
the various components in the indicated sequence amplify the fluorescence signal by a transduction 
mechanism. We have investigated SiO2 and ZnS:Mn/CdS core/shell quantum dots as nanoparticles, a 
variety of stilbene based fluorescent monomers, Zn(II), Cd(II), Ru(II), and Eu(III) metal complexes of 
bipyridyl ligands derivatized with receptors for the generation of the NMNR sensors. As receptors for 
nerve gas agents we have investigated 5-aminoindazoloe, 6-aminoiindazole, and dipyrido[3,2-a:2',3'-
c]phenazine (dppz). The indazole ligands have been either attached to bipyridyl ligand and then 
complexed with Zn(II) to obtain NMNR sensor or directly coupled to stilbene monomers to obtain NMR 
sensor. The dppz ligand has been complexed with Zn(II) and performs as a sensor on its own. Among the 
indazole receptors the 5-aminoindazole exhibited much higher sensitivity for the nerve gas analog DCP 
than did 6-aminoindazole. Both receptors did not have strong interaction with the analog DMMP but had 
moderate interaction with HCl. The Zn(dppz)2 complex exhibited good sensitivity for DCP and selectivity 
over DMMP. These results and mechanism of sensing will be discussed in this presentation.  

 
COLL 424  

Synthesis and fundamental characterization of patchy CdS:Mn/CdS core/shell quantum dots  

Elizabeth J Sodt and Subra Muralidharan, Department of Chemistry, Western Michigan University, Wood 
Hall, Kalamazoo, MI 49008, Fax: 269-387-2909, elizabeth.j.sodt@wmich.edu  

One of the areas of research in our laboratory is the development of nanoscale materials with unique 
optical properties for applications as sensors, bioimaging and optical waveguides. In this regard we are 
investigating CdS and ZnS quantum dots doped with magnetic nuclei such as Mn(II) and trivalent 
lanthanides and their characterization by a variety of spectroscopic and imaging techniques. We have 
developed a green synthetic procedure in the aqueous phase under mild conditions for the generation of 
core/shell quantum dots. The CdS:Mn/CdS quantum dots containing CdS quantum core doped with 
varying concentrations of Mn(II) (0.01 – 1%) encapsulated in CdS shell of varying stoichiometric ratios 
(1/16 – 1) between the core and shell CdS have been synthesized. Uv-vis, fluorescence, and EPR 
spectroscopy, TEM, SEM, XRD, dynamic laser light scattering, optical microscopy, fluorescence lifetime 



measurements and elemental analysis have been employed to characterize these core/shell 
nanoparticles. These studies have also been extended to lanthanide ion dopants and interesting 
differences have been observed between Mn(II) and the trivalent lanthanide ions. Significant results of 
these studies will be presented.  

 
COLL 425  

“Switch on” and “Switch off” nanosensors for the detection of nerve gas agents  

Shankar Varanganti and Subra Muralidharan, Department of Chemistry, Western Michigan University, 
3120 Wood Hall, Mail Stop 5413, Kalamazoo, MI 49008, Fax: 269-387-2909, 
sushank_chem@yahoo.com  

We have developed the concept of nanoparticle (N)-monomer (M)-nanomolecule(N)-receptor(R), namely 
the NMNR sensors for the selective and sensitive detection of organophosphorous nerve gas agents. 
Such sensors obtained by bottom-up construction detect the target toxin by fluorescence change of not 
only the receptor but also of the nanomolecular complex and the monomer through signal transduction. 
Our studies indicate that L-tryptophan is an excellent receptor for nerve gas agents. We have synthesized 
the bipyridyl ligand with L-tryptophan in the 4,4' and 5,5' positions and complexed with Ru(II), Zn(II), and 
Eu(III) bearing two bipyridyl ligands leading to chiral complexes. These complexes exhibited excellent 
selectivity between the nerve gas analogs DCP and DMMP and showed good sensitivity to acids such as 
HCl. NMNR sensors were constructed were the nanoparticle is SiO2 or ZnS:Mn/CdS core/shell quantum 
dot, fluorescent stilbene monomer, and the various complexes. These sensors exhibited either a 
fluorescence decrease (switch off) or increase (switch on) depending on the complex employed. The 
complexes and the sensors have been characterized by a variety of spectroscopic techniques and their 
sensing mechanism have been investigated. Highlights of these studies will be presented.  

 
COLL 426  

Highly fluorescent stilbene based monomers for the design and construction of nanosensors for 
chemical and biotoxins  

Chun Wang and Subra Muralidharan, Department of Chemistry, Western Michigan University, 
Kalamazoo, MI 49008, Fax: 269-387-2909, chun.wang@wmich.edu  

We have a developed the concept of nanoparticle-monomer-nanomolecule-receptor (NMNR) and 
nanoparticle-monomer-receptor (NMR) nanocomposites obtained by the bottom up self-assembly of the 
various components in the indicated sequence. These nanosensors amplify the fluorescence change of 
the receptor upon binding a target toxin by a signal transduction mechanism involving the nanomolecule, 
fluorescent monomer, and nanoparticle. We have synthesized twelve different stilbene based monomers 
for the NMNR and NMR sensors and investigated their efficacies for the detection of nerve gas analogs 
DCP and DMMP and acids like HCl. The number of phenyl rings in the monomers range from 2 – 4 and in 
some cases is terminated with a pyridine ring. The pyridine terminated monomers function as sensors 
themselves and the others can be readily coupled with complexes bearing the receptor or directly with the 
receptor. The various compounds have been characterized by NMR, uv-vis and fluorescence 
spectroscopy, mass spectrometry, fluorescence lifetime. Both NMNR sensors with the nanomolecule 
being Eu(dppz)3 (dppz = dipyrido[3,2-a:2',3'-c]phenazine) complex and NMR sensors have been obtained 
with the stilbene based monomers. Their efficacies for sensing DCP, DMMP, and HCl have been 
characterized. Important results of these studies will be presented.  

 
COLL 427  



Nanosensors for the detection of explosive compounds  

Deepak Thimmaraju and Subra Muralidharan, Department of Chemistry, Western Michigan University, 
3120 Wood Hall, Mail Stop 5413, Kalamazoo, MI 49008, Fax: 269-387-2909, 
deepak.thimmaraju@wmich.edu  

We have developed a novel nanosensor NMNR consisting of nanoparticle(N) such as SiO2 and quantum 
dots, fluorescent monomer(M) derived from the stilbene structure, nanomolecule(N) which is a metal 
complex of Zn(II), Cd(II), Ru(II), or Eu(III) with a suitable ligand such as bipyridyl, and a receptor(R) for a 
target toxin chemically attached to one of the bipyridyl ligands. Such sensors have been developed to 
improved sensitivity through signal transduction upon binding of the toxin by the receptor. Such sensors 
have been developed for the detection of explosive compounds such as mono, di, and trinitrotoluene. Pi 
electron rich receptors and their fluorine analogs, 2-phenyl-2-propanol and its fluorinated analog 1, 1, 1, 
3, 3, 3-hexafluoro-2-phenyl-propanol have been investigated for their ability to detect the various nitro 
compounds. These receptors have been attached to the bipyridyl ligand in the 4,4' and 5,5' positions and 
the derivatized bipyridyl ligands complexed with Zn(II) and Eu(III). These complexes have been 
characterized in terms of their fluorescence emission and lifetimes to understand their interaction with the 
target compounds. The NMNR sensors generated with these complexes have been investigated for their 
efficacies towards sensing the nitro compounds by fluorescence change. A comparison between the 
receptors, metal complexes and the nitro compounds will be presented.  

 
COLL 428  

Ideal chemical environment for optimal protein activity on surfaces  

X-Y. Zhu, Department of Chemistry, University of Minnesota, 207 Pleasant St SE, Minneapolis, MN 
55455, Fax: 612 6247007, zhu@chem.umn.edu, and Athena Guo, MicroSurfaces, Inc  

The attachment of protein molecules to solid surfaces is central to a number of emerging technologies, 
such as protein microarrays and bio-sensors. Unlike DNAs, proteins have delicate three dimensional 
structures that can be easily disrupted or disturbed upon adsorption on a solid surface. Here we 
demonstrate the development of “ideal” surface chemistry for the immobilization of protein molecules. The 
approach is based on a high-density poly-ethylene-glycol (PEG) brush, which is further functionalized for 
the highly selective and specific immobilization of protein molecules. Each immobilized protein molecule 
on this repulsive surface is linked only by one tether but otherwise stays away from the surface, with 
controlled orientation, easy accessibility, and optimal activity. We show that the enzymatic activity of 
oriented sulfotransferase or alkaline phosphatase on such a surface is the same as that of the solution 
phase enzyme, while randomly oriented enzyme on sticky surfaces shows less than 20% of the activity. 
We also demonstrate that protein molecules on this “ideal” surface can go through multiple cycles of 
denaturation and renaturation while those on other surfaces do not recover their activities after 
denaturation. All these point to the importance of surface chemical control in ensuring protein activity on 
the surface.  

 
COLL 429  

Controlling the morphology of 1-D tobacco mosaic virus assembly assisted by aniline 
polymerization  

Michael A. Bruckman1, Zhongwei Niu1, L. Andrew Lee1, Byeongdu Lee2, and Qian Wang1. (1) 
Department of Chemistry and Biochemistry, University of South Carolina, 631 Sumter St., columbia, SC 
29208, bruckman@mail.chem.sc.edu, (2) X-Ray Science Division, Argonne National Laboratory  



Using biological components as templates for the fabrication of desired nanostructures is a promising 
direction in nanomaterials development. The controlled design of conductive nanofibers has potential 
applications in electrical, optical, and magnetic components on the nanoscale. Tobacco mosaic virus 
(TMV) is known to form long fibers with the assistance of aniline polymerization. The morphology of these 
fibers can be controlled by changing the pH of the reaction, modifying the TMV coat protein prior to 
polymerization or with the addition of other reagents. These changes are monitored by a combination of 
TEM, AFM, UV-Vis, conductivity tests and x-ray scattering studies.  

 
COLL 430  

Fabrication of nanostructured biomimetic interfaces  

Devesh Srivastava1, Neeraj Kohli1, Mark Worden2, and Ilsoon Lee1. (1) Department of Chemical 
Engineering and Materials Science, Michigan State University, 2527 Engineering Building, East Lansing, 
MI 48823, srivas16@msu.edu, (2) Chemical Engineering Department, Michigan State University  

Functional particles at nanoscale represent an area of great research interest. Nanosized materials offer 
the potential for extremely high surface area to volume ratio, thus allowing immobilization of large 
amounts of biomolecules per unit projected area, which is critical in field of biosensors and biocatalysis. 
Carbon nanoparticles, such as carbon nanotubes (CNTs), and exfoliated graphite nanoplatelets (xGnPs), 
provide high conductivity and surface area without excessive diffusional resistance. Nanoparticles are 
conventionally dispersed using ultrasonication but study of dispersion of nanoparticles into various 
solvents will also be done using a nanomixer from Primix Corporation, Japan. Due to the enhanced high 
shear forces, the dispersed nanomaterials have superior stability in solvents. We also try to exploit redox 
capabilities of enzymes to generate an electric signal which can be interpreted as analogous to presence 
of a certain analyte of interest. One of the self assembly techniques to immobilize enzymes and 
nanostructures onto the electrodes is layer-by-layer deposition, commonly abbreviated as LBL deposition 
technique.  

 
COLL 431  

Polyelectrolyte multilayers controlling fibronectin and A7r5 cytoskeletal rearrangements  

Maroun D. Moussallem1, Joseph B. Schlenoff1, Scott G. Olenych2, and Thomas C. S. Keller3. (1) 
Department of Chemistry and Biochemistry, Center for Materials Research and Technology (MARTECH), 
The Florida State University, Tallahassee, FL 32306, daoud@chem.fsu.edu, (2) National High Magnetic 
Field Laboratory, The Florida State University, (3) Department of Biological Sciences, The Florida State 
University  

Polyelectrolyte multilayer thin films (PEMUs) were used as a coating to influence the interactions of A7r5 
cells with the underlying substrate, thus modulating the cellular and the extra cellular matrix (ECM) 
proteins behavior. The investigation consisted of determining the amount of the ECM adhesion protein 
Fibronectin (FN) that bound to different PEMUs using optical waveguide lightmode spectroscopy and 
immunofluorescence microscopy. The results showed that FN bound poorly to hydrophilic PEMUs 
containing a zwitterionic copolymer. FN bound best to poly(allylamine hydrochloride) (PAH) terminated 
and Nafion terminated PEMUs. A7r5 cells spread less and were more motile on PAH terminated surfaces; 
they spread more and were not motile on nafion terminated PEMUs. Cells cultured on micropatterned 
films preferred nafion over the zwitterionic surface, FN selectively attached to nafion also. Pre-coating the 
surfaces with FN decreased cell motility and increased cell attachment on PAH terminated multilayers, no 
effect was noticed for Nafion terminated surfaces.  



 
COLL 432  

Self-assembled monolayers of poly(ethylene glycol) silane as resists for electron beam 
lithography  

Bo Gao1, Gary Bernstein2, and Marya Lieberman1. (1) Department of Chemistry and Biochemistry, 
University of Notre Dame, Notre Dame, IN 46556, bgao@nd.edu, (2) Department of Electrical 
Engineering, University of Notre Dame  

Self-assembled monolayers (SAMs) of 2-[methoxypoly(ethyleneoxy)propyl]-trimethoxysilane (Si-PEG) 
have been used to reduce nonspecific binding of biomolecules on SiO2. We have found that Si-PEG 
SAMs act as a very thin self-developing resist for ultra high resolution electron beam lithography(EBL). 
The patterns and feature sizes formed at various electron doses were studied by atomic force microscopy 
(AFM). PEG SAMs can be used as positive resists on SiO2 surfaces with electron beam doses 
comparable to poly(methylmethacrylate). Regions that are exposed to the electron beam at low doses 
form trenches 20-30nm wide and a few Angstroms deep. Biomolecules that bound to anionic surfaces 
also bind selectively to the trenches(10:1 selectivity for Cowpea Mosaic virus). Such monolayers are 
attractive candidates for nanobiotechnology because they can provide both nanoscale templates for 
biomolecule patterning and reduced nonspecific binding to the background.  

 
COLL 433  

Surface properties and interactions between charged polymer brushes: Effects of charges and 
electrostatic screening  

Benoît Liberelle, Department of Chemistry, Université de Montréal, 2900, Edouard Montpetit, Montréal, 
QC H3T 1J4, Canada, Fax: 514-340-5290, benoit.liberelle@umontreal.ca, and Suzanne Giasson, 
Department of Chemistry, University of Montreal  

End-grafted charged polymers (polymer brushes) are widely used to control and modify surface 
properties such as adhesion, lubricity and biocompatibility. The interactions between two opposing and 
moving surfaces bearing charged polymer brushes have been extensively investigated by several groups. 
However, correlations between molecular properties of charged brushes (degree of ionization, molecular 
weight, surface grafting density) and their behaviour (interpenetration and adhesion upon compression, 
shear response) under electrostatic screening effect have not yet been fully established. To determine 
such correlations, it is essential to control the grafting density and to ensure that the density does not 
change upon variations in environmental conditions (pH, ionic strength, compression, shearing). We 
irreversibly attached diblock copolymers (PAA-b-PS) on modified mica surfaces at a controlled surface 
density. The interactions between charged copolymers-coated surfaces measured using Surface Forces 
Apparatus under different environmental conditions (ionic strengths, pH) at fixed surface densities are 
presented and compared with theory.  

 
COLL 434  

The growth of individual particles in clouding process  

Hanbin Mao, Paul Luchette, and Nebiyu Abiy, Chemistry, Kent State University, 038 SRL, KSU 
Chemistry, Kent, OH 44242, hmao@kent.edu  



LCST (lower critical solution temperature) processes have been investigated using a laser tweezers 
instrument equipped with a position sensitive photodetector (PSD). The growth of individual particles in 
systems as diverse as triethylamine (TEA, a small molecule), poly(N-isopropylacrylamide) (PNIPAM, a 
polymer), and protein elastin, has been studied to reveal the progress of clouding processes. Compared 
to widely used approaches such as UV-Vis determination of LCST, our methods have shown an 
improvement of at least 2 orders of magnitude in detection limit. The levitation of particle by laser 
tweezers creates a wall-less environment to prevent surface effects. In addition, it avoids gravity 
implications that interfere with bulk investigations on the clouding transition.  

 
COLL 435  

Volumetric interpretation of competitive protein adsorption to sepharose  

Hyeran Noh, 105 Steidle Bldg, Pennsylvania State University, State College, PA 16801, 
hun105@psu.edu  

A Vroman-like exchange of different proteins adsorbing from a concentrated mixture to the same 
hydrophobic adsorbent surface is shown to arise naturally from the selective pressure imposed by a fixed 
interfacial-concentration capacity (w/v, mg/mL) for which protein molecules compete. A size (molecular 
weight, ) discrimination results because fewer large proteins are required to accumulate an interfacial w/v 
concentration equal to smaller proteins. Hence, the surface region becomes dominated by smaller 
proteins on a number-or-mole basis through a purely-physical process that is essentially unrelated to 
protein biochemistry. Under certain conditions, this size discrimination can be amplified by the natural 
variation in protein-adsorption avidity (quantified by partition coefficients P) because smaller proteins ( 
<50 kDa) have been found to exhibit characteristically-higher p than larger proteins ( >50 kDa). The 
standard depletion method is implemented to measure protein-adsorption competition between two 
different test proteins (i and j ) for the same hydrophobic octyl sepharose adsorbent particles. SDS-gel 
electrophoresis is used as a multiplexing, separation-and-quantification tool for this purpose. Identical 
results obtained using sequential and simultaneous competition of human immunoglobulin G (IgG, protein 
j) with human serum albumin (HSA, protein i) demonstrates that HSA was not irreversibly adsorbed to 
octyl sepharose over a broad range of competing solution concentrations. A clearly-observed exchange 
of HSA for IgG or fibrinogen (Fib) shows that adsorption of different proteins (i competing with j ) to the 
same hydrophobic surface is coupled whereas adsorption among identical proteins (i or j adsorbing from 
purified solution) is not coupled. Interpretive theory shows that this adsorption coupling is due to 
competition for the fixed surface capacity. Theory is extended to hypothetical ternary mixtures using a 
computational experiment that illustrates the profound impact size-discrimination has on adsorption from 
complex mixtures such as blood.  

 
COLL 436  

Electron transfer of myoglobin entrapped in polyethylene glycol diacrylate hydro gel formed by 
photo polymerization  

Amos Mugweru, Chemistry, Rowan University, 201 Mullica Hill Rd, Glassboro, NJ 08028, Fax: 856-256-
4478, mugweru@rowan.edu  

Electrodes were found exchange electrons with myoglobin molecules entrapped in biocompatible poly-
ethylene glycol diacrylate (PEG-DA) macromolecular networks. Myoglobin molecules were entrapped in 
hydro gels using photo polymerization and were shown to retain their electro-activity. The PEG-DA hydro 
gel acted to link enzyme with the electrode and at the same time provide an ideal three-dimensional, 
aqueous in vivo-like surrounding for maximum activity of the enzyme. The formal potentials were linearly 
dependent on solution pH indicating that that the electron transfer process was proton-coupled in the 



medium. The catalytic activity of this enzyme in this medium was evaluated in acetate buffer pH 5.5. The 
catalytic activity in this new medium was compared with the catalytic activity when the molecule is in 
layered films.  

 
COLL 437  

Azobenzene polyelectrolytes for photoreversible bioactive surfaces  

Christopher J. Barrett, Department of Chemistry, McGill University, 801 Sherbrooke St. West, Montreal, 
QC H3A 2K6, Canada, Fax: 514-398-3797, chris.barrett@mcgill.ca  

This talk will describe our recent physical and optical studies of multilayer thin films of novel 
polyelectrolytes which incorporate light-responsive azobenzene. These azo-polyelectrolytes are 
interesting as they have the capability to be both addressed with lasers as photo-responsive materials 
(useful for bio-active surfaces and sensing), and can be self-assembled into structures on the molecular 
lengthscale in an aqueous environment, using the + and - ionic groups as building blocks. We have 
prepared such materials as homopolymers, statistical copolymers, and block copolymers, each with a 
unique suite of photo-controlled properties. Optical, bulk, and surface properties can be interrelated in 
these materials, allowing studies both of how light can be used to gather new information about surfaces 
and self-assembled structures, and also how light can be used to influence surface and structural 
properties. Biocompatible materials which can change their surface energy will be shown, as applied to 
directed growth of neural cells.  

 
COLL 438  

Aerosol-based processing as an approach to nanoparticle surface functionalization  

Jeffrey T. Roberts, Department of Chemistry, University of Minnesota, 207 Pleasant St. SE, Minneapolis, 
MN 55455, Fax: 612-626-8659, roberts@chem.umn.edu, and Jason Holm, Department of Mechanical 
Engineering, University of Minnesota  

Organic monolayers derived from amines, alkenes, and alkynes were deposited by adsorption from the 
gas phase onto silicon nanocrystals. The results describe an aerosol-based approach for manipulating 
and controlling interfacial properties in nanoparticles that have materials applications. Free-flowing 
streams of silicon nanocrystals were extracted from a plasma synthesis chamber into an atmospheric 
pressure flow tube reactor. The streams were sent first through a differential mobility analyzer (DMA) for 
size selection, and then through a reaction zone, which was a heated copper tube with a valve for the 
precursor introduction. The reaction zone was designed for flexibility, with variable temperature, particle 
residence time, and gas-phase composition. Particles were analyzed in three ways: (1) for size changes, 
with a second DMA capable of measuring diameter changes as small as 1%, (2) for morphological 
changes, using transmission electron microscopy, and (3) for functional groups, using infrared 
spectroscopy and time-of-flight secondary ion mass spectrometry.  

 
COLL 439  

Synthesis of novel materials for 3-D nanostructured assemblies  

Dr. Swapna Pradhan-Kadam and Dr. Ulrich Jonas, Materials Science, Max-Planck Institute for Polymer 
Research, Ackermannweg 10, Mainz 55128, Germany, Fax: 0049-6131-379100, pradhan@mpip-
mainz.mpg.de  



Micro and nano fabrication is essential for modern science and technology. [1] There are many 
opportunities that might be realized by ability to generate small structures or downsizing existing 
structures. Patterning required in fabrication is usually carried out with photolithography and microcontact 
printing. [2]  

We report synthesis of novel materials for 3D micro and nano architectures. For this purpose we explored 
the possibility of using soft lithography for generating micropatterns of self-assembled monolayers (SAMs) 
[3] by contact printing.  

Efforts are being made to use photolithography, which involves photo patterning of a light sensitive silane 
monolayer by irradiation through a mask at 365 nm using mask aligner.Silanes synthesized and used in 
this work are CH3-Nvoc silanes with NH2, COOH and OH terminated functionalities. The micro contact 
printed SAM's were characterized by SPM.  

References:  

[1] Y. Xia, G. Whitesides, Angew. Chem. Int. Ed., 1998, 37, 550 – 575. [2] N. Kohli, P. R. Dvornic, S. N. 
Kaganove, R. M. Worden, I. Lee, Macromol. Rapid. Commun, 2004, 25, 935-941. [3] A. Del Campo, D. 
Boos, H. W. Spiess, U. Jonas, Angew. Chem. Int. Ed., 2005, 44, 4707– 4712.  

 

 
COLL 440  

Convectional, sedimentation and drying dissipative patterns of colloidal dispersions and 
solutions  

Tsuneo Okubo, Cooperative Research Center, Yamagata University, Johnan 4-3-16, Yonezawa 992-
8510, Japan, Fax: +81-238-26-3602, okubo@yz.yamagata-u.ac.jp  

Convectional, sedimentation and drying dissipative patterns formed on a cover glass, glass dish, watch 
glass and others were studied for colloidal suspensions and solutions of simple solutes and polymers 
especially in aqueous media[1-5]. Macroscopic and microscopic patterns appeared reflecting shape and 
flexibility of the solutes. Importance of the gravitational and Marangoni convections were clarified for the 
pattern formation. Kinetics aspects of the pattern formation were also studied in detail. References: 
(1)T.Okubo, Colloid Polymer Sci., in press. (2)T. Okubo et al., Colloid Polymer Sci., 283,1 (2004). 
(3)(a)T.Okubo, Colloid Polymer Sci., 284,1191 (2006); (b)T. Okubo, ibid., 284,1395 (2006). (4)(a)T.Okubo 
et al., Colloid Polymer Sci., 280,454,1001 (2002); ibid. 282,230,486 (2004); ibid. 283,1,898,1007,1123 
(2005); ibid. 284,372(2006); (b)T.Okubo et al., Langmuir, 21,9889 (2005). (5)T.Okubo, Colloids Surfaces 
B: Biointerfaces, in press.  

 
COLL 441  

Fabrication of shape-controlled multivalent particles via interference lithography  



Ji-Hyun Jang, Chaitanya Ullal, Steve Kooi, CheongYang Koh, and Edwin L. Thomas, Institute for Soldier 
Nanotechnologies and Department of Materials Science and Engineering, Massachusetts Institute of 
Technology, Cambridge, MA 02139, Fax: 1-617-258-6135, clau@mit.edu  

We present a new route for the fabrication of complex multivalent submicron particles. This technique 
exploits the ability of Holographic Interference Lithography to control geometrical elements such as 
symmetry and volume fraction in 3D lattices on the submicron scale. Colloidal particles with prescribed 
complex shape are obtained by cleaving low volume fraction connected structures fabricated by 
interference lithography. Controlling the space group of the parent structure targets specific “valencies” of 
the particles. 2D “four-valent” particles and 3D “six-valent” particles with highly non-convex shape are 
fabricated via this technique. In addition to being able to control particle shape, this technique has the 
potential to provide tight control over size, yield and dispersity.  

 
COLL 442  

Functional nanostructures by wet chemistry: A tool to ordered 1- and 3-D structures  

Miguel E. Castro1, Roberto Irizarry2, and Lidiany Gonzalez1. (1) Department of Chemistry, The University 
of Puerto Rico at Mayaguez, Chemical Imaging Center and Center for Chemical Sensor Development, 
Mayaguez, PR 00681, Fax: 7872653849, mcastro@uprm.edu, (2) Dupont Electronics Technologies, 
Research Triangle Park, North Carolina  

There is a tremendous interest in the use of wet chemical approaches for the fabrication of 
nanostructures. Functional nanostructures can result from ordered nanostructures. For example, one 
dimensional ordered structures find applications as nanowires while three-dimensional ordered structures 
may be used as tubes or spheres. Physical methods to order structures are time consuming and require 
the development of complex methodology per preparation steps. Wet chemical approaches methods are 
a promising tool to the mass production of functional nanostructures. We present here on two approaches 
to obtain ordered functional nanostructures. One method is based on the use of hydrogen bonding 
interactions to drive one dimensional order in silver-thiol based materials. The second approach takes 
advantage of the short and long range electrostatic interactions in electrolyte solutions for the synthesis of 
ordered hollow spheres. Wet SEM analysis establishes that the electrostatic interactions among the 
electrolytes bring 3-dimensional order to the structures present in solution. The power of using hydrogen 
bonding and salts to drive ordered one- and three- dimensional structures in solution will be discussed.  

 

 
COLL 443  

Synthesis of high-quality II-VI nanocrystals without precursor injection  

Y. Charles Cao, Department of Chemistry, University of Florida, 340 Leigh Hall, Gainesville, FL 32611, 
Fax: 352-392-0588, cao@chem.ufl.edu  



With the growing interest in applications based on nanoscale materials comes a need for industrial-scale 
synthesis of colloidal semiconductor nanocrystals with uniform size and shape, and well-confined surface 
passivation. To date, the most successful and widely used nanocrystal synthesis relies on rapid precursor 
injection. However, because of the difficulty of precursor injection, it is difficult to scale up such a 
synthesis for making nanocrystals in large quantities (e.g., tens to hundreds of kilograms). Herein, we 
report a new synthesis method for producing high-quality II-VI nanocrystals (eg. CdS and CdSe) without 
precursor injection. This non-injection synthesis allows a detailed control of nanocrystal size and shape. 
In addition, because it exhibits easily controllable nanocrystal growth kinetics, such a synthesis is very 
important for large-scale industrial preparation of II-VI nanocrystals, where the rates of heating and 
cooling reaction solutions are limited in the synthesis systems.  

 
COLL 444  

Hydrodynamic focusing-based nanoreactor for preparation of morphology-controlled and mono-
dispersed nanoparticles  

Karla K Coti, Department of Chemistry and Biochemistry, University of California, Los Angeles, 607 
Charles E. Young Drive East, Los Angeles, CA 90095, coti@chem.ucla.edu, Weixing Lu, Department of 
Molecular and Medical Pharmacology, University of California, Los Angeles, Yanju Wang, Department of 
Chemistry and Biochemistry, California State University of Los Angeles, Hsian-Rong Tseng, Crump 
Institute for Molecular Imaging and Department of Molecular and Medical Pharmacology, David Geffen 
School of Medicine at UCLA, Matthias Selke, Department of Chemistry and Biochemistry, California State 
University at Los Angeles, and J. Fraser Stoddart, Department of Chemistry and Biochemistry, University 
of California Los Angeles UCLA and California NanoSystems Institute  

It remains a great challenge to prepare nanoparticles with precise and simultaneous control of their 
morphology, size and polydispersity by conventional synthetic protocols, which utilize macroscopic 
reactors.  It is unlikely to achieve homogeneous reaction conditions as well as distinct separation between 
the nucleation and growth processes in such macroscopic reaction environments. In this presentation, we 
will show the development of a new platform for producing morphology-controlled polymer nanoparticles 
and fundamental understanding of the formation processes of nanoparticles.  The idea is to create an 
open dynamic system based on hydrodynamic focusing microfluidics, which provides a promising solution 
to address the challenges – namely, (i) localized concentration and temperature gradients associated with 
poor mixing efficiency and (ii) inability to separate and control the nucleation and growth stages during the 
particle formation processes. We have developed a hydrodynamic focusing-based nanoreator to achieve 
ultra-fast mixing leading to great homogeneity in reaction concentration and temperature and employed a 
continuous-flow nanoscale focused beam to separate the nucleation and growth processes (Box). A 
proof-of-concept study was demonstrated, where conducting polymer (CP) nanoparticles with tunable 
dimensionalities ranging from 20 to 200 nm were produced by performing hydrodynamic mixing in the 
devices. This newly developed platform provides great opportunities not only on preparing mono-
dispersed nanoparticles but also to study many important liquid-phase and biological reactions. 

 

                  



   

 
COLL 445  

Preparation, physico-chemical characterisation and applications of colloidal microgel particles  

Martin J. Snowden, School of Science, University of Greenwich, Medway Campus, Chatham Maritime, 
Kent ME4 4TB, United Kingdom, Fax: (44) 208 331 8305, m.j.snowden@gre.ac.uk  

Colloidal microgel particles may be prepared by an emulsion polymerisation technique. It is often 
advantageous to prepare microgels from two or more monomers to confer different physico-chemical 
properties. The distribution of one monomer relative to another within a microgel structure may be 
determined by neutron scattering. Data will be presented for the distribution of butyl acrylate and N-
isopropylacrylamide in a co-polymer microgel prepared from the two monomers. Further for a co-polymer 
of N-isopropylacrylamide and vinyl pyridine, Raman spectroscopy has been used to determine the 
concentration of vinyl pyridine in the microgel particles. The concentration of a given monomer in a 
microgel is often different to the starting concentration in the reaction mixture due to different reactivity 
ratios. Data will be shown that co-polymer microgels offer potential for drug delivery and the distribution 
and ratio of the two monomers can have a profound effect on their capacity to deliver drug molecules.  

 
COLL 446  

Synthesis, passivation and stabilization of nanorods and nanowires by microwave irradiation  

Asit B. Panda, Garry P Glaspell II, and M. Samy El-Shall, Department of Chemistry, Virginia 
Commonwealth University, 1001 W. Main Street, Richmond, VA 23284-2006, Fax: 804-828-8599, 
panda@bgumail.bgu.ac.il, selshall@hsc.vcu.edu  

The rapid production, characterization and spectral properties of highly uniform nanorods and nanowires 
of the semiconductors ZnS, ZnSe, CdS, CdSe, the ZnxCd1-xS alloyed nanocrystals, and the rare earth 
oxides (M2O3, M= Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho and Er) will be presented. The method developed, 
based on microwave irradiation (MWI), allows the control of the size and shape of the rare earth oxide 
nanostructures by varying the MWI reaction time and the relative concentrations of the organic 
surfactants. For the ZnxCd1-xS alloyed nanocrystals, a composition-dependent shape change from long 
parallel wires (>350nm) to short (20-45 nm) single, bi, tri and tetra armed rods, was observed. The 
uniformity of the rods and of the wires is demonstrated in their spontaneous assembly into highly ordered 
2D supercrystals. The MWI method provides a unique opportunity for the large-scale synthesis of rare 
earth nanostructures without suffering thermal gradient effects.  

 
COLL 447  

Using particle lithography to form nanopatterns of n-alkylsilanes: The role of surface hydrolysis  

Jayne C. Garno and Jie-Ren Li, Department of Chemistry, Louisiana State University, 232 Choppin Hall, 
Baton Rouge, LA 70803, Fax: 225-578-3458, jgarno@lsu.edu  

We are developing a new lithography using monodisperse spheres as nanoscale masks for vapor 
deposition of n-alkylsilanes. Particle lithography provides advantages of high throughput and 
reproducibility to fabricate periodic arrays of nanostructures. Exquisitely patterned surfaces of rings or 
nanoporous films can be prepared using simple chemistry procedures such as centrifugation, heating and 



drying. Patterns of n-alkylsilanes attach covalently to the substrate (glass, mica(0001) or silicon wafers) 
and reflect the long-range order and periodicity of the colloidal crystal masks. Surface chemistry can be 
controlled at the nanoscale by choosing silanes with defined functionalities. The periodicity of alkylsilane 
nanostructures can be tuned by choosing different diameters of nanoparticle templates. Drying intervals 
are used for nanoscale control of the water present on surfaces, which directs the sites for the hydrolysis 
of silanes. Topographic AFM images display different geometries for nanostructures, depending on the 
length of drying the silica/latex masks (figure).  

 

 
COLL 448  

Model studies of BaO/Al2O3 NOx storage materials  

Charles H. F. Peden, Cheol Woo Yi, Emrah Ozensoy, and Janos Szanyi, 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  

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 
catalyst materials. In recent studies of realistic Al2O3-supported BaO-based materials, we identified the 
nature of NOx species formed 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 have also determined how the morphology of the Ba-containing phase changes during the 
catalyst activation, NO2 uptake/NOx release cycles, and how water, a major component of the exhaust 
gas mixture, effects this morphology. Although the real catalytic systems have been studied extensively 
during the last decade, model systems that allow understanding of the basic processes on the atomic 
level have attracted much less attention. In our laboratory we have been performing model studies of the 
structural and chemical properties of BaO deposited onto very thin Al2O3 films grown on NiAl single 
crystal substrates, using primarily TPD, reflection absorption infrared spectroscopy (RAIRS) and XPS. 
The results obtained on these model systems will be compared to those obtained from high surface area 
BaO/γ-Al2O3 NOx storage materials.  

 
COLL 449  

The interaction of H2O and NO2 with thin MgO(100) films grown on Ag(100) as studied with 
ambient pressure photoemission spectroscopy  

David E Starr1, Christoph D. Weiss2, Susumu Yamamoto3, 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  



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 results relating to the degree of hydroxylation and uptake of H2O on MgO(100) thin films 
grown on Ag(100) at room temperature and up to 1 torr of H2O pressure. Furthr, we have studied the 
influence of film thickness on the reactivity of the MgO(100) film using NO2 as a probe molecule. Our 
measurements show that films with thicknesses greater than 5 monolayers behave similar in nature to 
bulk MgO.  

 
COLL 450  

CO adsorption on the model catalyst Pd/CeO2-x(111)  

Geoff Thornton, London Centre for Nanotechnology and Chemistry Department, UCL, 20 Gordon Street, 
London WCiH 0AJ, United Kingdom, g.thornton@ucl.ac.uk  

Single crystal CeOx is an important model for a potential automobile catalyst support. Here we create 
ultrathin CeO2-x(111) films on Pt(111) and Rh(111) with controlled stoichiometry. X-ray photoelectron 
spectroscopy (XPS) is used to follow the average oxidation state of Ce and to examine the effect of Pd 
growth on the ultrathin films and subsequent CO adsorption. For stoichiometries more O rich than CeO1.8, 
Pd reduces the film, although below this stoichiometry charge is transferred between the thin film and Pd. 
This is probably a result of Pd growth on areas of the surface that are Ce2O3(0001). CO adsorbs only in 
the presence of Pd, independent of the stoichiometry of the original film, and without changing the 
stoichiometry. Reflection absorption infrared spectroscopy (RAIRS) has also been used to investigate the 
adsorption of CO on CeO2-x-supported Pd nanoparticles at room temperature. The results show that when 
CeO2-x is initially grown on Pt(111), a small proportion of the surface remains as bare Pt sites. However, 
when Pd is deposited onto CeO2-x/Pt(111), most of the Pd grows directly on top of the CeO2-x(111). 
RAIRS spectra of CO adsorption on 1ML Pd/CeO2-x/Pt(111) show a broad CO–Pd band, which is 
inconsistent with a single crystal Pd surface. However, the 5 ML and 10 ML Pd/CeO2-x/Pt(111) spectra 
show vibrational bands consistent with the presence of Pd(111) and (100) faces, suggesting the growth of 
Pd nanostructures with well defined facets.  

 
COLL 451  

Water-gas shift reaction on Cu and Au nanoparticles supported on CeO2 and ZnO: Intrinsic 
activity and importance of support interactions  

Jose A. Rodriguez1, Xianqin Wang2, Ping Liu3, Jonathan C. Hanson4, and Jan Hrbek1. (1) Department of 
Chemistry, Brookhaven National Laboratory, Upton, NY 11973, Fax: 631-344-2246, rodrigez@bnl.gov, 
(2) Depatment of Chemistry, Brookhaven National Laboratory, (3) Chemistry Department, Brookhaven 
National Laboratory, (4) Chemistry Department, Brookhaven National Laboratory  

Synchrotron-based techniques (high-resolution photoemission, in-situ X-ray absorption spectroscopy, and 
time-resolved X-ray diffraction) have been used to study the water-gas shift (WGS, CO + H2O --> H2 + 
CO2) reaction on a series catalysts. Au and Cu nanoparticles supported on CeO2(111) display an 
extraordinary catalytic activity for the WGS reaction that is not seen on a ZnO(000î) support or for the bulk 
metal. The behaviour of Au/ceria in the WGS illustrates the essential role that an oxide can have for the 



activity of supported Au nanocatalysts. In-situ time-resolved x-ray diffraction and x-ray absorption 
spectroscopy were used to monitor the behavior of nanostructured {Au+AuOx}-CeO2 catalysts under the 
WGS reaction. At temperatures above 250 C, a complete AuOx-->Au transformation was observed with 
high catalytic activity. The active sites in {Au + AuOx}/ceria catalysts involve pure gold nanoparticles in 
contact with O vacancies of the oxide support.  

 
COLL 452  

Novel catalytic phenomena and mechanisms for formic acid decomposition on TiO2(110) and NO 
reduction on Co2/Al2O3(110)  

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 paper presents new phenomenon and understanding of acid-base catalysis, unlike the conventional 
acid-base concept, for catalytic formic acid decomposition on TiO2(110) and a novel mechanism, different 
from the Langmuir-Hinshelwood and Eley-Rideal mechanisms, for catalytic NO-CO reaction on 
Co2/Al2O3(110). A key issue of developing catalytic technologies is to understand site-specific surface 
dynamic processes of adsorbed molecules and reaction intermediates in an atomic scale to find atom-
resolved structure-activity relationship. The decisive role of oxygen defects in formic acid dehydration and 
the mechanism of switchover of the reaction paths from the dehydration to the dehydrogenation on a 
TiO2(110) surface are elucidated by STM observations and DFT calculations. A new reaction mechanism 
different from the LH and ER mechanisms for NO reduction on a Co2/Al2O3(110) surface with gas phase 
CO molecules is presented on the basis of FT-IR and DFT.  

 
COLL 453  

Sintering of supported metal particles: Au on TiO2(110)  

Stephen C. Parker, Department of Physics and Astronomy, Carleton College, Northfield, MN 55057, 
sparker@carleton.edu, and Charles T. Campbell, Department of Chemistry, University of Washington  

Sintering of nanoscale-sized metal particles on oxide supports has been theoretically modeled and 
experimentally measured for gold supported on titanium dioxide.  Au is vapour-deposited onto a 
TiO2(110) surface under ultra-high vacuum (UHV) conditions and characterized using X-Ray 
Photoelectron Spectroscopy (XPS) and Low Energy Ion Scattering (LEIS).  Experimental measurements 
of the particle sintering are performed using Temperature-Programmed Low Energy Ion Scattering (TP-
LEIS), a technique designed to collect information about the topmost layer of the surface during a linear 
temperature ramp.  This technique works well to investigate the very broad range of temperatures (which 
is analogous to a broad time scale) over which the particles sinter.  Microcalorimetry measurements have 
shown that metal particles smaller than ~6nm have much higher surface free energies than large 
particles.  Incorporating this result into a sintering model (which is based on work done by Wynblatt and 
Gjostein1 but correcting several limitations of the model that are incorrect for particles of small size) and 
using a modified bond-additivity (MBA) model to better estimate particle size energetics, the broad range 
of temperatures over which the catalysts sinter can be theoretically reproduced.  This technique has also 
been used to model the long time-scale isothermal sintering of a catalyst.  Particle distributions as a 
function of time using the MBA model are contrasted with models that assume a surface free energy 
independent of particle size.    

1Wynblatt, P. and Gjostein, N. A., Supported metal crystallites, in Progress in Solid State Chemistry, 
edited by McCaldin, J. O. and Somorjai, G. A., (Oxford, 1975), Vol. 9, p. 21.  



   

 
COLL 454  

Reactivity of Pd-O surface phases  

J. Wang1, Y-R. Yen1, and E. I. Altman2. (1) Department of Physics, Yale University, jun.wang@yale.edu, 
(2) Department of Chemical Engineering, Yale University, Fax: 203-432-9647, eric.altman@yale.edu  

Palladium-based materials have become the catalysts of choice for catalytic combustion. Still, even the 
most basic issues such as whether Pd oxide surfaces are more reactive than chemisorbed oxygen on 
metallic Pd are still a matter of debate. Catalytic studies have suggested that the oxide is more reactive 
while surface science studies have supported the opposite conclusion. We have found that Pd oxidation 
is a complex process proceeding through a number of surface phases including adsorbed oxygen, sub-
surface oxygen, and surface oxides before a bulk oxide forms. We find that the surface oxides have much 
lower sticking coefficients for CO and propene leading to lower reactivities. On the other hand, once the 
hydrocarbons adsorb, the surface oxides favor a low activation energy, direct oxidation pathway rather 
than decomposition and oxidation of the fragments as favored on the metal surface. Exposure of the well-
ordered surface oxides to atomic oxygen leads to poorly ordered bulk PdO. This PdO readily adsorbs 
propene while also favoring the direct oxidation pathway, although with a higher activation energy. As a 
result, the poorly ordered bulk PdO is far more reactive than the surface oxides. Ion scattering data 
indicate that the higher reactivity of the PdO is not due to greater accessibility of active Pd sites on the 
surface. To determine if the reactivity difference is due to the interaction of the surface oxide with the 
underlying Pd versus the lack of structural order in the PdO, we are working on growing highly ordered 
epitaxial PdO thin films.  

 
COLL 455  

Bridging material and pressure gaps in heterogeneous catalysis by using environmental-HRTEM  

Suzanne Giorgio, Martiane Cabié, and Claude R. Henry, CRMCN-CNRS, Campus de Luminy, Case 913, 
13288 Marseille cedex 09, France, Fax: (33)-491-41-8916, giorgio@crmcn.univ-mrs.fr, 
henry@crmcn.univ-mrs.fr  

We have used a 300kV Jeol high resolution TEM equiped with a closed environmental cell to study in situ 
the shape and structure evolutions of metal nanoparticles under reactive environments at a pressure up 
to 10 mbar and a temperature from RT to 350°C. Due to the small volume of the cell it is possible to 
measure a catalytic reaction rate by a differentially pumped mass spectrometer. We will present the 
shape evolution of Au and Pd nanoparticles supported on carbon films and Titania powders during cycles 
of H2/O2 treatments. The shape changes are analyzed following the concept of equilibrium shape. Clean 
particles under vacuum or Hydrogen present a truncated octahedron shape. Gold particles are reversibly 
rounded under oxygen while Pd particles flatten. First results on the structural evolution of Au and Pd 
particles during CO oxidation will be also presented.  

 
COLL 456  

Tribology of interfacial water under nanometer level confinement  

J. E. Houston, Surface and Interface Sciences Department, Sandia National Laboratories, PO Box 5800, 
Albuquerque, NM 87185-1415, Fax: 505-844-5470, jehoust@sandia.gov  



Interfacial water is important to a wide range of surface processes, including protein folding, the stability 
of colloid suspensions, enzyme activity and swelling in clays. In this presentation, the results of several 
studies are discussed concerning the tribological behavior of water under nanometer-level confinement 
between surfaces functionalized to various levels of hydrophilicity. The studies utilize Interfacial Force 
Microscopy (IFM) and involve measurements of both the normal and frictional forces as a function of 
interfacial separation. The results indicate that under bulk water, or even at low humidity, the forces are 
characteristic of a surprisingly viscous interfacial-water region having a combined thickness of several 
nm. These results are supported by similar findings using different probing methods and involving several 
interfacial combinations. Sandia is a multiprogram laboratory operated by Sandia Corporation, a 
Lockheed Martin Company, for the United States Department of Energy's National Nuclear Security 
Administration under Contract DE-AC04-94AL85000.  

 
COLL 457  

Processes at metal/electrolyte interfaces: Influence of surface structure  

Klaus Wandelt, Institute of Physical and Theoretical Chemistry, University of Bonn, Wegelerstr. 12, Bonn 
D-53115, Germany, Fax: +49-228-732515, k.wandelt@uni-bonn.de  

The understanding of processes at metal/electrolyte interfaces such as electrocatalysis, film growth, 
corrosion etc. requires detailed information about the structure of the solid surface, if possible on the 
atomic scale. Nowadays this information is available from in-situ ElectroChemical Scanning Tunneling 
Microscopy (EC-STM) with great precision. A serious restriction of EC-STM data, however at least at 
present, is the lack of chemical information with the same resolution. In cases of strictly periodic surface 
structures this can be compensated for by non-local spectroscopic techniques such as e.g. in-situ Fourier 
Transform Infrared Spectroscopy (FTIR) or ex-situ X-Ray Photoelectron Spectroscopy (XPS). In this 
lecture the importance of combining high precision structural information with spectroscopic data will be 
highlighted with various examples such as electrochemical atomic layer epitaxy, organic film growth and 
electrocatalysis on bimetallic surfaces.  

 
COLL 458  

Single particles and extended surface measurements  

Ulrich Stimming, Department of Physics E19, TU-Muenchen, James-Franck-Str. 1, Garching 85748, 
Germany, Fax: +49-89-28912530, stimming@ph.tum.de  

The reactivity of extended surfaces has been well investigated but there are still unexplored aspects 
involved in the reactivity of nanoparticle surfaces. Instead of measuring the average properties of 
particles present on the surface, a STM tip is used as a local sensor to detect the local reactivity of 
nanoparticles. It can be shown that the catalytic activity may increase strongly with decreasing particle 
size. The detailed morphology and structure of nanostructed surfaces and also the particle – substrate 
interaction are decisive for a better understanding of the structure reactivity relationship and an important 
factor to develop high activity catalysts for interfacial reactions.  



 

 
COLL 459  

In-situ characterization of temperature controlled electrified solid-liquid interfaces  

Vojislav Stamenkovic1, Christopher A. Lucas2, Dusan Tripkovic1, Dusan Strmcnik1, Kee-Chul Chang1, 
Hoydoo You1, and Nenad Markovic1. (1) Materials Science Division, Argonne National Laboratory, 9700 
S. Cass Ave., Argonne, IL 60439, vrstamenkovic@anl.gov, (2) University of Liverpool  

At the room temperature, information regarding reversible restructuring of Pt-group and IB group metals 
in an electrochemical environment is obtained from SXS and STM/FITR studies, in which the atomic 
structure at the surface is monitored as a function of electrode potential. The classical example of such 
potential-induced restructuring of surface atoms at room temperature is the occurrence of a hexagonal 
reconstruction on the Au(100) surface at negative electrode charge. An interesting aspect of the Au(100) 
surface reconstruction concerns the dynamics of its potential-induced formation and removal; especially 
since the square planar-hexagonal transition involves a marked (ca. 23%) increase in gold atomic 
density, necessitating long-range metal mass transport.  

 
COLL 460  

What we (I) don't understand about the Tafel slope in electrocatalysis  

Marc TM Koper, Leiden Institute of Chemistry, Leiden University, PO Box 9502, 2300 RA Leiden, 
Netherlands, m.koper@chem.leidenuniv.nl  

The Tafel slope is one of the most easily measurable quantities in electrochemistry that may harbor 
important information about the mechanism of the reaction under study. No kinetic study in electrode 
kinetics is complete without the Tafel slope, however, its meaning and interpretation are often far from 
straightforward. In this talk, I will discuss the (lack of a) theoretical basis of the Tafel slope, give examples 
of how Tafel slopes may help in understanding mechanisms (including the possible pitfalls), and try to 
make a list of key questions and issues that need to be addressed before we can claim that we know or 
understand what the Tafel slope really means.  

 
COLL 461  

Materials advances for fuel cell applications  

Héctor D. Abruña, Department of Chemistry and Chemical Biology, Cornell University, Baker Lab, 
Ithaca, NY 14853-1301, Fax: 607-255-9864, hda1@cornell.edu  



The use of ordered intermetallics as a new paradigm for fuel cell electrocatalysts and the development of 
novel methods for nanoparticle synthesis will be discussed. In addition, the use of combinatorial methods 
for high throughput screening will be described. Future work on integrated systems will also be described.  

 
COLL 462  

Hydrogen adsorption and hydrogen evolution reaction on a polycrystalline Pt electrode studied by 
surface-enhanced infrared absorption spectroscopy  

Keiji Kunimatsu, Takahiro Senzaki, Gabor Samjeské, Minoru Tsushima, and Masatoshi Osawa, 
Catalysis Research Center, Hokkaido University, N21 W10, Kita-ku, Sapporo 001-0021, Japan, Fax: +81-
11-706-9124, osawam@cat.hokudai.ac.jp  

Hydrogen evolution reaction (HER) on a polycrystalline Pt electrode was investigated by electrochemical 
kinetic analysis (Tafel plot) and surface-enhanced infrared absorption spectroscopy in Ar-purged acids. A 
vibrational mode characteristic to H atom adsorbed at atop sites (terminal H) was observed at 2080–2095 
cm–1. This band appears at 0.1 V (RHE) and grows at more negative potentials associated with the 
increase in hydrogen evolution current. The combined infrared and electrochemical study enabled to 
establish the quantitative relation between the kinetics of HER and the infrared data, and allowed us to 
conclude that terminal H atom is the reaction intermediate in HER and the recombination of two terminal 
H atoms is the rate determining step. The quantitative analysis of the infrared data also revealed that the 
adsorption of terminal H follows the Frumkin isotherm with weak repulsive interaction.  

 
COLL 463  

Bimetallic catalysts composition effect on the ammonia electrooxidation  

Gessie M Brisard, Taixiang Jiang, and Patrick Dube, Department of Chemistry, Universite de 
Sherbrooke, 2500 Boul Universite, Sherbrooke, QC J1K2R1, Canada, Gessie.Brisard@USherbrooke.ca  

The main challenge of ammonia electrooxidation is to develop proper catalysts that have high 
electrocatalytic activity, good tolerance to poisoning and better selectivity toward nitrogen production. 
Recent studies have shown that the addition of second metal component (e.g. Ir or Ru) to Pt leads to 
enhancement of electrocatalytic activity for the ammonia oxidation. The aim of this work is to study the 
influence of the nanocrystalline nature of various supported Pt bimetallic catalysts on ammonia oxidation 
using on-line electrochemical mass spectroscopy measurements. The electrocatalytic reactivity, the 
product yield and current efficiency for the ammonia oxidation on three bimetallic catalysts (PtRu/C, 
Pt3Sn/C and PtNi/C) are evaluated quantitatively. We will show that the addition of Ru, Sn and Ni to Pt 
improve the electrocatalytic activity for the ammonia oxidation and that the selectivity and product 
distribution of N2 and N2O during ammonia oxidation were dependent on the surface state of these 
catalysts.  

 
COLL 464  

Toward a more realistic modeling of electrochemical systems  

Timo Jacob and Matthias Scheffler, Theory Department, Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Faradayweg 4-6, Berlin 14195, Germany, Fax: +49-30-8413-4701, jacob@fhi-berlin.mpg.de  



Since recent years an increasing interest in electrochemistry can be observed. However, electrochemical 
systems are characterized by a multi-component environment (e.g. oxygen, water, impurities, etc.) and 
conditions of finite temperature, pressure, and electrode potential, leading to a high complexity. Especially 
the presence of an electrode potential, which might result in the formation of a rather extended electric 
double-layer, drastically influences the structure of the electrode/electrolyte-interface.  

In order to describe electrochemical interfaces we recently formulated the extended ab initio atomistic 
thermodynamics method, which in general allows calculating (p,T,Φ)-phase diagrams of 
electrode/eletrolyte-interfaces from first principles. On the basis of this approach we will first discuss the 
possibilities but also the limitations of nowadays theoretical approaches to electrochemistry. Afterwards, 
we focus on the oxygen reduction reaction (ORR) and successively include environmental parameters, 
showing that a pure and perfect catalyst surface, which is often used to study this reaction, is clearly 
incomplete. 

 
COLL 465  

CO and H2S chemistry on and in Fe and Fe alloys from first principles  

Emily A. Carter, Department of Mechanical and Aerospace Engineering, and Program in Applied and 
Computational Mathematics, Princeton University, Engineering Quadrangle, Princeton, NJ 08544-5263, 
Fax: 609-258-5877, eac@princeton.edu  

Corrosion and erosion of steel is a serious materials engineering problem affecting all sorts of industries. 
Experimentally characterizing or theoretically modeling the complex surface and bulk solid state chemistry 
involved is nontrivial. By necessity, one must resort to approximate quantum mechanics techniques; here 
we employ first-principles Kohn-Sham density functional theory to explore a subset of chemical reactions 
involved in steel degradation. We focus on known chemical contaminants, CO and H2S, which are 
thought to lead to carburization, sulfidation, and hydrogen embrittlement of steel. We first examine their 
adsorption and dissociation on iron surfaces (as a model for steel). We then evaluate the incorporation of 
carbon and hydrogen into iron. Then we consider whether any sort of pretreatment, such as alloying the 
surface and near surface layers of steel, might inhibit these damaging surface reactions and subsequent 
impurity diffusion. Lastly, we suggest a possible multilayer protective coating design for steel.  

 
COLL 466  

Studies of catalysis using a combination of quantum mechanics and reactive force fields  

William A Goddard III, Materials and Process Simulation Center, California Institute of Technology, 
Beckman Institute (139-74), Pasadena, CA 91125, wag@wag.caltech.edu  

A great deal of progress is being made in using theory to determine reaction mechanics of complex 
reactions on surfaces. For many problems, quantum mechanics (QM) can be used directly but for others 
the time and length scales are too large. We will illustrate how to overcome these limitations by 
developing reactive force fields based on QM but practical for much larger systems.  

 
COLL 467  

Structure sensitivity and stability of oxygen reduction reaction catalysts from first principles  



Jeffrey P Greeley1, Jan Rossmeisl2, and Jens K. Norskov2. (1) Center for Nanoscale Materials, Argonne 
National Laboratory, 9700 S Cass Ave, Argonne, IL 60439, jgreeley@fysik.dtu.dk, (2) Center for Atomic-
scale Materials Design, Technical University of Denmark  

In recent years, the increasing sophistication of computational surface science methodologies has begun 
to permit the analysis, using first-principles techniques, of electrocatalytic reactions of interest in fuel cells. 
In the present work, we use Density Functional Theory to investigate both the structure sensitivity and the 
stability of various metals and metal alloys for an important electrochemical reaction, the oxygen 
reduction reaction (ORR). A first-principles-based analysis is used to investigate ORR kinetics on the 
(111), (211), and (100) surfaces of several transition metals; these data are combined with simple 
nanoparticle structural models to estimate the ORR activity of particles of various sizes. From these 
results, the most active crystal facet is selected, and a computational screening procedure is used to 
estimate the activity of a large number of bulk binary alloys on this facet. The most active such alloys are 
further analyzed to derive estimates of their stability in electrocatalytic environments.  

 
COLL 468  

A “trifunctional mechanism” to model ethanol electrooxidation on Sn/Rh modified Pt(110) 
electrodes  

Matthew Lave, Marc Sells, and Adrian Hightower, Department of Physics, Occidental College, 1600 
Campus Road, Los Angeles, CA 90041, Fax: 323 341 4858, hightower@oxy.edu  

Our novel “trifunctional mechanism” seeks to elucidate the relationship between catalyst nanostructure 
and the enhanced electrocatalytic activity of Sn/Rh decorated Pt(110) electrodes toward the 
electrooxidation of ethanol. The “trifunctional mechanism” attributes the enhanced electrooxidation to 
local nanostructures that i) improve ethanol adsorption to the surface – Pt, ii) selectively cleave C-C 
bonds relative to C-O bonds – Rh, and iii) provide sufficient adsorbed -OH species for oxidation of surface 
adspecies -Sn. A reduction in the onset potential of ethanol oxidation appears to be correlated ratios in 
the population of (noble metal)/Sn clusters. The ratios of absorbance bands intensities associated with 
acetic acid (1290 cm-1), acetaldehyde (933 cm-1), and CO2 (2340 cm-1) seem to correlate with ratios in 
Rh/Pt surface concentrations. Sn/Rh decorated Pt(110) electrodes were fabricated by underpotential 
deposition followed by environmentally controlled annealing. Surface nanostructures and adspecies were 
characterized using in-situ electrochemical STM, in-situ electrochemical FTIR and XPS.  

Acknowledgements This work was supported by the Occidental College Undergraduate Research Center. 
Research was in part carried out at the Molecular Materials Research Center of the Beckman Institute of 
the California Institute of Technology.  

 
COLL 469  

Segregation at CuxPd1-x alloy hydrogen purification membranes  

Andrew Gellman1, Pingping Ye1, James Miller1, and Christopher Matranga2. (1) Department of Chemical 
Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, Fax: 412-268-7139, 
ag4b@andrew.cmu.edu, (2) National Energy Technology Laboratory, United States Department of 
Energy  

CuxPd1-x alloy membranes have exhibited sulfur tolerance in their application as hydrogen purification 
membranes. The surfaces of such membranes are known to have compositions that differ from those of 
the bulk and furthermore, compositions that vary with environment. XPS, LEIS and hydrogen adsorption 
have been used to characterize the surfaces of a Cu30Pd70 membrane over temperatures ranging from 



300 – 1000 K. On timescales of ~1 hour, the surface is found to equilibrate with the near surface region at 
all temperatures above 300 K but is only equilibrated with the bulk at temperatures in excess of 800 K. 
The clean alloy surface is Cu rich, but once modified by the adsorption of sulfur the surface exposes only 
Pd.  

 
COLL 470  

Photoelectron diffraction via ARXPS and ARUPS  

Kamil Klier, Department of Chemistry, Lehigh University, Seeley G. Mudd Building 6, Bethlehem, PA 
18015  

Photoelectron diffraction via angle-resolved XPS and UPS is one of the most powerful tools for unraveling 
electronic and geometric structure of surfaces, overlayers and subsurface layers. In compounds, 
specificity of initial states to elements, valence states, structure of hybrid orbitals, and even single 
electrons affords detailed mapping of layered heterostructures, including electron transfer across 
interfaces and surface reactions. A complete account for the core-level and valence band photoelectron 
diffraction phenomena using a combination of all-electron LAPW theory and scattering models has been 
given and will be exemplified on Mo chalcogenide/alkali and Ag electron donor-acceptor (EDA) surface 
compexes, the "buried" supra-valence band electrons, and their reactions with electron accepting 
molecules. Animated ARXPS from hybrid MOs of the Mo internal source will be shown. Furthermore, 
examples of electronic structures of interfaces in top-emitting PLED devices such as Au/PEDOT and 
Ca/PPV will be presented.  

 
COLL 471  

Surface properties of SnO2(101)  

Matthias Batzill, Department of Physics, University of South Florida, 4202 East Fowler Ave, Tampa, FL 
33620, mbatzill@cas.usf.edu  

Tin dioxide is an important solid state gas sensing material and is used as a transparent and conductive 
electrode in optoelectronic applications. For both applications its surface/interface properties are 
important for device operations. Here we present valence band photoemission studies of the electronic 
and chemical properties of the SnO2(101) surface. It is demonstrated that the surface composition and 
consequently the valency of the surface Sn atoms can be tuned between Sn(II) and Sn(IV). The 
accompanying changes in the surface electronic structure, interface properties and surface reactivity 
towards water adsorption are examined. The implications of the surface properties for gas sensing and 
electrode applications of SnO2 are discussed.  

 
COLL 472  

Catalytic properties of binary alloy surfaces  

Klaus Wandelt, Institute of Physical and Theoretical Chemistry, University of Bonn, Wegelerstr. 12, Bonn 
D-53115, Germany, Fax: +49-228-732515, k.wandelt@uni-bonn.de  

Binary alloy surfaces generally exhibit a different catalytic activity and/or selectivity with respect to a given 
catalytic reaction then their pure components. The preparation and use of alloy catalysts, thus, is a 
promising route to optimize the performance of a catalyst. However, besides the mere surface 



composition, which due to segregation effects may well deviate from the global bulk composition of an 
alloy, also the chemical distribution in the surface plays a crucial role, because it determines the 
existence and availability of specific ensembles of surface atoms (sites) necessary for a preferred 
adsorbate/reaction configuration to occur. This atomic distribution must either be determined atom by 
atom (using STM) or can be fixed by using chemically ordered alloy surfaces. In this lecture the influence 
of chemical composition and distribution at binary alloy surfaces on their adsorption and reaction 
behaviour will be demonstrated by the interaction of molecules with ordered binary alloy surfaces as 
determined by TDS and HREELS. Among others the interaction of unsaturated hydrocarbons with PtSn- 
and PdSn surface alloys will be discussed in great detail.  

 
COLL 473  

Surface chemistry of confined nanostructures and disordered substrates  

Andrew V. Teplyakov, Department of Chemistry and Biochemistry, University of Delaware, Newark, DE 
19716, Fax: 302-831-6335, andrewt@udel.edu  

This presentation will focus on two types of systems where traditional surface science has to adapt to 
deal with limitations posed by the disorder and geometrical restrictions of the substrate. Designing 
chemical pathways to modify silicon-filled nanopits produced on a surface of highly-oriented pyrolytic 
graphite and describing reactions on surfaces of thin diffusion barrier films require molecular-level 
understanding for future applications but the substrates themselves are not defined well enough for 
traditional approaches. A combination of multiple surface analytical techniques, model substrates, and 
DFT calculations will be applied to uncover the molecular information about these unusual surfaces.  

 
COLL 474  

Microfluidic tools to probe the spatiotemporal dynamics of complex biological networks  

Rustem F. Ismagilov, Christian Kastrup, Matthew Runyon, and Feng Shen, Department of Chemistry, 
The University of Chicago, 929 East 57th Street, Chicago, IL 60637, Fax: 773-834-3544, r-
ismagilov@uchicago.edu  

Complex reaction networks are responsible for the function of many biological systems, and the 
spatiotemporal dynamics of these networks plays an essential role in their regulation. Because these 
networks are quite complex, simplified yet accurate models of these networks and tools to probe those 
models are needed. The complex network of hemostasis, comprised of ~80 reactions, is responsible for 
localized blood clotting in response to vascular damage. The interaction of chemicals with endothelial 
surfaces and vascular geometry plays a crucial role in regulating the localized initiation and propagation 
of clotting. We developed a simple, chemical model, built using a modular approach, that reproduces and 
correctly predicts the spatiotemporal dynamics of clotting. Microfluidics was used to test these predictions 
by monitoring clotting in both the model and the real system on pattered surfaces, including phospholipid 
bilayers. These results point to the suitability of this approach for the study of other complex biological 
networks.  

 
COLL 475  

Development of self-assembled monolayer-based cell culture platforms for tissue engineering  



Rajenndra Aithal, IfM, Louisiana Tech University, 911 Hergot Ave., Ruston, LA 71272, 
rajaithal@gmail.com  

Abstract text not available.  

 
COLL 476  

Formation of size-controlled protein crystals in microwell arrays  

Liying Wang, Jeremy Barton, Min Hyung Lee, Laura Hughes, and Teri W. Odom, Department of 
Chemistry, Northwestern University, 2145 N. Sheridan Rd, Evanston, IL 60208, liying-
wang@northwestern.edu  

This presentation will describe an architecture based on microwells and nanowells that can be used to 
form protein crystals of well-controlled size. We will report how we can manipulate the size of individual 
protein crystals within microwells and how we can image them using fluorescence techniques. Our model 
system for protein crystallization, lysozyme, exhibited polymorphism based on the growth conditions. 
Such a simple platform can potentially be useful in screening for conditions of protein crystallization.  

 
COLL 477  

Self-assembled monolayer based cell culture platforms for tissue engineering  

Rajendra K. Aithal1, Deepak P. Kumaraswamy2, Varun Shanigaram2, Amber T. Doss3, Christa Watson4, 
David K. Mills5, and Debasish Kuila4. (1) Institute for Micromanufacturing, Louisiana Tech University, 911 
Hergot Ave., Ruston, LA 71272, Fax: 318-257-5104, rai002@latech.edu, (2) Institute for 
Micromanufacturing/Biomedical Engineering, Louisiana Tech University, (3) School of Biological 
Sciences, Louisiana Tech University, (4) Department of Chemistry, North Carolina A&T State University, 
1601 East Market Street, Greensboro, NC 71272, Fax: 336-334-7124, dkuila@ncat.edu, (5) Institute for 
Micromanufacturing/Biological Sciences, Louisiana Tech University  

Development of a cell culture platform (CCP) using self-assembled monolayers (SAMs) provides a means 
to precisely define and regulate surface chemistry and properties that enhance or inhibit cell adhesion, 
cell migration and gene expression. Substrates such as silicon (Si), gallium arsenide (GaAs) and indium 
tin oxide (ITO) have been modified with SAMs containing amino (–NH2), methyl (–CH3), thiol (–SH) and 
carboxylic (–COOH) end groups and characterized using contact angle measurements, surface infrared 
(IR) spectroscopy and atomic force microscopy (AFM). Different cell types such as human dermal 
fibroblasts (HDFs), mouse stromal mesenchymal stem cells (MSCs), rat brain neurons (RBN), and rat 
hepatocytes have been cultured on these surfaces to develop stable CCPs through cell viability and 
proliferation assays. Cellular responses to the substrates have been studied using phase contrast and 
fluorescence imaging, histo- and immunohistochemistry to document changes in cell shape and behavior.  

(Kuila previously at Institute for Micromanufacturing/Chemistry, Louisiana Tech University)  

 
COLL 478  

Nanoscale patterning of arginine-glycine-aspartate (RGD) cell adhesion ligands to understand cell 
adhesion at molecular level  



Toan Huynh1, Nathaniel Huebsch2, David J. Mooney3, and Chengzhi Cai1. (1) Department of Chemistry, 
University of Houston, 4800 Calhoun, Houston, TX 77204, Fax: 713-743-2709, ruhynos@yahoo.com, (2) 
Division of Engineering and Applied Sciences, Harvard University, (3) School of Engineering and Applied 
Sciences, Harvard University  

The effect of the arrangement of arginine-glycine-aspartate (RGD) cell adhesion ligands at nanoscale is 
still not very well understood. We designed two model systems representing random patterns and non-
random patterns of RGD to study how cells adhere and proliferate in response to nanoscale topology of 
RGD. Random patterns were formed by making mixed self-assembled monolayers (SAM) of generation 5 
poly(amido amine) (PAMAM) that was either functionalized with RGD or left without adhesion ligands. 
Non-random patterns were formed by depositing PAMAM functionalized with RGD onto hexagonal arrays 
of gold nanoparticles. MC3T3-E1 pre-osteoblast cells were seeded on the model systems to compare 
focal adhesion content and proliferation as a function of different spacings between RGD in the two model 
systems. Hexagonal arrays of gold nanoparticles in the non-random pattern model system were 
successfully formed, with spacings between RGD as 33, 43, 65, and 87 nm. Current progress is now at 
improving the model system with random patterns.  

 
COLL 479  

Resistance of cellular adhesion to modified SS316L substrates  

Ellen S. Gawalt, Aparna Raman, and Kelly A. Pappariella, Department of Chemistry and Biochemistry, 
Duquesne University, 600 Forbes Avenue, 337 Mellon Hall, Pittsburgh, PA 15282, Fax: 412-396-5768, 
gawalte@duq.edu  

Stainless steel 316L is an important biomaterial used in the fabrication of stents, guidewires and 
stabilization implants. Non-specific adsorption of cells and proteins to the implant surface is a significant 
complication which leads to encapsulation, blood clot formation and often, revision surgery. Mitigation of 
this issue through control of the SS316L interface would enhance the implants functionality and 
sustainability. To this end, the native oxide surface of SS316L was functionalized with monolayers of 
alkylorganic acids with varying head groups (phosphonic, carboxylic and sulfonic acids) and chain 
lengths. Overall, the reaction conditions used to achieve these modifications were mild in contrast to the 
electrochemical methods required in previous modifications of SS316L. Functional tail groups presented 
at the surface were tested for their ability to resist non-specific cell adhesion of 3T3 Fibroblasts and 
human umbilical vein endothelial cells. The methyl terminated surfaces resisted cellular adhesion better 
than the –OH, -COOH, -NH2, and oligo(ethylene)glycol terminated surfaces.  

 
COLL 480  

Spontaneous DNA pattern formation via confinement and evaporation  

Lu Zhang, Siddharth Maheshwari, Hsueh-Chia Chang, and Y. Elaine Zhu, Dept. of Chemical and 
Biomolecular Engineering, University of Notre Dame, 182 Fitzpatrick Hall, University of Notre Dame, 
Notre Dame, IN 46556, lzhang4@nd.edu  

Spontaneous formation of patterns of colloids, polymers or supramolecular aggregates at surfaces has 
been of great interest and importance for self-assembly at micro/nanoscales and advanced functional 
nanomaterials synthesis. We study the formation of DNA at surfaces via two self-assembly processes: 
one via irreversible droplet evaporation at surfaces of varied surface roughness and chemistry and the 
other via confinement of DNA solutions between two surfaces of varied gap spacing and compression 
rate. During DNA droplet evaporation, we observed remarkable concentric multi-rings of DNA stain with 
stretched DNA molecules connecting the rings. For confined DNA solution between two surfaces, we 



observe a honeycomb thin film with hexagonal repeat units of definite dimensions ranging from 5 to 200 
microns. We also examine the effects of DNA concentration, buffer concentration, and imposed fluid 
stress on the DNA pattern formation at surface.  

 
COLL 481  

Biocompatibility of microcapsules: An in vitro investigation of a potential novel drug delivery 
system  

Zhihua An, Megan Choy, and Laura Kaufman, Department of Chemistry, Columbia University, 3000 
Broadway, New York, NY 10027, Fax: 212-854-1289, za2123@columbia.edu  

The biocompatibility of microcapsules with C6 glioma cells and 3T3 fibroblast cells was studied in vitro. 
MTT assays show that cell viability decreases with increasing microcapsule concentration. However, cell 
viability remains greater than 80% for microcapsule to cell ratios less than or equal to 1:1. This result 
shows that these microcapsules may be used as drug delivery agents. Further, it is shown that cell 
viability is higher in microcapsules fabricated with protein and polyallylamine hydrochloride (PAH) rather 
than polystyrene sulfonate and PAH. In addition to evaluating the biocompatibility of microcapsules with 
cells in monolayer culture, multicellular tumor spheroids (MTS) embedded in collagen I matrices were 
monitored via microscopy in the presence of microcapsules. Collagen matrix structure, cell invasion, and 
volumetric MTS growth were investigated. Image analysis shows that the microcapsules have only a 
marginal effect on the mesh size of the collagen matrix, cell invasion and MTS growth.  

 
COLL 482  

Study of bacteria adhesion onto carbohydrate-presenting surfaces  

Guoting Qin, Wen Zhang, Amit Kumar, and Chengzhi Cai, Department of Chemistry, University of 
Houston, 136 Fleming Building, Houston, TX 77204-5003, Fax: 713-743-2709, gqin@mail.uh.edu  

Carbohydrates play a vital role in cell-cell, cell-virus, and cell-bacterial interactions. The recognition 
process requires different types of carbohydrate ligands to localize or cluster receptors into large 
complexes. A growing body of data indicates that not only the chemical composition but also the spatial 
arrangement of the signaling molecules in the environment is an important cue to cells. Therefore, a 
model system with a precise control on the number and location of carbohydrate ligands at the nanoscale 
is highly desired. Recently, we have generated nanoarrays using conductive atomic force microscopy (c-
AFM) with the spot size at the diameter of about 10 nm on oligo(ethylene glycol) (OEG) terminated alkyl 
monolayer on silicon (111) substrate. Each spot can accommodate no more than one macromolecule 
(PAMAM G5) with one monosaccharide. In this way, we can control the location and number of 
monosaccharides at the nanometer scale. The results of our study of the bacteria cell's response to the 
presentation of Mannose using fluorescence microscopy and AFM will be presented.  

 
COLL 483  

Studying integrin-extracellular matrix interactions using self-assembled monolayers  

Jessica L. Case and Milan Mrksich, Department of Chemistry and Howard Hughes Medical Institute, 
University of Chicago, 929 E. 57th Street, Chicago, IL 60637, Fax: 773-702-1677, 
jesscase@uchicago.edu  



This presentation will describe the use of self-assembled monolayers (SAMs) to covalently immobilize 
peptides and proteins to the surfaces in controlled densities and orientations for studies of cell adhesion. 
Cell attachment occurs when cell-surface integrin receptors bind to specific ligands within extracellular 
matrix (ECM) proteins. Clustering of the integrin receptors, followed by the recruitment of cytosolic 
proteins to the membrane, leads to the assembly of focal adhesions, which regulate signaling pathways 
for cell spreading, migration, and proliferation. Many studies have confirmed the 9th and 10th type III 
domains of fibronectin as binding sites for integrins, specifically the amino acid sequences PHSRN and 
RGD in each domain respectively. This presentation describes a study that uses model substrates 
presenting the fibronectin protein domains to understand the roles of these sequences in regulating cell 
behavior.  

 
COLL 484  

Surface modifications by covalent printing  

Dorota I. Rozkiewicz, Bart Jan Ravoo, and D. N. Reinhoudt, Supramolecular Chemistry and Technology, 
University of Twente, MESA+ Institute for Nanotechnology, Langezijds, P. O. Box 217, Enschede 7500 
AE, Netherlands, d.i.rozkiewicz@tnw.utwente.nl  

We apply microcontact printing (mCP) to induce covalent chemical reactions locally on surfaces. 
Aldehyde-terminated SAMs were used as a substrate for direct, covalent mCP of proteins via imine-
chemistry. Specific regions of this SAM were patterned with proteins while others were made non-
adhesive by immobilization of PEG molecules. We used direct microcontact printing of proteins to 
immobilize the HeLa cells selectively. Furthermore, we have developed a new method for printing DNA 
on glass supports which relies on the modification of PDMS stamp with dendrimers (“dendri-stamps”) 
resulting in a surface that is rich in positively charged amino groups. 5'-amino-modified ssDNA, was 
incubated on the dendri-stamp and complexed via electrostatic interaction. DNA was then transfered by 
mCP to an aldehyde-terminated surfaced. Finally, we present a Huisgen 1,3-dipolar cycloaddition, 
induced without any catalyst by mCP of acetylenes onto azide-terminated SAMs on silicon oxide 
substrates.  

 
COLL 485  

Using quantitative force measurements to examine chemical and biophysical changes at a native 
bacterial surface  

Megan A Ferguson and Eileen M. Spain, Department of Chemistry, Occidental College, 1600 Campus 
Road, Los Angeles, CA 90041, mferguson@oxy.edu  

Bdellovibrio bacteriovorus, a gram-negative predatory bacterium, burrows into the periplasm of other 
gram-negative bacteria. In the resulting unit, termed a bdelloplast, B. bacteriovorus enlarges by feeding 
on the contents of the prey cell cytoplasm, ultimately septating, lysing the prey cell, and moving on to new 
prey. Understanding the interfacial chemistry underlying these microbial interactions could help develop 
many applications for reducing unwanted bacteria in agriculture, medicine, and industry. In these studies, 
B. bacteriovorus were added to E. coli biofilms and subsequent development of bdelloplasts was 
examined using atomic force microscopy (AFM) in contact, tapping, and force modes. Measurements 
were taken of both living cells in liquid medium and sacrificial samples in air. Force curves in liquid show 
that although healthy E. coli cells are notably stiff, bdelloplasts are significantly more elastic. Bdelloplasts 
also adhere to the retracting tip more strongly but are more easily dislodged from the slide surface.  

 
COLL 486  



Dispersion of super paramagnetic iron oxide nanoparticles in poly(D,L-lactide-co-glycolide) 
microparticles  

Brian P. Grady1, Ronald A. Wassel2, Richard D. Kopke2, and Kenneth D. Dormer3. (1) School of 
Chemical, Biological and Materials Engineering, University of Oklahoma, 100 East Boyd EC Room T-223, 
Norman, OK 73019, Fax: 405-325-5813, bpgrady@ou.edu, (2) Hough Ear Institute, (3) Departments of 
Physiology and Otolaryngology, University of Oklahoma Health Science Center  

Superparamagnetic iron oxide nanoparticles (SPIONs) coated with oleic acid were encapsulated into 
poly(D,L-lactide-co-glycolide) (PLGA) particles using an oil-in-water-in-oil emulsion technique in order to 
form delivery vessels for targeted drug delivery. The ultimate goal is to remotely manipulate the position 
of the PLGA particles containing drug and SPIONS inside the body. Relative amounts of SPIONs 
encapsulated in PLGA could be varied by increasing the concentration of SPIONs in the first oil phase: 
doubling the amount in that phase doubled the amount of SPIONs in the PLGA. The saturation 
magnetization scaled proportionally with the amount of SPIONs in the PLGA. Size of the composite 
particles could be varied from 280 nm to 160 nm by varying either power or time of sonication while the 
zeta potential remained near -20 mV for the composite, independent of SPION content. Transmission 
electron microscopy images showed SPIONs ranging in diameter from 5 to 15 nm embedded inside the 
polymer and indicated that they were uniformly dispersed within the PLGA particles.  

 
COLL 487  

Evaluation of surface coverage and influence of linker lengths on loading of magnetic iron oxide 
nanoparticles  

Balasubramanian Srinivasan and Xuefei Huang, Department of Chemistry, University of Toledo, 2801 
W. Bancroft St, Toledo, OH 43606, synorgbala@rediffmail.com  

Magnetic iron oxide nanoparticles (MNPs) are excellent candidates for many important applications 
because of their biocompatible nature and flexibility to postsynthesis surface modification. They have 
attracted a great deal of attention for their potential applications such as MRI contrast agents, magnetic 
storage media, targetable drug carriers and magnetically controlled media for sensitive separation and 
detection of biomolecules. Surface coating of iron oxide nanoparticles with Γ-aminopropyltriethoxy silane 
(APTES) is an extremely useful postsynthetic modification where silica is covalently attached to the 
nanoparticle through oxygen atom. Herein we accomplish synthesis and characterization of iron oxide 
nanoparticles (~10-12 nm) and quantitative evaluation of surface modification of iron oxide nanoparticles 
by rhodamine B modified APTES ligands and the effect of linker length on the surface coverage using 
UV-Vis spectroscopy. Our methods provide valuable quantitative information and should be applicable to 
wide range of ligands.  

 

 
COLL 488  

Facile preparation of partially reduced V2O5 high-aspect-ratio nanowire sheet  



Chunrong Xiong1, Ali E Aliev2, Gaurang Pant3, Bruce Gnade3, and Kenneth J. Balkus Jr.4. (1) 
Chemistry department, the universoty of texas at dallas, 2601 North Floyd Rd., richardson, TX 75083, 
bearcr_82@hotmail.com, (2) department of physics, university of texas at dallas, (3) Department of 
electrical engineering, university of texas at dallas, (4) Department of Chemistry, University of Texas, 
Richardson, TX 75083, Fax: 972-883-2925, balkus@utdallas.edu  

Hydrated and partially reduced V2O5 nanowires with high aspect ratio have been synthesized by 
hydrothermal condensation of ammonium metavanadate at 120 °C. these nanowires can be fablicated 
into a flexible sheet. The V4+/V5+ ratio in the nanowires can be increased increasing the hydrothermal 
synthesis temperature. The extremely low heat capacitance of thin V2O5-x sheet and high temperature 
gradient of resistance makes it very attractive material for bolometric (IR) sensing. The current 
responsivity of 30µm sheet is S = d V / d Q =178 V/W and can be improved to several orders.  

 
COLL 489  

Ionic monolayer-protected metal clusters (IMPCs): Effects of counter anions  

Young-Seok Shon, Department of Chemistry and Biochemistry, California State University, Long Beach, 
1250 Bellflower Blvd., Long Beach, CA 90840  

Metal nanoparticles capped with ionic surfactants (e.g. metal colloids stabilized by citric acids or 
ammonium surfactants) have drawn an increased interest due to applications requiring a temporary 
monolayer binding property. However, their unsatisfactory long-term stability has limited the broader use 
of these nanomaterials. The availability of highly stable monolayer-protected nanoparticles with an ionic 
bonding between protecting ligands and particle surface should provide a diversification of available ionic 
nanoparticulate materials and successful applications in devices, catalysis, and sensing. Synthesis of 
stable tetraoctylammonium thiosulfate-protected gold nanoparticles has been previously reported by us. 
Here, we present the synthesis and characterization of tetraalkylammonium-protected gold nanoparticles 
with different alkyl chain length and chain packing density (e.g. tetrahexadecylammonium, 
dihexadecyldimethylammonium, and monohexadecyltrimethylammonium-protected gold clusters). The 
stability of tetraoctylammonium bromide-protected gold nanoparticles is found to be greatly improved by 
anion exchange with thiosulfate or sulfide. In addition, the results suggest that tetraalkylammonium 
bromide-protected gold nanoparticles are extremely sensitive to the presence of halide anions (chloride 
and iodide). Further study shows that the sensitivity of IMPCs to anions can be varied by controlling an 
accessibility of anions to the nanoparticle surface.  

 
COLL 490  

Low temperature synthesis of rutile nanorods in ionic liquids  

Helena Kaper, Department of colloid chemistry, Max Planck Institute of Colloids and Interfaces, Am 
Mühlenberg 1, 14476 Potsdam, Germany, Fax: 0049-331-5679502, Helena.Kaper@mpikg.mpg.de, Bernd 
Smarsly, Colloid Chemistry, MPI of Colloids and Interfaces, and Markus Antonietti, Colloid Chemistry, 
Max-Planck-Institute of Colloids and Interfaces  

Nanostructured rutile is a promising material for energy conversion devices. However, the synthesis of 
nanostructured rutile is still challenging. In our synthesis, we use the ionic liquid (IL) 1-ethyl-3-methyl 
imidazolium bis (trifluoromethylsulfonly) imide as solvent and template at the same time. The IL inhibits 
the crystallisation of anatase so that the hydrolysis of TiCl4 leads to the formation of an amorphous 
intermediate which upon removal of the IL at room temperature leads to the formation of rutile nanorods. 
TEM (transmission electron microscopy), HRTEM (high resolution transmission electron microscopy) and 
XRD (x-ray diffraction) show that the particles are rod-like with a diameter of 5 nm. Nitrogen sorption 



measurement reveals a BET surface area of 130 m2/g and a pore size of 3.8 nm (BJH). The mechanism 
was elucidated via IR spectroscopy studies and SAXS (small angle x-ray scattering). Li-insertion into 
rutile is measured to assess its suitability for energy storage.  

 
COLL 491  

Preparation and characterization of monodisperse cerium oxide nanoparticles in hydrocarbon 
solvents  

Hua Gu, Department of Polymer Engineering, The University of Akron, 250 South Forge Street, 
hg8@uakron.edu, and Mark D. Soucek, Department of Polymer Engineering, The University of Akron, 
Polymer Engineering Academic Center, 250 South Forge Street, Fax: 330-258-2339, 
msoucek@uakron.edu  

Uniform-sized monodisperse cerium oxide nanoparticles were prepared in a one-step reaction. A cerium-
oleate complex was heated in an organic solvent with high-boiling point to decompose and form 
nanocrystals. The products were characterized by Raman Spectroscopy, XRD, UV-Visible Spectroscopy, 
room temperature photoluminescence spectroscopy and TEM. The TEM images and UV-Visible spectra 
show that the CeO2 particles prepared are uniform nanosized and absorb UV light in the range of 250-
400 nm. The size of the nanoparticles prepared can be controlled from 5 – 20 nm by choosing solvents, 
reaction time and solids concentration without any size-sorting. The nanoparticles show a strong 
violet/blue emission at 400 nm in photoluminescence spectrum (PL). The PL emission was found to be 
sensitive to the particle size.  

 

 
COLL 492  

Synthesis and optical properties of 1-D metal and core/shell colloidal nanostructures  

Mingzhao Liu and Philippe Guyot-Sionnest, James Franck Institute, University of Chicago, 929 E 57th 
St, CIS ESB032, Chicago, IL 60637, mzliew@uchicago.edu  

The plasmon resonance of noble metal nanoparticles provides interesting optical properties in the visible 
and near-infrared region, and is highly tunable by varying the shape and the composition of the 
nanoparticles. This talk will describe the synthesis of gold nanorods and monodisperse gold bipyramids, 
and core/shell structure, such as metal/metal or metal/semiconductor. The talk will also briefly discuss the 
growth mechanism of these structures. The experimental optical spectra have longitudinal plasmon 
resonance varying in the 1~2 eV range, which are in good agreement with the simulation results. The 
FDTD (finite-difference time-domain) simulation also shows significant field-enhancement (> 100 fold) in 
the vicinity of the nanoparticle at its plasmon resonance. Nonliear optical properties is therefore expected 
from these nanostructures and experimental studied.  



 
COLL 493  

Surfactant effects on the particle size and formation of sol-gel iron(III) oxides  

Erin Camponeschi, Jeremy D. Walker, and Rina Tannenbaum, School of Materials Science and 
Engineering, Georgia Institute of Technology, 771 Ferst Drive, NW, Atlanta, GA 30332, 
erin.camponeschi@mse.gatech.edu  

In this work, we probed the effects of a common surfactant, Sodium dodecylbenzene sulfonate 
(NaDDBS), on the particle size and formation of iron (III) oxide sol gels. This research used two different 
metal salts known to form xerogels, ferric nitrate nonahydrate, Fe(NO3)3 · 9H2O, and ferric chlorate 
hexahydrate, FeCl3 6H2O. The particle size of the dried gel was 4.5 nm for Fe(NO3)3 · 9H2O and 3.6 nm 
for FeCl3 · 6H2O. In the presence of the surfactant FeCl3 · 6H2O formed a gel and Fe(NO3)3 · 9H2O 
was unable to gel, but the new particle sizes were 4.9 nm and 3.2 nm, respectively. The addition of the 
surfactant allowed for the stabilization of smaller particles than the corresponding xerogels.  

 
COLL 494  

Polyelectrolyte-modified nanoscale zerovalent iron: Characteristics of the adsorbed 
polyelectrolyte layer and dispersion stability  

Tanapon Phenrat1, Navid B. Saleh1, Kevin Sirk2, Hye-Jin Kim1, Yueqiang Liu3, Robert D Tilton4, and 
Gregory V. Lowry1. (1) Department of Civil & Environmental Engineering, Carnegie Mellon University, 
5000 Forbes Ave, Pittsburgh, PA 15213, tphenrat@andrew.cmu.edu, (2) Department of Chemical 
Engineering, Carnegie Mellon University, (3) Weston Solutions, Inc, (4) Department of Biomedical 
Engineering and Department of Chemical Engineering, Carnegie Mellon University  

Nanoscale zerovalent iron (NZVI) are 20nm to 70 nm sized Fe0/Fe-oxide particles that rapidly transforms 
many environmental contaminants to benign products. To be effective, NZVI should form a stable 
dispersion in water such that it can be delivered in water-saturated porous media to a contaminated area. 
Polyelectrolytes can be used to minimize aggregation due to van der Waals attractive forces and longer 
range intrinsic magnetic forces. This study examines the ability of surface modification by poly(styrene 
sulfonate) with a MW of 70k g/mol (PSS70K), carboxymethyl cellulose with MW's of 90k and 700 k g/mole 
(CMC90K and CMC700K), and polyaspartate with MW's of 2.5k and 10k g/mole (PAP2.5K and 10K), to 
limit aggregation and sedimentation of NZVI dispersions. Polyelectrolyte adsorption isotherms are 
determined by solution depletion, and Ohshima's soft particle theory is applied to determine the 
characteristics of the adsorbed layer including thickness, softness parameter, and electrical potentials. 
According to the aggregation kinetics as determined by a dynamic light scattering, PSS70K, PAP2.5K, 
PAP10K, and CMC700K modifiers provides stabilization of 82 vol%, 73 vol%, 82 vol%, and 52 vol% of 
the particles, respectively, i.e. particles remain as individual particles over an hour of the aggregation 
study. Similarly, after 7 hours of sedimentation, 40 wt%, 32 wt%, 34 wt%, 5 wt%, and 20 wt% of the 
particles remain suspended. The percentages of stable fractions with respect to both aggregation and 
sedimentation correlate with the surface excess and thickness of the adsorbed polyelectrolyte layers.  

 
COLL 495  

Vanadia nanoparticles grown on thin ice films: Structure and reactivity  

Shamil K. Shaikhutdinov1, Sarp Kaya1, and Hans-Joachim Freund2. (1) Department of Chemical 
Physics, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, Berlin 14195, Germany, Fax: 



030-8413-4105, shaikhutdinov@fhi-berlin.mpg.de, (2) Department of Chemical Physics, Fritz Haber 
Institut of the Max Planck Society  

Vanadium oxides formed by vanadium physical vapor deposition in oxygen ambient onto the ice 
precovered surface of well ordered silica films were studied by scanning tunneling microscopy, X-ray 
photoelectron spectroscopy and infrared reflection absorption spectroscopy. Water strongly favors 
vanadium oxidation as compared to reactive deposition on the pristine silica films (V(4+)vs V(3+), on 
average). At room temperature, upon desorption of the unreacted water, the vanadia form three-
dimensional particles of 1-2 nm in size uniformly covering the whole substrate. The particles contain V-
OH groups and, depending on the vanadium loading, vanadyl (V=O) species. Annealing above 550 K fully 
desorbs water and partially reduces vanadium to the 3+ state, ultimately leading to the stronger 
interaction of vanadia particles with the silica film. Subsequent surface re-oxidation by oxygen results in 
V=O surface species as it is formed by the deposition onto the pristine substrate. The reactivity of the 
vanadia particles towards adsorption of CO and methanol was studied by temperature programmed 
desorption.  

 
COLL 496  

Moving beyond the printed page in teaching physical chemistry  

Thomas Engel and Philip J. Reid, Department of Chemistry, University of Washington, Box 351700, 
Seattle, WA 98195-1700, engel@chem.washington.edu  

The textbook has retained its role as the single most important learning tool for the student of physical 
chemistry for most of the past 100 years. Although enriched by more pedagogically sophisticated figures 
and supplemented by websites, learning strategies have been largely limited by integral tables and the 
capabilities of hand-held calculators. Online simulations and quantum chemistry software can provide an 
active learning environment that goes well beyond these limitations by letting the student focus on the 
results rather than the mechanics of calculations. The enhancement of student understanding using 
online simulations in thermodynamics, quantum mechanics and kinetics will be illustrated. The integration 
of computational quantum chemistry software into the physical chemistry curriculum is essential to bridge 
the gap between the formal structure of quantum mechanics and the real world of the practicing chemist. 
Strategies for doing so will be discussed.  

 
COLL 497  

MoS2 nanoparticles for hydrogen evolution: A combined UHV/STM and electrochemical study  

Jane H. Nielsen, Center for Individual Nanoparticle Functionality, Department of Physics, NanoDTU, 
Technical University of Denmark, Kgs. Lyngby DK-2800, Denmark, jane@fysik.dtu.dk  

In this study, the hydrogen evolution activity of single-layered MoS2 nanoparticles was correlated with the 
atomic-scale structure determined by scanning tunneling microscopy (STM). The MoS2 nanoparticles 
were vapor deposited onto Au(111) in an ultra-high vacuum (UHV) chamber and characterized with 
traditional surface sensitive techniques. Particle sizes were tuned by controlled sintering at elevated 
annealing temperatures. The model systems were then transferred under vacuum to a second UHV 
chamber where the atomic-scale morphology was revealed with STM. The same samples were 
subsequently characterized in an electrochemical cell under ambient conditions, where it was found that 
electrocatalytic hydrogen evolution scales linearly with the number of edge sites of the nanoparticles – 
and not the area of the exposed basal plane – regardless of particle size. These findings are in excellent 
agreement with theoretical predictions for hydrogen evolution catalysts.  



 
COLL 498  

Butandioic acid derivatives on Cu(110): Sergeants and soldiers, 2-D enantiomorphism and surface 
explosion  

Karl-Heinz Ernst, Manfred Parschau, and Christian Roth, Molecular Surface Science, EMPA 
Duebendorf, Ueberlandstrasse 129, Duebendorf 8600, Switzerland, Fax: 01141 1 823 4034, karl-
heinz.ernst@empa.ch  

We compare and discuss the interactions of various butandioic acid derivatives, namely, racemic and 
meso tartaric acid (rac.-TA & m-TA), (R)- and (S)--aspartic acid (ASP), (R)-, (S)- and racemic malic acid 
(MAL) as well as succinic acid (SU) with a copper(110) surface by means of low energy electron 
diffraction (LEED), X-ray photoelectron spectroscopy (XPS) and temperature programmed desorption 
(TPD) in UHV. Depending on the coverage and deposition procedure, these compounds interact either 
with one or both of their carboxylate groups with the surface and become deprotonated. 
Enantiomorphous 2D structures are observed for the doubly deprotonated structures, whereby the achiral 
and the racemic compounds form both handed structures simultaneously. This implies that the achiral 
species (SU and m-TA) become chiral upon interaction with the surface and form, as the racemic 
mixtures, homochiral domains. The pure enantiomers, however, form only one enantiomorphous lattice, 
but with opposite respective handedness. Doping of the achiral layers with chiral enantiopure species 
installs homochirality on the entire surface, a phenomenon originally coined as 'sergeant and soldiers'. 
For the saturated monolayers, all compounds show very narrow thermal decomposition behavior (i.e., 2K 
at FWHM as observed in TPD for the products CO2, H2O and H2) due to autocatalytic kinetics, so-called 
'surface explosion'. The different 2D lattice structures as well as the local adsorbate structures will be 
discussed and compared to the well characterized system of chiral TA on this surface [M. Ortega 
Lorenzo, et al., J. Phys. Chem. B 103 (1999) 10661] and to chiral amplification observed for helical 
hydrocarbons [R. Fasel, M. Parschau, K.-H. Ernst, Nature 439 (2006) 449].  

 
COLL 499  

Calculations of dissociative sticking of molecules: Statistical vs. dynamical approaches  

Hannes Jónsson, Faculty of Science, VR-II, University of Iceland, Hjardarhaga 2-6, 107 Reykjavik, 
Iceland, hj@hi.is  

The dissociative sticking of molecules at surfaces is an important process and can, for example, be the 
limiting step in heterogeneous catalysis. Much work, both experimental and theoretical, has been done to 
gain deeper understanding of the basic mechanism for dissociative sticking, especially that of hydrogen 
and methane on various metal surfaces. Different types of experiments have been done, ranging from 
molecular beam deposition where the system is far from equilibrium to bulb experiments where the gas 
has attained the temperature of the surface, as well as intermediate conditions where only some degrees 
of freedom of the gas are thermally equilibrated with the surface. The theoretical analysis of such 
experiments is not straight forward especially when quantum mechanical effects are included as well as 
surface degrees of freedom and many different models have been proposed. The theoretical foundation 
for using classical and quantum mechanical versions of transition state theory for studying dissociative 
sticking will be discussed and results presented for H2 and CH4 sticking on Cu and Ni surfaces.  

 
COLL 500  

Surface-confined coordination chemistry with metalloporphyrins: In-situ metalation and 
competitive axial coordination  



J. Michael Gottfried, Lehrstuhl fuer Physikalische Chemie II, Universitaet Erlangen-Nuernberg, 
Egerlandstr. 3, Erlangen 91058, Germany, Fax: +49-9131-8528867, michael.gottfried@chemie.uni-
erlangen.de  

Metalloporphyrins represent the reactive centers in various biological and chemical systems, in which 
axial coordination is essential for their specific functionality as an enzyme, catalyst, or sensor. Here, we 
applied and extended concepts of solution-based coordination chemistry to surface reactions of 
metalloporphyrins adsorbed on Ag(111). Employing photoelectron spectroscopy and complementary 
techniques, we focused on: (1) The synthesis of adsorbed metalloporphyrins by direct metalation of 
porphyrin monolayers with iron, cobalt, and zinc. Also, we demonstrated that adsorbed porphyrins "pick 
up" pre-deposited Zn atoms from the surface. (2) The electronic interaction between metal surfaces and 
porphyrin-coordinated metal ions in well-defined distances, which were adjusted by spacer substituents. 
(3) The axial coordination on these ions, leading to competition between the newly formed coordinate 
bond and the bond between ion and surface (trans-effect). Supported by the Deutsche 
Forschungsgemeinschaft (SFB-583).  

 
COLL 501  

Surface science study of fuel cell electrode catalysts  

Junji Nakamura, Graduate School of Pure and Applied Sciences, University of Tsukuba, Tennoudai 1-1-
1, Tsukuba, Ibaraki 305-8573, Japan, Fax: 81-29-853-4490, nakamura@ims.tsukuba.ac.jp  

Superior performance of thick carbon nanotube (CNT) has been found as a catalyst support material of 
polymer electrolyte fuel cell. This is due to the difference of carbon surface between CNT and generally 
used carbon black (CB), at which catalyst particles are present. The surface of thick CNT can be 
regarded as basal plane of graphite, while the surface of CB is composed of edges of graphene sheets. 
We thus use model system of metal catalysts/HOPG (Highly oriented pyrolytic graphite). The Pt 4f core 
level is shifted to higher energies with decreasing the size of Pt particles. The reduction of the particle 
size leads to a decrease in adsorption energy of hydrogen on Pt, which can be explained by lowering d 
band center induced by electron transfer from Pt to carbon upon reduction of particles size.  

 
COLL 502  

The next generation nuclear plant: Materials issues and needs  

J. W. Rogers Jr., Idaho National Laboratory, P.O. Box 1625, Idaho Falls, ID 83415-2211, 
jw.rogers@inl.gov  

Growing demands for electric power and transportation fuels in the coming decades necessitate an 
upgraded energy infrastructure leading to the Generation IV reactor concepts. The U.S. Department of 
Energy (DOE) has selected the Very High Temperature Gas Cooled Reactor System (VHTR) for the Next 
Generation Nuclear Plant (NGNP). The objectives for the NGNP project are:  

• Demonstrate a full-scale prototype NGNP by the years 2015 to 2017 • Demonstrate high-temperature 
Brayton Cycle electric power production at full scale • Demonstrate nuclear-assisted production of 
hydrogen (with 10 to 20% of the heat) • Demonstrate by test the exceptional safety capabilities of the 
advanced gas cooled reactors • Obtain an NRC License to construct and operate the NGNP, to provide a 
basis for future performance-based, risk-informed licensing of high temperature gas reactors • Support 
the development, testing, and prototyping of hydrogen infrastructures such as refueling stations, the 
“Freedom Car” initiative, petrochemical extension, heavy crude oil or tar sands “sweetening,” and other 
industrial hydrogen applications.  



In this talk, the NGNP reactor concept will be discussed as well as concepts for producing hydrogen from 
nuclear-derived process heat. Emphasis will be given to outstanding materials needs and issues for this 
“first of its generation” reactor.  

 
COLL 503  

Designer plasmonic structures with tunable optical properties  

Jennifer Shumaker-Parry, Department of Chemistry, University of Utah, 315 S 1400 E, Rm 2020, Salt 
Lake City, UT 84112, shumaker-parry@chem.utah.edu  

The unique plasmonic properties of metal nanostructures have attracted attention due to applications in 
optical-based sensing and surface-enhanced spectroscopy techniques. These applications would benefit 
from the ability to tune the optical properties and to control the magnitude and extent of localization of 
electromagnetic field enhancements. Because of the shape-dependence of localized plasmon 
resonances, several strategies have been used to prepare irregularly-shaped, or non-spherical, 
nanostructures with the goal of tuning the optical properties. We have fabricated and characterized metal 
crescent-shaped plasmonic structures which exhibit localized plasmon resonances that are tunable from 
the visible to the infrared spectral regions. The relationship between the optical properties and the 
physical features of the structures will be described, including the influence of the physical aspects of the 
structures on their sensitivity to changes in the local dielectric environment.  

 
COLL 504  

Studies of host-to-activator energy transfer in luminescent materials  

Anthony L. Diaz, Department of Chemistry, Central Washington University, science building Rm 302, 
Ellensburg, WA 98926, Fax: 509-963-1050, diaza@cwu.edu  

Research in our lab involves the systematic study of electron transport and trapping processes in 
luminescent materials when they are excited by vacuum ultraviolet (VUV) radiation. Important 
fundamental questions remain about these processes, particularly regarding the important relationships 
that govern host-to-activator energy transfer during host-sensitized luminescence. Results are presented 
here for energy transfer studies of the blue (BaMgAl10O17:Eu2+) and red (YBO3:Eu3+) phosphors used in 
plasma display panels. Work on BaMgAl10O17:Eu2+ reveals an important relationship between the 
mechanism of energy transfer and the relative instability of this phosphor to exposure to VUV radiation. 
Work on YBO3:Eu3+ shows that the transfer efficiency properties of this material are the primary reason 
for its VUV efficiency being superior to that of the preferred lamp red, Y2O3:Eu3+.  

 
COLL 505  

Vibrational sum frequency generation studies of phase transition of CO on Pt(111) and Pt(111)/Ru 
electrodes  

A. Lagutchev, G. Q. Lu, T. Takeshita, Dana D. Dlott, and Andrzej Wieckowski, Department of 
Chemistry, University of Illinois at Urbana-Champaign, 600 South Mathews Avenue, Urbana, IL 61801, 
andrzej@scs.uiuc.edu  

The potential-dependent (2x2)-3CO to a (√19x√19)R23.4°-13CO adlayer phase transition on Pt(111) with 
0.1M H2SO4 electrolyte was studied using femtosecond broadband multiplex sum frequency generation 



(SFG) spectroscopy combined with linear scan voltammetry. Across the phase boundary the SFG atop 
intensity jumps, and at the same time the SFG spectrum of threefold CO sites is transformed into a bridge 
site spectrum with a small decrease in integrated SFG intensity. This occurs because the SFG signal is 
sensitive to both the coverage and changes in the local field that result from a changing adlayer structure. 
The phase transition is reversible with an ∆150 mV anodic overpotential and the forward (2x2)-3CO to a 
(√19x√19)R23.4°-13CO transition is slower than the reverse. Repeated cycles of phase transition indicate 
that the 25 µm electrolyte layer used here does not appreciably distort the potential-coverage 
relationships. The most recent data obtained on the electrode potential dependent SFG characteristics of 
the Pt(111)/Ru-CO system will be reported.  

 
COLL 506  

Electrochemical oxidation of CO: A spectroscopic point of view  

Keng C. Chou, Department of Chemistry, University of British Columbia, 2036 Main Mall, Vancouver, BC 
V6T1Z1, Canada, kcchou@chem.ubc.ca  

Although there have been numerous studies on the electrochemical oxidation of CO, many basic 
mechanistic questions have remained unanswered. Spectroscopic techniques have offered valuable 
information about the oxidation process, particularly at oxidation potential. Studies using IR-visible sum 
frequency generation (SFG) and IR absorption spectroscopy will be compared, and the possibility of 
measuring the surface electronic state of CO on an electrode surface using two-dimensional IR-visible 
SFG will be discussed.  

 
COLL 507  

Dewetting at the aqueous-hydrophobic interface  

Scott K. Shaw, Department of Chemistry, University of Illinois, 600 S. Mathews Avenue, Urbana, IL 
61801, Fax: 217-333-2685, skshaw@uiuc.edu, and Andrew A. Gewirth, Department of Chemistry, 
University of Illinois at Urbana-Champaign  

The structure that water adopts above a hydrophobic surface is a subject of considerable interest. The 
potential dependence of this water structure provides insight into the interaction of electrolyte with the 
water solvent. Potential dependant in-situ infrared visible sum frequency generation spectroscopy (SFG) 
spectra of the aqueous / alkanethiol interface have been recorded in the OH and OD stretching regions. 
Three major OH (OD) stretching modes; the free OH (OD) oscillator and respective donor species as well 
as tetrahedrally coordinated H2O (D2O) were observed. Spectra have been mathematically fit to extract 
information used to elucidate the structure and conformation of H2O (D2O) at these electrochemical 
interfaces at potentials near the potential of zero charge and the existence of a flip-flop model for water in 
these environments is investigated. Comparison to recent work on Ag(111) / aqueous interface 
corroborates previous assignments of OH(OD) bands in the 3800-2800 cm-1 (2800-2400 cm-1) region.  

 



 
COLL 508  

Sum frequency generation study on potential and time dependent structures of electrochemical 
interfaces  

Kohei Uosaki, Hidenori Noguchi, Tsubasa Okada, and Mikio Ito, 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 mechanism of electrochemical reactions, information of structures of molecules at 
electrode/electrolyte interface including short-lived intermediates and solvent, i.e., water in most 
electrochemical reactions, at the interface is essential. The determination of the interfacial structures of 
the intermediate and solvent is, however, difficult by conventional surface vibrational techniques. Since 
sum-frequency generation (SFG) is one of the second order non-linear optical processes and takes place 
only at the interface, SFG spectroscopy is the ideal tool for this purpose. In this study, potential and time 
dependent structures of water and adsorbed intermediate at electrode/electrolyte interfaces during 
electrochemical reactions were investigated by in situ electrochemical SFG spectroscopy.  

 
COLL 509  

Surface-enhanced Raman spectroscopic studies of CO and methanol oxidation on Ru-decorated 
Pt surfaces  

Hongzhou Yang and Shouzhong Zou, Department of Chemistry and Biochemistry, Miami University, 501 
East High Street, Oxford, OH 45056, yangh2@muohio.edu  

It is well known that ruthenium modified platinum is the best anode catalyst for the direct methanol fuel 
cells (DMFCs). Two main mechanisms, bifunctional mechanism and ligand effect, were proposed to 
interpret Ru enhancement toward methanol oxidation. Although abundant studies have been done on Pt-
Ru surfaces, the actual chemical state of the active Ru component is still under discussion. While some 
prefer to metallic form of Ru, other researches suggest that ruthenium oxides are the active component 
for methanol oxidation. Up to now, the analytical methods used for investigations of methanol oxidation 
are difficult to obtain information of chemical state of Ru simultaneously with methanol oxidation on the 
catalysts surfaces. In the present work, surface-enhanced Raman spectroscopy (SERS) combined with 
electrochemical studies is used to investigate methanol oxidation on Ru-decorated Pt surfaces. Based on 
the results, chemical states of Ru components and their roles for methanol oxidation will be discussed.  

 
COLL 510  

Particle size and substrate effects in electrocatalysis: Carbon and titania supported gold particles  

Brian E. Hayden, Derek Pletcher, and Jens-Peter Suchsland, Department of Chemistry, University of 
Southhampton, Southhampton SO17 1BJ, England, beh@soton.ac.uk  

PVD methods have been used to investigation of particle size and support effects on electrocatalysts2. 
The kinetics of oxygen reduction and CO oxidation at gold particles on both carbon and sub-
stoichiometric titania is described for mean particle diameters in the range 1.4 nm to 7 nm. There is a 
strong particle size effect on the catalytic activity of the gold centres supported on titania or carbon for 
oxygen reduction. Loss of activity is observed for very small centres with diameters below 2.5 nm and the 
trend implies that centres below 1 nm are totally inactive. In the case of titania supported Au particles, a 



maximum in oxygen reduction activity is also observed at particle sizes of ca. 3nm. We also shown that 
the electrocatalytic oxidation of CO is promoted on titania supported gold particles, and that the optimum 
particle size for the reaction is ca. 3nm.  

 
COLL 511  

Characterisation and reactivity of novel thin metallic films supported on single crystal electrodes  

Gary A. Attard1, S. Smale1, S. Huxter1, F. Vidal1, A. Al-Akl1, L. Fang1, E. Wright2, and A. Pratt2. (1) 
Department of Chemistry, Cardiff University, PO Box 912, Cardiff CF10 3TB, United Kingdom, 
attard@cardiff.ac.uk, (2) Johnson Matthey Technology Centre  

There has been remarkable progress over the last twenty five years in our understanding of reactivity-
structure relationships in electrocatalytic reactions. This is due in large measure to the invention during 
this period of flame-annealing protocols for generating clean, well-defined single crystal electrodes 
inexpensively and routinely and the introduction of scanning probe microscopies . Both approaches have 
illuminated many controversial aspects of electrocatalysis and together have laid the foundations for 
application of this new knowledge to fundamental understanding in electrocatalysis. In this presentation, a 
fundamental surface science approach will be used to try to understand electrocatalytic behaviour in a 
series of novel thin alloy films supported on single crystal electrodes. CO and HCOOH acid 
electrooxidation will be discussed together with some other reactions of relevance to fuel cell applications.  
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COLL 512  

Oxidation of carbon monoxide, formic acid and methanol on platinum: A hardy perennial  

Angel Cuesta, María del Carmen Pérez, Alejandro Rincón, and Claudio Gutiérrez, Departamento de 
Química Física de Interfases y Electroquímica, Instituto de Química Física "Rocasolano", CSIC, C. 
Serrano, 119, E-28006, Madrid, Spain, Fax: +34-91-5642431, a.cuesta@iqfr.csic.es  

The fact that, despite the enormous amount of work accumulated during several decades, the oxidation of 
methanol, formic acid and carbon monoxide on platinum electrodes is still a very active area of research, 
is a clear indication that what remains unknown is still much more than what we know. In this 
communication, we will first review the work in our laboratories regarding CO oxidation on polycrystalline 
and single-crystal platinum electrodes, paying special attention to the so-called pre-peak or pre-ignition 
region, where, in some cases, diffusion-limited oxidation of dissolved CO can be achieved in the 
presence of a saturated, or nearly saturated, CO adlayer. Recent results regarding the dependence of the 
CO coverage on the electrode potential and the CO concentration will also be discussed. The second part 
of the talk will deal with recent work from our laboratories regarding the oxidation of formic acid and 
methanol on chemically modified Pt(111) electrodes, which, for example, has yielded relevant information 
regarding the smallest atomic ensemble necessary for methanol dehydrogenation on platinum electrodes. 
Finally, some of the still many open questions will be discussed, such as the mobility of CO adsorbed on 
platinum, or the complex (multiple path, rather than dual path) oxidation mechanism of molecules as 
simple as formic acid and methanol.  

 
COLL 513  



Electroanalysis for electrocatalysis: What can we learn?  

R. J. Behm, Z. Jusys, M. Heinen, Y-X. Chen, and L. Colmenares, University of Ulm, D-89069 Ulm, 
Germany, juergen.behm@uni-ulm.de, zenonas.jusys@uni-ulm.de  

Kinetic and mechanistic model studies of electrocatalytic low-temperature fuel cell reactions depend 
crucially on a controlled mass transport to/from the electrode. Moreover, complex electrocatalytic 
processes often consist of reaction networks. In this situation electrochemical methods alone are not 
sufficient to discriminate between individual reaction pathways. Therefore, successful studies of fuel cell 
related electrocatalytic processes aim at the application of additional in-situ physico-chemical probes 
under well-defined reaction conditions (continuous reaction and mass transport, elevated temperatures, 
realistic catalysts). To achieve these goals a dual thin-layer flow-cell - a versatile multipurpose interface 
for novel hyphenated electroanalytical techniques in electrocatalysis - was designed and applied for 
studying fuel cell relevant reactions in various configurations, namely: double electrode electrochemistry 
(EC-EC), quartz crystal microbalance/mass spectrometry (EC-QCMB-MS), electrochemistry/mass 
spectrometry (EC-MS), and infrared reflection absorption spectroscopy/electrochemistry-mass 
spectrometry (EC-IRRAS-MS). The versatility of the interface allows to easily modify the set-up and adopt 
its configuration to specific needs, providing quantitative information on the adsorbed species and the 
product yields during important electrocatalytic processes occuring at the anode (hydrogen/CO oxidation, 
“air bleed” operation, formic acid, methanol oxidation) or at the cathode (oxygen reduction, mixed-
potential, methanol tolerance) catalysts. The wealth of information accessible from these complementing 
techniques is demonstrated for the electrooxidation of CO and small organic molecules on Pt thin-film 
electrodes, and the activity and selectivity of CO-poisoned Pt/C catalysts, and of a series of methanol-
tolerant RuSe/C catalysts in the oxygen reduction reaction. Product formation rates can be correlated with 
the nature and concentration of the adsorbed species (or surface composition), which allows a 
quantitative kinetic description of electrocatalytic reactions including different reaction pathways.  

 
COLL 514  

Novel nanodispersed early transition oxide catalysts on mesoporous silica  

Charles H. F. Peden, Jose E. Herrera, Ja Hun Kwak, Jianzhi Hu, Xiaoyan She, and Yong Wang, 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  

Supported transition metal oxides (TMOs) are among the most important family of catalysts used in the 
chemical and petroleum industries, with applications for that include polymerization, selective oxidation, 
oxidative dehydrogenation, isomerization, metathesis, and selective catalytic reduction. This wide range 
of useful chemistry is a reflection of the equally wide range of variability in the chemical and physical 
properties of this important class of catalytic materials. Especially interesting for the supported systems is 
that the oxide species can adopt a variety of surface structures that are strongly dependent on the sample 
preparation, such as the metal oxide precursor, the loading amount of the oxide, and the thermal history 
of these materials. In order to reduce the complexity of TMO catalysts to levels addressable and 
controllable at the atomic level, we are using newly developed methods for the preparation of tungsten, 
vanadium, titanium and molybdenum oxide catalyst supported on mesoporous silica, with emphasis on 
the importance of synthesis conditions on dispersion, structure and activity of the resulting materials. We 
use a suite of complementary techniques such as DRS UV/Vis, BET, 1H NMR, XRD, UV-Raman, and 
TEM to study the structural properties of the supported metal oxides, and probe reactions such as 2-
butanol dehydration and ethanol partial oxidation to demonstrate the potential advantages of the newly 
synthesized catalysts.  

 
COLL 515  



The E2V story: Novel catalysts enable the Dow ethane-to-vinyl process  

Mark E. Jones, Hydrocarbons and Energy R&D / Basic Plastics and Chemicals R&D, The Dow Chemical 
Company, 2020 Dow Center, Midland, MI 48674, Fax: 989-6389615, Daniel A. Hickman, Engineering 
Sciences, The Dow Chemical Company, 1776 Building, Midland, MI 48674, and Michael M. Olken, 
Inorganic Chemistry and Catalysis Laboratory, The Dow Chemical Company  

Lanthanum oxychloride provides a means to produce a catalyst capable of converting ethane to a mixture 
of ethylene and vinyl chloride. Under the same conditions, the catalyst also converts ethylene to vinyl 
chloride with high selectivity. Bulk lanthanum oxychloride suitable for use in a fluidized bed reactor was 
developed and tested. Under reaction conditions, this material is transformed into lanthanum trichloride, 
the active catalytic species. Use of bulk metal chlorides as catalysts and their use in oxidative chemistry 
are both novel.  

 
COLL 516  

Selective catalytic reduction of NOx over Ag/Al2O3 catalyst by hydrocarbons  

Hong He, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, 18 
Shuangqing Road, Haidian, Beijing, 100085, China, China, honghe@rcees.ac.cn  

Our resent research works on the selective catalytic reduction (SCR) of diesel engine NOx by 
hydrocarbons over alumina-supported silver (Ag/Al2O3) were reviewed. A novel enolic species originating 
from the partial oxidation of C2H5OH and C3H6, was found on the surface of Ag/Al2O3 during the SCR 
of NOx by in situ DRIFTS, which was also supported by DFT calculations. Based on this, a mechanism of 
the NOx reduction was proposed, which can successfully explain the high efficiency of the NOx reduction 
by C2H5OH over Ag/Al2O3. Attention was particularly focused on the mechanistic difference in the SCR 
of NOx with different reductants over Ag/Al2O3, and on the influence of SO2 on the SCR of NOx with 
different reductants over Ag/Al2O3. In conclusion, the C2H5OH-SCR of NOx over Ag/Al2O3 catalyst is a 
kind of potential technology for cleaning NOx in various oxygen-rich exhausts of diesel engine and lean 
burn gasoline engine.  

 
COLL 517  

Role of mono-atomic steps in catalytic reactions  

Ib Chorkendorff, Center for Independent Nanoparticle Functionality, Technical University of Denmark, 
Building 312, DK-2800 Lyngby, Denmark, Fax: + 45 45 23 93 99, ibchork@fysik.dtu.dk  

It has been proven that in the case of nitrogen dissociation mono-atomic steps (B5-sites) on Ruthenium 
are more than nine orders more reactive than the terrace sites, thus completely ruling the nature of for 
example the ammonia synthesis. The question is to what extent this is also the case for a number of other 
large scale processes, where simple molecules are participating. We have undertaken a number of 
studies investigating the apparent rate-limiting steps of both the steam reforming and the methanation 
process and measured the influence of the presence of the so-called B5 sites on both Nickel and 
Ruthenium single crystals. The effect on the methane is modest while the CO dissociation is again a 
matter of all or none reactivity. These effects have also been investigated under more realistic conditions 
(Nickel nanoparticles and Ruthenium single crystals at 1 bar pressure) and the possible reaction 
pathways will be discussed.  



 
COLL 518  

Reactivity of oxygen adatoms on gold single crystal surfaces  

Jooho Kim, Department of Chemistry, Lehigh University, 6 E. Packer Ave., Bethlehem, PA 18015, Fax: 
610-758-6555, joohoky@yahoo.com, Dennis Syomin, WIG Central Marketing, KLA-Tencor Corporation, 
Enrique C Samano, CCMC-UNAM, and Bruce E. Koel, Department of Chemistry and CAMN, Lehigh 
University  

Gold nanoparticles supported on reducible metal oxides have a high catalytic activity for CO oxidation at 
low temperatures, and there is great interest in further developing such catalysts and extending the utility 
of these catalysts for a wide range of selective hydrocarbon oxidation reactions. One aspect of improving 
our fundamental understanding of these reactions is further investigations of the reactivity of oxygen 
adatoms on well-defined gold surfaces. Oxygen adatoms on Au single crystal surfaces were generated 
cleanly under UHV conditions by exposure to ozone. Reactivity of this oxygen was probed with CO and 
several alkene oxidation reactions. Oxygen adatoms on a stepped Au(211) surface readily oxidize CO at 
85 – 450 K, with an apparent activation energy of –7 kJ/mol. This is similar to that on flat Au(111) 
surfaces. In addition, infrared reflection-absorption spectroscopy (IRAS) identified CO species adsorbed 
on the O-precovered Au(211) surface that indicate the existence of positively charged Au sites, even on 
this bulk Au sample. In other studies, oxygen adatoms on Au(111) show a high activity for alkene 
oxidation. Reaction of propene, 1-butene, and 2,3-dimethyl-2-butene on this surface mainly produced 
CO2, H2O and epoxides at low temperature.  

 
COLL 519  

Selective chemistry on metal surfaces: Stereoselection on Pt(111) and metathesis on Mo2C  

Peter H. McBreen, Département de Chimie, Université Laval, Québec, QC G1K 7P4, Canada, Fax: 
4196567916, peter.mcbreen@chm.ulaval.ca  

Approaches for inducing selectivity in catalytic reactions at surfaces will be described using the examples 
of asymmetric hydrogenation on Pt and olefin-metathesis on Mo2C. The enantioselective hydrogenation 
of activated ketones on chirally-modified supported Pt is known as the Orito reaction. Enantioselection 
arises from the adsorption geometry and the substrate activation imposed by the combined chiral-
modifier/substrate/metal surface interaction. Surface science measurements reveal the set of chemical 
forces leading to the formation of activated prochiral complexes. Olefin-metathesis on surfaces requires 
the presence of alkylidene initiator sites. However, metal surfaces tend to form high-coordination surface 
complexes rather than structures involving multiple bonds to single surface atoms. We will present results 
showing that the carburization of molybdenum leads to the single-site surface chemistry required to carry 
out a range of metathesis reactions.  

 
COLL 520  

Thermal and radiation induced chemistry of water on UO2 surfaces  

Mark T. Paffett, MST Division, Los Alamos National Laboratory, MS G770, Los Alamos, NM 87545, Fax: 
505-665-4631, mtp@lanl.gov, J. Stultz, and S. A. Joyce, Chemistry Division, LANL  

Safe disposition of nuclear materials involve storage in containers where the evolution of gases from 
reactions of adsorbed water could present both pressure and flammability hazards. To assess the relative 



importance of the thermal- and radiation-induced chemistry, the interactions of water on single crystals of 
uranium dioxide have been studied using temperature programmed desorption and electron stimulated 
desorption (ESD). In the absence of radiation, water adsorbs/desorbs molecularly on oxide surfaces with 
a binding energy of only a few kcal/mole greater than multi-layer water. ESD has been used to simulate 
the effects of radiolytic chemistry induced by decay particles. The principle neutral gaseous radiolytic 
products are H2, O2, and water with relative yields strongly dependent on temperature, coverage and 
surface defects. ESD of ions, which are often sensitive to minority species, indicates that surface 
hydroxyls, presumably formed at defects, are stable up to modest temperatures (~ 600K) and that water 
adsorbs dissociatively at defect sites, leading to hydrogen gas formation upon annealing.  

 
COLL 521  

Adsorption-activated nanovalve  

John L. Falconer1, Miao Yu1, and Richard D. Noble2. (1) Department of Chemical and Biological 
Engineering, University of Colorado at Boulder, Boulder, CO 80309-0424, Fax: 303-492-4341, 
john.falconer@colorado.edu, (2) Department of Chemical and Biological Engineering, University of 
Colorado, Boulder  

A polycrystalline MFI zeolite layer, which was prepared with two types of pores, behaves as a adsorption-
activated and chemically-specific nanometer-sized valve. The layer consists of zeolite crystals with ~0.6 
nm zeolite pores and larger pores (0.6 – 4 nm) that are the spaces between the crystals. Most gas and 
liquid flow is through these larger pores, which reversibly close and open due to adsorption in and 
desorption from the zeolite pores, respectively. The valve closing is chemically specific and highly 
sensitive: 0.2% n-hexane, which adsorbs in the 0.6-nm zeolite pores, expands the zeolite crystals and 
this expansion shrinks the larger pores. Thus, n-hexane decreased the flow of 2,2-dimethylbutane, a 
molecule that could only fit into the larger pores, by 2 orders of magnitude. In contrast benzene, which 
also adsorbs in the zeolite pores, had a negligible effect on the larger pores, even at high concentrations. 
A combination of vapor- and liquid-feed permeation measurements, for both single components and 
binary mixtures, clearly demonstrate this behavior.  

 
COLL 522  

Formation mechanism of crystal nitrate and sulfate salts in coarse and fine particulate matter in 
the atmosphere  

Najat A. Saliba, Hovig Kouyoumdjian, and Ghada Al Kadamany, Chemistry, American University of 
Beirut, P.O.Box 11-0236 Riad El Solh, Beirut 1107-2020, Lebanon, Fax: 011-961-1-365217, 
ns30@aub.edu.lb  

Sea salt and mineral dust react with sulfuric and nitric acids in the atmosphere. Ca(NO3)2, act as an 
efficient cloud condensation nuclei, and hygroscopic sulfate imply an aqueous phase chemistry. Given 
the influence of the aerosol composition on homogeneous and heterogeneous reactions, it is vital to 
understand the chemical and physical changes of atmospheric aerosols formed from Saharan dust and 
anthropogenic pollutants. Hence, aerosol nitrates and sulfates were determined using ATR-FTIR and IC. 
Chloride, nitrate and sulfate ions in the coarse filter are due to the prevalence of calcium carbonate and 
nitric or sulfuric acid reactions, whereas ammonium sulfate predominated in the fine filters. CaCO3 and 
Ca(NO3)2 were crystallized in coarse modes but were more water soluble in fine modes implying different 
growth mechanism. Also, organics affected the adsorption geometries and the reactivity of sulfates. This 
study constitutes a reference for Mediterranean transport models and local policy makers.  



 
COLL 523  

Oxidation of organic films by beams of hydroxyl radicals  

Barney Ellison, Dept. of Chemistry & Biochemistry, University of Colorado, University of Colorado 
Department of Chemistry and Biochemistry, Boulder, CO 803090-0215, barney@jila.colorado.edu  

We have studied the oxidation of self-assembled monolayers (SAM) of alkanes and alkenes with a 
thermal beam of OH radicals. The target films are produced by bonding alkane thiols and alkene thiols to 
a gold surface and the SAMs are mounted in a vacuum chamber at a base pressure of 10(-9) Torr. 
Hydroxyl radicals are produced by a corona discharge of a H2O/water mixture. The resultant beam is 
scanned by an electrostatic hexapole and the OH radicals are focused into the target SAM. We are able 
to produce CW beams of OH radicals with a flux of approximately 2 (± 1) x 10(12) OH radicals sec-1. We 
have employed reflection/absorption infrared spectroscopy (RAIRS) to monitor the reactivity of OH with 
an alkane and an alkene. RAIRS demonstrates that 3 min. dosing of an octane thiol SAM with OH 
radicals completely destroys the CH3– groups at the surface. Oxidation of the undec-1-enethiol 
(HS(CH2)9HC=CH2) SAM using the calibrated OH radical source consumes the terminal alkene, 
CH2=CH–, within 3 minutes.  

 
COLL 524  

Utilizing surface enzyme chemistry and nanoparticles to detect surface bioaffinity interactions  

Robert M. Corn, Hye Jin Lee, and Alastair Wark, Department of Chemistry, University of California-Irvine, 
Irvine, CA 92697-2025, Fax: (949) 824-8571, rcorn@uci.edu  

This talk will describe our recent work on the coupling of surface enzyme chemistries, functionalized gold 
nanoparticles and bioaffinity interactions on surfaces for the creation of multiplexed biosensors with 
enhanced selectivity and sensitivity. The surface sensitive techniques of surface plasmon resonance 
imaging and surface plasmon fluorescence spectroscopy are used to detect the surface enzymatic 
transformations in real time. Specific examples include the ultrasensitive detection of protein adsorption 
with RNA aptamer microarrays, enzymatically amplified nucleic acid detection and SNP genotyping, and 
micro RNA (miRNA) detection and profiling from biological samples.  

 
COLL 525  

Growth of metal nanostructures on templates of RNA-aptamer catalysts formed by scanned probe 
nanolithography (SPN)  

Sungwook Chung1, John V. LaTour1, Sang Soo Hah1, Ted M. Tarasow1, James J. De Yoreo1, Lina A. 
Gugliotti2, Daniel L Feldheim2, and Bruce E. Eaton3. (1) Chemistry, Materials and Life Sciences 
Directorate, Lawrence Livermore National Laboratory, 7000 East Ave., L-233, Livermore, CA 94551, 
chung20@llnl.gov, (2) Department of Chemistry, North Carolina State University, (3) Department of 
Chemistry and Biochemistry, University of Colorado  

Directing the organization of nanomaterials at surfaces is a fundamental challenge of nanoscience. 
Combining self-assembly with lithography in which chemical patterns serve as templates to define the 
locations of nanoparticle attachment has been explored as one potential solution. But to be generally 
applicable to multi-component systems, this approach requires appropriate surface chemistries together 
with a variety of linker molecules that can be used selectively template a wide range of materials. 



Moreover, these compounds must be amenable to nanoscale patterning on surfaces in a functional state. 
Recently, RNA molecules were demonstrated as catalysts for synthesis of metal nanoparticles and can, in 
principle, also be used to synthesize semiconductors. Moreover, they are known to bind target 
biomolecules with high selectivity. Consequently they represent a single template chemistry for creating 
architectures that integrate metal, semiconductor and biomolecular components. Here we report results 
using SPN to create patterns of RNA molecules that serve as catalytic biochemical templates for the 
growth of Pd nanoparticles. We have used in vitro selection to isolate and amplify RNA sequences that 
catalyze the growth of Pd. Two pyridyl-modified RNA sequences (Pdase) were used to form hexagonal 
and cubic Pd nanoparticles using the organometallic precursor Pd2(DBA)3. Atomically flat gold substrates 
coated with self-assembled monolayers (SAMs) of poly(ethylene glycol) (PEG) terminated alkyl thiols 
were patterned with maleimide terminated alkyl thiols using SPN. These patterns had feature sizes 
ranging from 10 - 1000 nm and provided binding sites for the 5' thiol group of the RNA catalysts (5'-GIMP-
Pdases). The growth of Pd nanoparticles at these templates was then investigated using AFM. Based on 
these results, we discuss the possible mechanisms by which RNA template direct nanoparticle growth. 
This work was performed under the auspices of the U.S. Department of Energy by University of 
California, Lawrence Livermore National Laboratory under Contract No. W-7405-Eng-48.  

 
COLL 526  

Renewable bioelectronic interfaces for biosensor applications  

Brian L. Hassler1, Neeraj Kohli2, Ilsoon Lee2, and R. Mark Worden2. (1) Chemical Engineering and 
Materials Science, Michigan State University, 2527 Engineering Building, East Lansing, MI 48823, 
hasslerb@egr.msu.edu, (2) Department of Chemical Engineering and Materials Science, Michigan State 
University  

Bioelectronic interfaces that establish electrical communication between redox enzymes and electrodes 
have potential applications as biosensors, biocatalytic reactors, and biological fuel cells. We have 
fabricated a versatile new platform for the development of bioelectronic interface in which the interface is 
bound to the electrode's surface using ionic interactions involving a weak polyelectrolyte (e.g., 
polyehtylenimine). Reducing pH causes the protination of the surface bound carboxylic acid group, 
decreasing the electrostatic interaction between the PEI and the interface, and as a result releasing the 
enzyme-modified polyelectrolyte. By neutralizing the pH, the surface bound carboxylic acids become 
protinated and the bioelectronic interface can be reabsorbed. The readsorbed interface exhibited a 
constant surface coverage, electron transfer coefficient, and turnover rate as the original layer. Secondary 
alcohol dehydrogenase and sorbitol dehydrogenase were absorbed onto the bioelectronic interface 
through affinity binding with the cofactor. Cyclic voltammetry, chronoamperometry, constant potential 
amperometry, electrochemical impedance spectroscopy, quartz crystal microbalance, and Fourier 
transform infrared spectroscopy were used to characterize the bioelectronic interfaces. The ability to 
readsorb the bioelectronic interface reduces the unit cost for bioelectronic interface fabrication.  

 
COLL 527  

Surface plasmon resonance compatible carbon thin films  

Matthew R Lockett1, Margaret F Phillips1, Michael R Shortreed1, Stephen C Weibel2, and Lloyd M 
Smith1. (1) Department of Chemistry, University of Wisconsin-Madison, 1101 University Avenue, 
Madison, WI 53706, mlockett@chem.wisc.edu, (2) GWC Technologies  

Surface plasmon resonance (SPR) imaging has demonstrated its ability to monitor interactions between 
biological moieties in real-time, without the aid of chemical labels such as fluorophores and radioisotopes. 
Currently gold surfaces modified with alkane thiol monolayers are used to monitor interactions via SPR; 



gold is the preferred substrate material due to the well understood chemistry. A current limitation is that 
these surfaces cannot be used to create high-density microarrays using UV-photolithographic methods. 
Thus the fabrication of a substrate that is both SPR and chemically robust is necessary to create a usable 
surface for label-free detection means in highly-parallel and multiplexed experiments; relied upon in areas 
such as genomics, proteomics, and drug discovery. The increased stability of carbon-based substrates, 
over extended periods of time and under harsh chemical conditions, makes them an ideal surface for 
microarray fabrication.  

 
COLL 528  

Thermodynamical analysis of the gold surface recognition by a gold binding peptide  

Urartu O S Seker1, Brandon Ruf Wilson2, Candan Tamerler1, and Mehmet Sarikaya2. (1) Molecular 
Biology Genetics and Biology, Istanbul Technical University, ITU Ayazaga Kampusu Fen Edebiyat 
Fakultesi, Istanbul 34469, Turkey, Fax: +90 212 286 2253, urartu@u.washington.edu, (2) Materials 
Science and Engineering, University of Washington  

Inorganic binding peptides have been screened and selected using combinatorial biology techniques. The 
binding thermodynamics of a 14 aa (MHGKTQATSGTIQS) gold binding peptide (GBP) has been studied 
in this work. The effect of the increasing repeats on binding of the GBP has been studied using a 
temperature controlled SPR at the following temperatures: 10 °C, 25 °C, 45 °C, and 55 °C. The data was 
fitted to a biexponential modified Langmuir adsorption model, and using the van't Hoff equation it was 
found that for 1RGBP, DH1ads=-5.09 kcal/mol, DH2ads=-1.84 kcal/mol and DS1ads=10.76 cal/mol.K. 
DS2ads=20.60 cal/mol.K abd for 3R GBP, DH1ads=-22±3 kcal/mol, DH2ads=-13.3±3 kcal/mol and a 
DS1ads=-42.2±8.5 cal/mol.K, DS2ads=-17.3±4.6 cal/mol.K. Comparing the adsorption entropy changes 
regarding the increasing repeats one can conclude that the adsorption of the GBP is depended on the 
number of the repeats of the peptide.  

 

 
COLL 529  

Functionalization and characterization of amorphous carbon thin film for real-time biosensing 
with high chemical stability  

Bin Sun1, JD. Beck2, Paula Colavita1, Heesuk Kim1, Matthew R Lockett2, Matthew S. Marcus2, Lloyd M 
Smith3, and Robert J. Hamers4. (1) Department of Chemistry, University of Wisconsin at Madison, 1101 
University Ave, Madison, WI 53706, binsun@wisc.edu, (2) Department of Chemistry, University of 
Wisconsin-Madison, (3) Chemistry Department, University of Wisconsin - Madison, (4) Department of 
Chemistry, University of Wisconsin - Madison  

Recent work has shown that diamond thin films can be used as an extremely stable platform for biological 
immobilization and detection via optical and electronic means. However, the high temperatures involved 
in processing of diamond limit its integration with many other materials. In this paper, we report 
investigations of amorphous carbon films as a substrate for biological surface science and biosensing. 
Amorphous carbon films deposited onto substrates at room temperature were functionalized with organic 
alkenes bearing protected amine groups. The surface functionalization process was characterized by x-



ray photoelectron spectroscopy, infrared reflection-absorption spectroscopy, and fluorescence 
techniques. After deprotection, the functionalized carbon surfaces were covalently linked to DNA 
oligonucleotides. Measurements show very high selectivity for the complementary sequence and a high 
density of hybridizing DNA molecules. Stability measurements show the ability to withstand many 
repeated cycles of hybridization and denaturation in urea with no detectable loss of sensitivity or 
selectivity.  

We demonstrate one application of this high stability to real-time biological detection by coating quartz 
crystal microbalance (QCM) crystals with a thin carbon film and covalently functionalizing with DNA. 
Measurements of the resonance frequency show the ability to detect DNA hybridization in real time, with 
a high degree of reversibility in multiple trials. We also demonstrate the ability to detect antibody-antigen 
interactions. Our results demonstrate that amorphous carbon coatings can be provide an extremely stable 
and easily processes material to use as a platform for biological surface science and biosensing.  

 
COLL 530  

Virus-assembled metallodielectric plasmonic materials  

Bogdan Dragnea, Department of Chemistry, Indiana University, 800 E. Kirkwood Ave, Bloomington, IN 
47405-7102, dragnea@indiana.edu  

Metamaterials have optical (or more general, electromagnetic) properties determined by their organized 
structure rather than inherited directly from the material properties of individual subunits1. 
Metallodielectric metamaterials are composed of resonant metal inclusions in a dielectric matrix and have 
subwavelength lattice periods. The optical response of metallodielectrics is intensely studied at present 
because of their freedom of design and promise for novel properties. Thus, predicted applications include 
better lenses exotic coatings, new lasers and miniaturization of photonic technologies beyond the 
diffraction limit. However, for metallodielectric metamaterials to be useful in the visible range of the 
electromagnetic spectrum, they require extended three-dimensional (3D) structures with lattice constants 
between 10 and 100 nm which are difficult to synthesize with current technologies. I will show here how 
biomimetic self-organization can be employed to combine the natural characteristics of virus capsids with 
the physical properties of inorganic nanoparticles with the goal of obtaining metamaterials with novel 
optical properties. In this endeavor, we are motivated by the idea that the biomimetic approach will bring 
features unavailable in conventional materials fabrication: self-recognition and defect rejection upon 
synthesis, the possibility of lattice engineering using established molecular biology methods, and real-
time switching of the lattice parameter using conformational changes inherent of virus capsids.  

 
COLL 531  

Enhanced fluorescent immunoassay on silver fractal-like structures  

Evgenia G. Matveeva1, Tanya Shtoyko2, I-Fen Chang3, Zygmunt Gryczynski1, and Ignacy Gryczynski3. 
(1) Department of Molecular Biology and Immunology, University of North Texas, Health Science Center, 
3500 Camp Bowie Blvd., Fort Worth, TX 76107, Fax: 817-735-2118, ematveev@hsc.unt.edu, (2) 
Department of Chemistry, The University of Texas at Tyler, (3) Department of Cell Biology and Genetics, 
University of North Texas, Health Science Center  

Silver fractal-like structures have been grown on the surface of glass slides. Then, model immunoassays 
were performed on the slide surface: rabbit IgG (antigen) was non-covalently immobilized on the slide, 
and Rhodamine Red-X labeled anti-rabbit IgG conjugate was bound to the immobilized antigen. 
Fluorescence signal was measured from the glass – fractal surface on a confocal microscope and the 
images were compared to the images from the same surface not coated with fractals. Our results showed 



significant enhancement (up to 100-fold) of the signal detected on fractals compared to bare glass. We 
believe that utilizing of such fractal-like structures will result in improving the assay signals in medical 
diagnostics and imaging.  

 
COLL 532  

Electrochemical study of interfacial enzymatic reactions  

Satish Nayak, Chemistry, University of Chicago, 929 East 57th Street, Chicago, IL 60637, 
snayak@uchicago.edu, and Milan Mrksich, Department of Chemistry and Howard Hughes Medical 
Institute, University of Chicago  

We report a new technique to study the interfacial kinetics of enzymes. The study involved a self-
assembled monolayer that presents 4-hydroxyphenyl valerate. This molecule serves as a substrate for a 
serine esterase, cutinase, and reveals an electroactive hydroquinone product following enzyme action. 
Hence, the reaction kinetics can be monitored in real time with cyclic voltammetry. A model is described 
for the interfacial reaction, which has an appearance of Michaelis-Menten-like equation. The rate of 
reaction was measured as a function of substrate density and the enzyme concentration. It was observed 
that the ratio of kcat and Km obtained from the interfacial reactions were lesser than those from solution 
assay of cutinase, this was attributed to the different Km values for the solution and the interfacial 
reactions. This technique of using SAM and cyclic voltammetry has an inherent advantage of measuring 
the surface density of the substrate in situ while determining the rate of reaction. This model system can 
be used to study broad range of biochemical activities wherein enzymes act on lipid-tethered substrates.  

 
COLL 533  

Identification of metastatic subpopulations of breast cancer progenitor cells using gold nanorod 
probes  

Chenxu Yu1, Harikrishna Nakshatri2, and Joseph Irudayaraj1. (1) Agricultural and biological engineering, 
Purdue University, 225 S. University ST, west lafayette, IN 47906, chenxuyu71@gmail.com, 
josephi@purdue.edu, (2) Indiana University Medical School  

A multiplex assay of cell surface markers (CD44, CD24, CXCR4, CTGF, ST2) to identify and characterize 
CD44+CD24- cells, a invasive/metastatic subpopulation of breast cancer progenitor cells, was developed 
using gold nanorod probes (GNrPs) with different aspect ratios. Five cell lines (MDA-MB-231, MDA-MB-
436, Hs578T, SUM1315 and HBL-100) were found to contain significant percentage (>30%) of 
CD44+/CD24- subpopulation. The state of these surface biomarkers during the course of therapy 
administration was monitored by tracking the changes in binding affinity of GNrPs to these surface 
markers. Binding affinity between cell surface markers and GNrPs was evaluated by fitting the 
experimental data to a diffusion-controlled kinetics model of free-floating GNrPs binding to surface-bound 
targets. Visualization and imaging of GNrPs was achieved using dark field microscopy and single 
CD44+CD24- cell was identified in a population. It was demonstrated that GNrP-based assay could 
become a powerful tool for identification and characterization of the invasive subpopulation of breast 
cancer progenitor cells.  

 
COLL 534  

Separation of PCR products using alkane-tagged primers in micellar electrokinetic 
chromatography  



Shane T. Grosser, Jeffrey M. Savard, and James W. Schneider, Department of Chemical Engineering, 
Carnegie Mellon University, 700 Technology Dr, PTC 4309, Pittsburgh, PA 15219, Fax: 412-268-9807, 
sgrosser@andrew.cmu.edu  

End-labeled, free-solution electrophoresis (ELFSE) is a promising method to separate and identify DNA 
targets in a gel-free context for various biosensing applications. The method is predicated upon breaking 
the charge-to-friction symmetry of heterogeneous populations of DNA oligomers by attachment of 
uncharged macromolecules to the chain terminus. Here, we demonstrated that micelles can be used for 
this purpose when alkanes are covalently attached to PCR primers. We have developed a 
hydrophobically modified DNA oligomer comprised of an 18 carbon aliphatic chain end-attached to a PCR 
primer creating a DNA amphiphile (DNAA). The presence of the alkane group promotes DNA/micelle 
interaction in micellar electrokinetic chromatography (MEKC). MEKC is an operational mode of capillary 
electrophoresis in which surfactant micelles are added to the running buffer and separation of analytes is 
dependant on both the intrinsic electrophoretic mobility of the analyte and its interaction with the micellar 
pseudostationary phase. Here, we demonstrate the ability to separate single stranded DNAA with a 
varying chain length following primer extension in PCR. We find that the overall migration velocity is 
established by the oligomer length, the length of aliphatic chain attached to the primer, and the micelle 
concentration. Analysis of elution time for an unknown peak reveals the molecular weight or number of 
bases of the component in question, with baseline resolution for oligomers exceeding 1000 bases in 
length. Multiplexed PCR products can also be analyzed by matching specific primers to a particular 
alkane chain length. Finally, we show that partitioning of double-stranded PCR products is possible, and 
demonstrates a substantial degree of partitioning, likely due to the increased hydrophobic exposures of 
the terminal alkane chain.  

 
COLL 535  

An in-situ spectroscopic ellipsometry study of the effects of potential on fibrinogen/thrombin  

Marlon L. Walker1, John T Elliot2, and Vytautas Reipa2. (1) Surface and Microanalysis Science Division, 
National Institute of Standards and Technology, 108 Bureau Drive, Stop 8372, Gaithersburg, MD 20899, 
Fax: 301-926-6689, Marlon.Walker@NIST.GOV, (2) Biochemical Science Division, National Institute of 
Standards and Technology  

An essential reaction in the coagulation cascade of blood involves the action of thrombin on fibrinogen, 
inducing the formation of fibrin. Previous research has suggested a reduction of the fibrinogen disulfide 
bond in the electrochemical environment, thus simulating thrombin activity. We have examined the 
relationship between adsorption of fibrinogen onto metal electrodes and the state of the adsorbed 
fibrinogen as a function of the electrode potential. Using in-situ spectroscopic ellipsometry 
measurements, we were able to follow disulfide reduction of the fibrinogen on a Au electrode and the 
interactions of the adsorbed layer with thrombin as a function of the electrode potential. Optical 
measurements under potential control allow valuable insight into protein-protein interactions such as 
those involved in clotting.  

 
COLL 536  

Functionalized core-shell nanoparticles as optical probes for chemical imaging  

Alexandria Anderson, Daniel Finley, Matthew Holt, Candace Thompson, Christopher J. A. Daley, and 
Steven R. Emory, Department of Chemistry, Western Washington University, 516 High Street, 
Bellingham, WA 98225, semory@chem.wwu.edu  



Many disease states are caused by the abnormal chemical environments at the cellular and sub-cellular 
levels. Current fluorescence-based technologies are often hindered by low sensitivity and specificity to 
environmental conditions. In addition, high dye loading levels invariably perturb the system under study. 
Building on recent advances in surface-enhanced Raman scattering (SERS) and nanoparticle synthesis, 
we have designed a new class of multifunctional optical probe platforms. Quantitative analyte imaging is 
accomplished by conjugating analyte-specific reporter ligands to SERS-active Au-coated silica 
nanoparticles. These optical nanoprobes are used to determine analyte concentrations by ratiometrically 
analyzing the SERS peaks of the surface-conjugated reporter ligands. To demonstrate and examine the 
underlying principles of this strategy, nanoprobes have been designed to determine the intracellular 
concentrations of small metabolic species that play critical roles in cellular signaling and homeostasis.  

 
COLL 537  

Metal-enhanced fluorescence in metal-core silica-shell nanoparticles  

Mathieu L. Viger, Olivier Dupont-Therrien, and Denis Boudreau, Department of Chemistry and Centre 
d’optique, photonique et laser (COPL), Université Laval, Québec City, QC G1K 7P4, Canada, Fax: (418) 
656-7916, mathieu.lessard-viger.1@ulaval.ca  

Dye-doped nanoparticles have distinct advantages over traditionally used dye molecules, including high 
signal amplification, increased chemical- and photostability, low toxicity, and ease of conjugation to target 
biomolecules. In this work, we report the use of metal cores to enhance fluorescence of fluorescein-
labeled silica nanoparticles. This phenomenon, termed Metal-Enhanced Fluorescence, is based on 
interactions of the fluorophore with the free electrons in the metal responsible of the so-called plasmon 
absorption, which in turn can increase the local field and modify the rate of excitation, enhance the 
emissive rates, and decrease the lifetimes of excited states. We studied and compared the effect of 
labelling on the spectroscopic properties (absorption and fluorescence spectra, photostability, anisotropy, 
and fluorescence lifetimes) of fluorescein silica-coated silver and gold nanoparticles, and fluorescein-
doped silica nanoparticles prepared in w/o microemulsions.  

 
COLL 538  

Immobilization of siloxane elastomer on GaAs surfaces using dopamine-treated MPt (M = Fe, Ni) 
nanoparticles as crosslinkers  

Albena Ivanisevic1, Hyon Min Song1, and Peide Ye2. (1) Biomedical Engineering and Chemistry, 
Purdue University, West Lafayette, IN 47907, Fax: 765-494-0239, albena@purdue.edu, 
song4@purdue.edu, (2) School of Electrical and Computer Engineering, Purdue University  

Stepwise modification of GaAs surfaces doped with 160 Å Al2O3 was performed to make the covalent 
linkage to siloxane elastomers. MPt (M = Fe, Ni) nanoparticles were synthesized from M(acac)2 (acac : 
acetylacetonate) and PtCl4 at the refluxing temperature of nonadecane. Both of the nanoparticles show 
cubic structures with a = 3.882 Å (FePt) and 3.749 Å (NiPt). The dihydroxy group in the dopamine 
compound is used to attach the nanosized surfaces between Al2O3 and MPt nanoparticles. The allyl 
functional group on the other part of modified dopamine can be covalently linked to siloxane backbones 
via hydrosilation reaction with the platinum catalyst. MPt nanoparticles in this case can act as the 
crosslinker with free movement on GaAs surfaces until all the siloxane backbones are crosslinked to be 
the elastomers. Each covalent bond is identified with X-ray Photoelectron Spectroscopy (XPS) and 
Fourier transform - infrared reflection absorption spectroscopy (FT-IRRAS). Density of MPt nanoparticles 
are critical on the elastomeric behavior of siloxanes as the Si-H bonding is responsible for the crosslinking 
of siloxanes with MPt nanoparticles. This study shows that the density of siloxane elastomers on GaAs 
surfaces can be controlled with ferromagnetic nanoparticles.  



 
COLL 539  

Reactivity of TiO2 nanotubes toward oxygen and alkane adsorption: Structure activity relationship  

S. Funk1, B. Hokkanen1, T. Nurkic1, U. Burghaus1, A. Ghicov2, P. Schmuki2, and L Saraf3. (1) North 
Dakota State University, Fargo, ND 58105, Fax: 701-231-8831, uwe.burghaus@ndsu.edu, (2) University 
of Erlangen-Nuernberg (Germany), (3) Pacific Northwest National Laboratory  

We present TDS data of n/iso-butane, O2, CO2, and CO adsorbed on ordered TiO2 nanotube arrays 
produced by electrochemical anodization. The as grown tubes are vertically aligned and amorphous with 
a diameter of 100 nm and a length of 1 µm. Polycrystalline anatase or anatase/rutile mixed nanotubes 
form by annealing according to XRD and SEM. Interestingly, oxygen distinctly interacts with the 
amorphous nanotubes whereas this process is not observed on fully oxidized single crystal rutile 
TiO2(110). Molecularly bonded oxygen desorbs at 120K; a weak feature at 200K associated with 
dissociative adsorption also has been observed. Desorption temperatures of 110-150K and 100-120K 
were present for CO2 and CO, respectively, on the amorphous system. Variations in the binding energies 
(34-40kJ/mol) of the alkanes, adsorbed on three different nanotube systems, were also present. The 
nanotube data will be compared with results of anatase TiO2(001) films grown on SrTiO3.  

 
COLL 540  

Solubility in novel mixed monolayer protected nanoparticles  

Suelin Chen, Alicia M. Jackson, Oktay Uzun, and Francesco Stellacci, Department of Materials Science 
and Engineering, MIT, Room 13-4069, 77 Massachusetts Avenue, Cambridge, MA 02139, 
suelin@mit.edu  

We will show that when mixed self-assembled monolayer (SAMs) are assembled on gold nanoparticles, 
they spontaneously phase-separate into highly ordered phases of unprecedented size. In the specific 
case of mixed SAMs formed on the surface of gold nanoparticles, the molecular ligands separate into 5 Å 
wide phases of alternating composition that encircle or spiral around the particle metallic core. This new 
family of nano-structured nano-materials shows new properties solely due to this novel and unique 
morphology. For example, the particles' solubility depends on the ratio between the dimensions of the 
phases and that of the solvent molecules. We have found that gold nanoparticles protected by a mixture 
of mercaptoundecasulfonic acid and octanethiol in a 2:1 ratio have unprecedented solublility in aqueous 
environments. Preliminary tests have shown that these nanoparticles are readily endocytosed by dendritic 
cells. Systematic studies to understand the solubility of these particles will be presented.  

 
COLL 541  

Synthesis and application of fluoroalkyl end-capped oligomers/silica  

Hiroshi Kakehi1, Masashi Miura2, Norihumi Isu2, and Hideo Sawada1. (1) Department of Frontier 
Materials Chemistry, Faculty of Science and Technology, Hirosaki University, Bunkyo-cho, Hirosaki 0361-
8561, Japan, Fax: +81-569-43-6114, kakehi@i2.inax.co.jp, (2) General Research Institute of Technology, 
INAX Corporation  

Fluoroalkyl end-capped acrylic acid oligomers, which were prepared by the oligomerization of 
fluoroalkanoyl peroxides with acrylic acid, reacted with silica nanoparticles and potassium silicate to 
afford fluoroalkyl end-capped oligomers/silica nanocomposites under mild conditions. These fluorinated 



silica nanocomposites thus obtained were applied to the surface modification of aluminum steel to exhibit 
a strong hydrophilic characteristic with a good oleophobicity imparted by fluorine on the surface. 
Additionally, we have succeeded in preparing a variety of fluoroalkyl end-capped oligomers/silica 
nanocomposites-encapsulated low molecular biocides such as hibitane and hinokitiol. These fluorinated 
silica nanocomposites were found to exhibit a good antibacterial activity, and were applied to the surface 
modification of traditional organic polymers.  

 
COLL 542  

The electrical conduction of semiconductor nanoparticles in solution: A kinetic-conductivity study 
of semiconductor nanoparticle formation  

Madeline Leon1, Roberto Irizarry2, and Miguel E. Castro1. (1) Department of Chemistry, The University of 
Puerto Rico at Mayaguez, Chemical Imaging Center and Center for Chemical Sensor Development, 
Mayaguez, PR 00681, Fax: 7872653849, msleon_velz@yahoo.com, mcastro@uprm.edu, (2) Dupont 
Electronics Technologies, Research Triangle Park, North Carolina  

The synthesis of metal and semiconductor nanoparticles has received widespread attention by the 
scientific community due to the large number of technological applications they find in nanoscaled 
systems. In this work, we employ conductivity measurements to study the formation of silver sulide 
nanoparticles from the reaction of Ag+ with sulfide anions S-2 in a stopped flow reactor. Electron 
conduction in colloidal systems reflects the electrical stability and order of the colloid, which result from a 
delicate balance of electrostatic and magnetic forces. Conductivity and optical absorption measurements 
indicate that the nucleation and coalescence of particles occur in a time scale shorter than 5 seconds 
after the flow of Ag+ and S-2, is brought to a stop. The reaction is found to be zero and first order in silver 
and sulfide ions, respectively. The electrical conductivity of the particles is significantly higher than the 
one calculated for other ions present in solution or for bulk quantities of silver sulfide. TEM measurements 
reveal a well defined lattice and an average Ag2S nanoparticles diameter of about 5 nm. These 
nanoparticles are used as a seed “in situ” to form silver particles when the sulfide anion is mixed with an 
excess of silver ions.  

 
COLL 543  

Ultra-bright fluorescent silica particles  

Igor Sokolov and Sajo Naik, Department of Physics, and Chemistry, Clarkson University, Potsdam, NY 
13699, Fax: 315-268-6610, isokolov@clarkson.edu  

Fluorescent particles are of big interest nowadays as labels, tracers, sensors, and various photon 
sources. One of the largest areas of their application, nanobio-technologies, bioinformatics require 
biocompatible, for example, silica fluorescent particles. Here we describe a new class of silica particles, in 
which organic fluorescent dyes are physically encapsulated inside self-sealed silica nanochannels. Due to 
one dimensional positioning of the dye molecules inside the channels, the dyes inside the silica particles 
can be packed very densely (~2nm away from each other) without loosing their fluorescent power. This 
makes such silica particles the brightest synthesized so far. Silica surface can be easily functionalized 
with sensing molecules. Large number of available organic fluorescent dyes compatible with the 
described synthesis makes the developed particles useful for a diverse range of biological and analytic 
applications.  

 
COLL 544  



Ion and molecular transport through surface-modified silica colloidal crystals  

Ilya Zharov, Department of Chemistry, University of Utah, 315 S 1400 E, Salt Lake City, UT 84112, 
i.zharov@utah.edu  

Surface modification of colloidal crystals comprising silica nanospheres will be described. The surface 
chemistry includes ionazable groups, organic receptors and polymers. The selectivity and mechanisms of 
the ion and molecular transport through the surface-modified colloidal crystals as a function of surface 
chemistry and environmental conditions will be discussed.  

 
COLL 545  

Amino acid-functionalized fused quartz/water interfaces studied by nonlinear optics  

Julianne M. Gibbs-Davis, Christopher T. Konek, Karl A. Scheidt, and Franz M. Geiger, Department of 
Chemistry, Northwestern University, 2145 Sheridan Road, Evanston, IL 60208-3113, j-
gibbs1@northwestern.edu  

The acid/base behavior of acidic functional moieties confined to aqueous/solid interfaces can differ 
significantly from their behavior in solution. Knowing the protonation state of these systems is critical for 
accurately characterizing functionalized surfaces and understanding the mechanism of their interactions 
with adsorbates. Using the label-less chi(3) method for second harmonic generation (SHG), we report the 
pH-dependent change in interfacial potential for various amino acid-functionalized fused quartz/water 
interfaces. The titration curve reveals two different inflection points indicative of two interfacial acid-base 
equilibria pKa values for these surface-bound monoprotic acids. These results are discussed in the 
context of hydrogen-bonding interactions, based on quantitative, high-sensitivity optical interfacial free 
energy density measurements. Special attention is giving to hysteresis and cooperative effects. This work 
is funded by the Department of Energy, the National Science Foundation and the Dreyfus Postdoctoral 
Program in Environmental Chemistry.  

 
COLL 546  

Mild methods to assemble and pattern monolayers on Si(111) using soft lithography  

Mathew Perring, Department of Chemistry, University of Iowa, 423 Chemistry BLDG, mathew-
perring@uiowa.edu, and Ned B Bowden, Department of Chemistry, University of Iowa, 423K Chemistry 
Building, Fax: 319-335-1270, ned-bowden@uiowa.edu  

We developed a mild method to assemble organic monolayers on Si(111) using olefins and 2,2,6,6,-
tetramethylpiperidinooxy. These monolayers were assembled at room temperature without the need for 
UV light. We assembled monolayers terminated with methyl groups, carboxylic acids, and olefins and 
characterized them using x-ray photoelectron spectroscopy, infrared spectroscopy, contact angle 
goniometry, and ellipsometry. Acid-terminated monolayers were functionalized by forming an anhydride 
on the surface and reacting with amines in solution. Olefin-terminated monolayers were functionalized by 
metathesis with the Grubbs' catalyst. We also developed mild methods to pattern these monolayers on 
the micrometer-size scale using soft lithography and on the nanometer size scale using patterning by 
etching on the nanoscale (PENs). In PENS, a Si(111) surface is patterned by placing a PDMS stamp on 
the surface to form microchannels and then etching the PDMS using HF to expose new areas on Si(111).  



 

 
COLL 547  

Generation of gradient surfaces via contact printing based approach  

Bi-Min Zhang Newby, Yangjun Cai, Feng Song, and Sung-Hwan Choi, Department of Chemical and 
Biomolecular Engineering, The University of Akron, Akron, OH 44325-3906, Fax: 330-972-5856, 
bimin@uakron.edu  

Various gradient surfaces, including wettability gradient, nanoparticle density gradient and bio-functional 
gradient, were created via the convenient micro-contact printing based technique. This technique allowed 
the generation of both continuous gradients with gradual variations of the property and step-wise 
gradients where each step consisted of uniform and well-defined properties. By simply using elastomeric 
stamps with different geometries and various radii of curvature, the gradient geometry and size were 
easily tuned. These gradient surfaces have been illustrated to be excellent substrates for studying liquid 
droplet movements, protein adsorption and cell attachment/spreading, and serving as templates for 
combinatorial studies and building of micro/nano devices.  

 
COLL 548  

Soft interference lithography: A large-scale platform for nanophotonics  

Joel Henzie, Min Hyung Lee, and Teri W. Odom, Department of Chemistry, Northwestern University, 
2145 N Sheridan Road, Evanston, IL 60208-3113  

Nanopatterning tools have become an important component of fundamental research by enabling the 
assembly of functional nanoscale materials. However, the impact of these tools on broader scientific 
questions is often limited by issues of scalability and cost. We will describe a new patterning technique—
Soft Lithography (SIL)—that combines the scalability of large-area patterning with the flexibility of soft 
lithography. This inexpensive platform can generate both nanostructure arrays and nanostructured films 
over large areas (>1 in2). We will use SIL to address three important problems in nanophotonics: (i) how 
the materials properties of the film can affect the enhanced optical transmission properties of 
subwavelength hole arrays; (ii) how multi-component metallic/dielectric nanoparticles can exhibit 
hybridized plasmon resonances; and (iii) how micro-structuring 2D arrays of holes can produce new 
optical properties.  

 
COLL 549  

Encapsulation of dextran coated superparamagnetic particles and drugs in liposomes for 
controlled release  



Jae-Ho Lee and Joseph A. Frank, Laboratory of Diagnostic Radiology Research, National Institute of 
Health, Clinical Center, Building 10, B1N256, Bethesda, MD 20892, leejaeho@mail.nih.gov  

We will describe the encapsulation of dextran coated superparamagentic particles and drugs in various 
vesicles for potential applications in magnetic resonance imaging and hyperthermia. Because highly 
negatively charge of dextran coated superparamagnetic particles hinders encapsulation efficiency in most 
liposomes, a few successful studies have been reported. We investigate physiological conditions to 
encapsulate dextran coated superparamagnetic particles into liposomes by dynamic light scattering and 
zeta potential. For controlled release we load drugs such as doxorubicin with dextran coated 
superparamagnetic particles into liposomes by a complexation process with cationic biopolymers to 
increase encapsulation efficiency and compare with previous reported encapsulation efficiency. Also, we 
explore drug release from magnetic particles encapsulated temperature sensitive liposomes 
(thermosensitive magnetoliposomes) and drug release from biopolymer gels and capsules loaded with 
therrmosensitive magnetoliposomes, effects of magnetic particle size onto release profile by an 
electromaganetic field.  

 
COLL 550  

Molecular self-assembly in the presence of nanoparticles  

Ruomiao Wang1, Indika U. Arachchige2, Stephanie L. Brock2, and Guangzhao Mao1. (1) Department of 
Chemical Engineering and Materials Science, Wayne State University, 5050 Anthony Wayne Drive, 
Detroit, MI 48202, Fax: 001-313-577-3810, rmwang@wayne.edu, (2) Department of Chemistry, Wayne 
State University  

This paper describes the effect of nanoparticles on the self-assembled structure of fatty acids on graphite. 
In particular, AFM was used to investigate the structures of fatty acids with different chain length including 
stearic acid (SA), arachidic acid (AA), behenic acid (BA), tetracosanoic acid (TA), and hexacosanoic acid 
(HA). The fatty acid was co-deposited with nanoparticles by spin coating (JACS 2004, 126, 16290). SA, 
AA and BA formed uniform nanorods attached and induced by nanoparticles, while the self-assembled 
stripe patterns of HA and TA were unaffected by the presence of nanoparticles. Rather the nanoparticles 
were aligned by the molecular pattern. We also observed two pattern periodicities reflecting the head-to-
head and head-to-tail molecular assembly tendencies of the fatty acids. The mutual influence between 
self-assembling molecules and depositing nanoparticles offers a means to create complex nanoparticle 
patterns.  

 
COLL 551  

Manipulating assembly properties in DNA-nanoparticle systems  

Mathew M. Maye, Dmytro Nykypanchuk, Daniel van der Lelie, and Oleg Gang, Center for Functional 
Nanomaterials, Brookhaven National Laboratory, Bldg 463, Upton, NY 11973, mmaye@bnl.gov  

The use of bio-inspired approaches for nanoparticle self-assembly takes advantage of the natural 
tunability and addressability of encoded biomolecular interactions between particles. The development of 
DNA-based methodology for nanoparticle assembly has proven especially attractive, due to the highly 
programmable nature of assembly and its utility for medical diagnostics and structural tailoring. We have 
recently been exploring approaches which utilize the tunable conformational properties of the DNA-
capping as a method towards tailoring DNA-based nanoconstruction. By controlling the number and the 
rigidity of the DNA linkages at nanoparticle (2-30 nm) interfaces, we are able to fine-tune assembly 
kinetics, relative aggregate size, as well as system melting properties. The assembly systems have been 
characterized with UV-vis, DLS, and SAXS with synchrotron radiation. The morphology of the assembled 



aggregates were characterized with TEM and AFM. These methods may prove as a novel approach 
towards controlling assembly efficiency and aggregate size for increasingly complex DNA-nanoparticle 
systems.  

 
COLL 552  

In situ growth and characterization of reducible ceria thin films and ceria-supported metal 
nanoparticles  

Jing Zhou1, Sanjaya D. Senanayake1, Arthur P. Baddorf2, Sergei V. Kalinin2, Steven H. Overbury1, and 
David R. Mullins1. (1) Chemical Sciences Division, Oak Ridge National Laboratory, PO Box 2008, MS 
6201, Oak Ridge, TN 37831-6201, Fax: 865-576-5235, zhouj1@ornl.gov, (2) Materials Science and 
Technology Division, Oak Ridge National Laboratory  

Cerium oxide and ceria-supported metal nanoparticles are important heterogeneous catalysts. Our 
previous studies using XPS and TPD have demonstrated that the reactivity of CeOx(111) films and ceria-
supported metal nanoparticles is dependent on the cerium oxidation state. Furthermore, the metal 
nanoparticles can exhibit chemical behaviors different from their single crystal counterparts. To elucidate 
the nature of their reactivity, we investigated the structure and morphology of CeOx(111) thin films grown 
in situ on Ru(0001) using STM. Our data demonstrate that the surface structures of ceria films are 
dependent on the film thickness and degree of reduction with monolayer ceria exhibiting superlattice 
structures. Metal particles including Pd, Rh, and Pt were deposited on ceria at 300 K. The growth of metal 
particles was studied as a function of the ceria oxidation state, annealing temperatures, and the type of 
metal deposited. Research is sponsored by DOE BES Division of Chemical Sciences, Geosciences, and 
Biosciences.  

 
COLL 553  

Micellar effect on the kinetics of oxidation of hydroxy acids by N-bromophthalimide in presence of 
acidic medium  

Yok Raj Katre1, Sangeeta Patil1, and Ajaya Kumar Singh2. (1) Department of Chemistry, Kalyan 
Mahavidyalaya , Bhilai Nagar,Sector-7,Durg ,Chhattisgarh, Bhilai,Durg, 490006, India, 
yokrajkatre@rediffmail.com, (2) Department of Chemistry, Government V.Y.T.PG. Autonomous College 
Durg,Chhattisgarh,India  

Organic reactions involving ionic, polar and neutral reactants in micellar solution are generally believed to 
occur in the stern layer of a micelle of an ionic surfactant. The catalysis and inhibition by ionic micelles is 
due to ionic micellar incorporation of both the reactants. Due to these facts a significant amount of 
systematic kinetic results have been reported on the effect of micelle on various organic reactions during 
past few decades. However , the details of micellar effect on the oxidation of hydroxy acids i.e. malic 
acid(MA) and tartaric acid(TA) by N-bromophthalimide are yet unknown .The effect of cationic surfactant 
cetyltrimethylammonium bromide (CTAB) and anionic surfactant sodium dodecyl sulphate(SDS) on the 
oxidation of hydroxy acids by N-bromophthalimide (NBP) have been studied at fixed temperature. The 
reaction exhibits first order dependence on [NBP], fractional and inverse fractional order dependence on 
[hydroxy acid] and [H+] respectively, while successive addition of reduced product of the oxidant 
(phthalimide) exhibited negative effect on the reaction rate. Insignificant effect of sodium perchlorate and 
mercuric acetate on the reaction rate was observed. The rate of reaction increases with increase in 
dielectric constant of the medium. CTAB strongly catalyze the reaction and a typical kØ and [CTAB] 
profile was observed, while SDS inhibits the rate of reaction. The applicability of different kinetic models 
were tested to explain the observed micellar effects. The various activation parameters in presence of 
CTAB and SDS have also been evaluated.. A suitable mechanism consistent with experimental finding 



has been proposed. The rate constants , binding constants with surfactant and index of cooperativity (n) 
have been evaluated.  

 
COLL 554  

Influence of the degree of deacetylation and molecular weights on the surface properties of 
chitosan  

Lei Zhang1, Zi-dong Zhang2, and Qing Shen1. (1) Department of Polymer Materials and Engineering, 
Donghua University, 1882 West Yan An Road, Shanghai 200051, China, sqing@dhu.edu.cn, (2) 
Department of Optometry, Donghua University  

By preparation of two series of chitosans, e.g. one with the same degree of deacetylation, DD, and varied 
molecular weights; MW, and another with the same MW and varied DD, the surface free energy and 
related components, e.g. the Lifshitz-van der Waals and Lewis acid-base interaction components, were 
studied. Results showed that both the DD and MW are two of important factors to influence the surface 
properties for chitosan while because the increase of these two parameters both yield the increase of the 
surface free energy of chitosan. Additionally, it was also found that the increase of the DD and MW would 
lead the polarity of chitosan increased. In this study, a comparison of the influence from both DD and MW 
suggested that the former seems to be greater than the latter on the surface properties of chitosan.  

 
COLL 555  

Surface structure and electrochemistry of model electrocatalysts  

Christopher Andrew Lucas, Department of Physics, University of Liverpool, Oliver Lodge Laboratory, 
Oxford Street, Liverpool, United Kingdom, Fax: +44-151-794-3344, clucas@liv.ac.uk  

Since the early days of modern surface science, a main goal in the electrochemical community has been 
to find correlations between the microscopic structures formed by surface atoms and adsorbates and the 
macroscopic kinetic rates of a particular electrochemical reaction. In this talk I will present recent results 
of in situ SXS and electrochemistry studies of both monometallic and bimetallic surfaces in which Pt is the 
active surface atom. Measurements of various potential-induced reactions on these surfaces, for 
example, the oxidation of carbon monoxide and the oxygen reduction reaction, and the effect of solution 
temperature on the reactions will be discussed. The results for single-crystal surfaces imply that the 
solution temperature could be a vital new thermodynamic variable in studies of electrochemical reactions.  

 
COLL 556  

Establishing structure property relationships for fuel cell electrocatalysts  

Andrea E. Russell, School of Chemistry, University of Southampton, Highfield, Southampton, SC SO17 
1BJ, United Kingdom, Fax: 44-2380-596805, a.e.russell@soton.ac.uk  

The role of the secondary element in enhancing the electrocatalytic activity of bimetallic Pt based 
catalysts has historically been established through the study of well-characterised single crystal electrode 
surfaces. However, the real working catalysts in fuel cells are usually supported nanoparticles. In this 
paper we will illustrate the use of in situ X-ray spectroscopic (XAS) techniques to characterise such 
nanoparticle catalysts in conditions that approach those of the working environment. The XAS spectra 
reflect the average coordination / environment of the absorber atoms, thus model electrocatalysts in 



which the location of the secondary element is well defined are particularly useful in probing structure 
property relationships. Results will be presented for Ru and Mo modified Pt anode electrocatalysts. The 
results will be interpreted in terms of the relative importance of alloy formation and the availability of 
surface redox species involving the secondary element. As the intention of the symposium is to discuss 
what we do not know about such electrocatalysts as well as the new information available, both the 
benefits and the limitations of methodology of the investigation will be illustrated.  

 
COLL 557  

X-ray in-situ investigation of interfaces relevant to electrocatalysis  

Hoydoo You, Nenad Markovic, Kee-Chul Chang, and Vojislav Stamenkovic, Materials Science Division, 
Argonne National Laboratory, 9700 S. Cass Ave., Argonne, IL 60439, Fax: 6302527777, hyou@anl.gov  

We present advanced x-ray spectroscopic and scattering techniques applicable for gas-solid and 
electrolyte-solid interfaces important to elctrocatalysis and energy conversion process. The studies 
include the measurements from atomic layers deposited on single crystal substrates and atomic layers 
adsorbed on nanoparticle surfaces. We discuss examples of recent studies using surface-sensitive x-ray 
fluorescence techniques. We also present examples of recent studies using resonance anomalous 
surface x-ray scattering technique. The polarization dependence of the technique is also discussed for 
selected electrochemical systems.  

 
COLL 558  

Single Pt atoms to clusters: Their electronic structure and electrocatalytic activity  

Yong-Tae Kim1, Dam Hieu Chi2, Tadaoki Mitani2, and Yang Shao-Horn1. (1) MIT, Cambridge, MA 20139, 
yongtae@mit.edu, (2) JAIST  

In recent, we have developed a new concept based on a fundamental bottom-up approach to synthesize 
highly dispersed and uniformly size controlled Pt clusters on carbon nanotubes. We call this the Single 
Atom to Cluster (SAC) approach. It is shown schematically in Figure 1 and is composed of two steps: 
Single atoms formation and size-controlled clusters formation with heat treatment. When we attached Pt 
onto thiolated carbon nanotubes with well-known borohydride reduction method, we have discovered that 
the attached Pt was not Pt nanoparticles but single Pt atoms. This model was confirmed with EXAFS 
measurement shown in Figure 2. From these single Pt atoms as starting materials, we could form Pt 
clusters with heat treatment and control their size finely with the tuning of the heat treatment temperature. 
In this presentation, we will show the electronic structure obtained with synchrotron radiation and 
electrocatalytic activity of these single Pt atoms to clusters.  
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COLL 559  

Size and composition distribution dynamics of Pt alloy nanoparticle electrocatalysts probed by 
anomalous small angle X-ray scattering  

Shirlaine Koh1, Chengfei Yu1, Jennifer Leisch2, Michael F. Toney2, and Peter Strasser1. (1) Department 
of Chemical and Biomolecular Engineering, University of Houston, 4800 Calhoun Rd, Houston, TX 
77204-4004, Fax: 7137434323, pstrasser@uh.edu, (2) Stanford Linear Accelerator Center, Stanford 
Synchrotron Radiation Laboratory  

Probing and understanding of structure-property relationships of high surface area Pt and Pt alloy 
nanoparticle electrocatalysts represents one of the biggest challenges in the field of energy-related 
electrocatalysis. What is needed are methods to study the size, the bulk composition as well the surface 
composition of alloy particle ensembles during reaction conditions. Synchrotron-based Small Angle X-ray 
scattering (SAXS) is a reciprocal-space method that is suited for the investigation of particles in the 1-100 
nm diameter range. SAXS can be used ex-situ and in-situ and is therefore a powerful technique to study 
changes of the size distribution of nanoparticles during the catalytic reaction. Element specificity is 
introduced by varying the incident X-ray energy (Anomalous SAXS, ASAXS). Using ASAX, one can 
measure the particle size distributions of Pt and one or more transition metals independently. Hence, on 
top of size distribution information, in-situ ASAXS allows to probe the dynamics of composition 
distributions and metal enrichments due to corrosion, leaching, or dissolution. In this contribution, we 
highlight and illustrate the benefits of ASAXS analytics when applied to nanoparticle electrocatalysts for 
the electroreduction of oxygen inside gas-diffusion layers. In particular, we address carbon supported Pt-
Co and Pt-Cu alloy nanoparticles cast in thin Nafion® containing layers and discuss their size and 
composition dynamics under various electrochemical conditions.  

 
COLL 560  

Electrocatalysis from first principles  

  

 

 

 

  



Matthew Neurock, Department of Chemical Engineering and Department of Chemistry, University of 
Virginia, 102 Engineers' Way, Charlottesville, VA 22904-4741, Fax: 434-982-2658, mn4n@virginia.edu  

The complexity of the electrified aqueous/metal interface has presented a significant challenge for the 
application of first principle quantum mechanical methods. This has hinder the progress in this area in 
earlier years. A number of important advances however have been made over the past decade that now 
make theory and simulation invaluable partners with experiment in elucidating electrochemical and 
electrocatalytic systems. Theory and simulation have begun to provide important insights into the 
controlling surface chemistry and the factors that govern electrocatalysis. As such theory is providing 
insights and suggestions as to novel alloy materials that may enhance electrocatalytic performance. We 
highlight some of the advances in the electrooxidation of methanol, formic acid and CO as well as the 
oxygen reduction reaction and discuss some of the limitations as well as future challenges for the 
application of theory and simulation to the science of electrocatalysis.  

 
COLL 561  

Electrodeposition of Pt on a RuO2(110) single-crystal surface  

Miomir B. Vukmirovic1, Ping Liu1, James T. Muckerman2, and Radoslav R. Adzic1. (1) Chemistry 
Department, Brookhaven National Laboratory, Bldg. 555, Upton, NY 11973-5000, Fax: 631-344-5815, 
miomir@bnl.gov, (2) Chemistry Department, Brookhaven National Laboratory  

Platinum monolayers on metal oxides are candidate electrocatalysts for improving the oxygen reduction 
reaction due to the plausible effects of the oxide's OH or O and vacancy sites on the OH coverage on Pt 
and an enhanced splitting of the O-O bond, respectively.  

The objective of the work is to obtain basic information on the deposition of Pt monolayer-level deposits 
on oxide surface. The RuO2(110) surface will be a model system because of its rare suitability for atomic 
scale surface chemistry, its conductivity and stability under the oxidizing conditions of oxygen cathode. A 
deposition of a 1/6 ML of Pt, with Pt atoms arranged in c(2x2) array, is followed by Pt island growth. 
Experimental results are compared with predictions of density functional theory calculations. Large 
distances between Pt atoms in the adlayer provide unique opportunity to test mechanisms of oxygen 
reduction and hydrogen oxidation.  

 
COLL 562  

Copper ultra thin films growth on Au(111) by surface limited redox replacement  

Lasantha T Viyannalage and Nikolay Dimitrov, Chemistry, SUNY at Binghamton, Vestal Parkway E, 
P.O. Box 6000, Binghamton, NY 13902, Fax: 6077774478, lthammi1@binghamton.edu  

The growth of smooth, homo- and heteroepitaxial metal layers has always been a major goal of 
electrodeposition. Such layers are considered superior to any other kind of thin films as they strictly 
reproduce the crystallography and (in general) the morphology of the substrate surface underneath. Our 
effort is to grow epitaxial Cu thin film on Au(111) with considerable thickness by multiple redox 
replacement of underpotentially deposited Pb used as a sacrificial metal. Open circuit potential monitoring 
during the replacement reaction is used to control the completion of each deposition event. Anodic film 
stripping is performed to determine the film thickness and calculate the yield of the employed deposition 
strategy. Cyclic Voltammetry (CV) and high resolution in-situ Scanning Tunneling Microscopy (STM) are 
employed to carry out and monitor the two-dimensional growth of up to 156 monolayers (ML) of Cu on 
Au(111). A set of CV and concomitant STM results, after growth of 15, 56, 113 and 156ML of Cu on 
Au(111) reveal an excellent film quality and uniform surface morphology maintained during the entire 



growth process. Atomic scale STM results ascertain the topmost layer crystallographic orientation of the 
accordingly grown copper films. X-ray Photoelectron Spectroscopy is used for compositional monitoring. 
A detailed experimental description and critical discussion of the results will be preceded by a relevant 
theoretical argumentation.  

 
COLL 563  

Hydrogen-assisted and CO-assisted reductive desorption of hydroquinone-derived adlayers from 
Pt(111) single crystal electrodes  

Margarita Rodriguez-Lopez1, Enrique Herrero2, Juan M. Feliu2, Paulino Tuñon3, Antonio Aldaz4, and 
Arnaldo Carrasquillo Jr.5. (1) Department of Chemistry, Pontifical Catholic University, 2250 Ave. Las 
Americas, suite 569, Ponce, PR 00717, (2) Departamento de QuÃmica FÃsica, Universidad de Alicante, 
(3) Department of Chemistry, University of Oviedo, (4) Departamento de Química Física, Universidad de 
Alicante, (5) Department of Chemistry, University of Puerto Rico at Mayaguez Campus  

The hydrogen-assisted, reductive desorption of hydroquinone-derived adlayers (Q(ads)) is reported at 
nearly defect-free Pt(111) single crystal electrodes in 0.5M H2SO4. Classical electroanalytical techniques 
are used to evaluate surface packing density of Q(ads) under a variety of conditions. Charge density 
measurements suggest that two limiting conditions are observed. High surface packing densities of the 
adsorbate are detected in the presence of 2mM H2Q(aq), while lower surface packing densities are 
observed upon rinsing with 0 mM H2Q(aq) supporting electrolyte. A strong dependence between the 
mode of adsorption/desorption of Q(ads) and the presence of long-range order at the Pt(111) electrode 
surface is revealed. The reductive displacement of Q(ads) with CO is also reported. The experiments 
show that the extent of CO displacement can be controlled potentiometrically and that the progress of the 
displacement can be observed quantitatively through amperometric detection. Some additional 
applications of these novel electrochemical observations are discussed.  

 
COLL 564  

Interaction of the engineered chaperonin proteins with water-soluble quantum dots  

Hongzhi Xie1, Yi-Fen Li2, Jonathan D. Trent2, and Basil I. Swanson1. (1) Physical Chemistry and Applied 
Spectroscopy, Chemistry Division, Los Alamos National Laboratory, P. O. Box 1663, MS J567, Los 
Alamos, NM 87545, hongzhi@lanl.gov, (2) Bioengineering Branch, Protein Nanotechnology Group, NASA 
Ames Research Center  

Heat-shock proteins (HSP60) have been well-engineered and their subunits can spontaneously assemble 
into the robust octadecameric double-ring structures, called as chaperonin. Semiconductor quantum dots 
(QDs) were widely used for fluorescent labeling because of their size-dependent tunable emission, higher 
quantum yields and good photostability. In this work, we have fabricated a series of novel chaperonin-QD 
conjugates by packing the dihydrolipic acid (DHLA)-capped QD onto the genetically engineered 
chaperonin double-ring cavities. We found that these His-tagged chaperonin proteins selectively bind 
onto the quantum dots and lead to an enhancement of fluorescence of the DHLA-capped QDs. These 
QD-modified chaperonin conjugates will be further applied in developing biosensing elements for 
detection of toxins and pathogens.  

 
COLL 565  

Interaction between nanoparticles and liquid crystal supported phospholipid monolayer  



Deny Hartono, Kun-Lin Yang, and Lin-Yue Lanry Yung, Chemical & Biomolecular Engineering, National 
University of Singapore, Block E5-02-09, 4 Engineering Drive 4, Singapore 117576, Singapore, 
irizher@yahoo.com, cheyly@nus.edu.sg  

We report an easily visualized model system to study the interactions between phospholipids and 
nanoparticles. In this study, 1,2-dilauroyl-sn-glycero-3-phosphocholine (DLPC) was self-assembled 
spontaneously at planar interfaces between nematic liquid crystal [4'-pentyl-4-cyanobiphenyl (5CB)] and 
aqueous phase. Gold nanoparticles coated with bovine serum albumin (BSA) were then added into the 
system to study the interaction with the phospholipid monolayer. Based on the optical textures of liquid 
crystal, the gold nanoparticles interact with the DLPC and change the orientations of liquid crystals. The 
nanoparticles without BSA coating exhibit different optical textures, indicating the potential of using liquid 
crystal systems to identify surface status of nanoparticles. This study offers a promising system to 
investigate the physical interaction between nanoparticles and phospholipid membrane, where liquid 
crystal is used as a detector to reflect and amplify the interaction phenomena between phospholipid and 
nanoparticles. Results obtained from this study may offer new information to aid the design of drug 
delivery vehicles as well as to understand the mechanism of potential cytotoxicity by nanomaterials, 
where the interaction between nanoparticles and plasma membrane is an essential step.  

 
COLL 566  

Surface properties of tea polyphenols  

Li-Hua Zhang, Ren-feng Hu, and Qing Shen, Department of Polymer Materials and Engineering, 
Donghua University, 1882 West Yan An Road, Shanghai 200051, China, sqing@dhu.edu.cn  

By means of contact angle measurement and the theory of van Oss-Chaudhury-Good, the surface free 
energy and related components, e.g. the Lifshitz-van der Waals and Lewis acid-base interactions, of 
three tea polyphenols were measured and reported. Results showed that the surface free energy of 
characterized three commercial tea polyphenols, e.g. TP80, TP90 and TP98, to be about 39.20, 40.56 
and 43.71mJ•m-2, respectively, and this value is increased with the tea polyphenols content. Meanwhile, 
the same is on the polarity of those polyphenols.  

 
COLL 567  

DNA/Drug delivery into cells using multifunctional gold nanoparticles  

Gang Han1, Byoung-jin Kim2, Neil S. Forbes2, Craig T. Martin3, and Vincent M. Rotello4. (1) Department 
of Chemistry, University of Massachusetts Amherst, 710 North Pleasant St., Amherst, MA 01003, 
ghan@chemistry.umass.edu, (2) Department of Chemical Engineering, University of Massachusetts, 
Amherst, (3) Department of Chemistry, University of Massachusetts, (4) Department of Chemistry, 
University of Massachusetts at Amherst  

Mixed Monolayer-Protected Clusters (MMPCs) provide versatile tools for biotechnology. Their unique 
nano-scaled size and large surface-volume ratio make the ideal for recognition of small molecules, DNA 
and proteins. Here, we are using MMPCs as DNA/ drug delivery agents in mammalian cells. The release 
processes were mediated inside cells using glutathione or near- UV light. Both in vitro and in vivo 
releases of drug/ DNA payload from nanoparticle surface were established. The GSH- or light- mediated 
release, combining with the controlled interactions of biomolecules with surface functionalized 
nanoparticle scaffolds, can be further utilized to realize targeted delivery into certain cell types such as 
cancer cells.  



 
COLL 568  

Design, synthesis and fabrication of a biomolecular nanovalve  

Brian Reiss, Materials Science Division and Center for Nanoscale Materials, Argonne National 
Laboratory, 9600 S. Cass Ave, Building 200, Argonne, IL 60439, Fax: 630-252-9151, reiss@anl.gov, 
Orlando Auciello, Center for Nanoscale Materials and Materials Science Division, Argonne National 
Laboratory, Leonidas E. Ocola, Center for Nanomaterials, Argonne National Laboroatory, and Millicent 
A. Firestone, Materials Science Division, Argonne National Laboratory, 9700 S. Cass Avenue, Argonne, 
IL 60439, firestone@anl.gov  

Combinatorial phage display methods have been used to identify a circularly constrained heptapeptide 
sequence, ISLLHST, that strongly associates with a perovskite ferroelectric, lead zirconium titanate, 
Pb(ZrxTi1-x)O3 (PZT). The affinity and selectivity of binding to polycrystalline sol gel deposited PZT thin 
films supported on a variety of substrates was determined by titering and immunofluorescence 
microscopy, and the peptide was shown to selectively bind PZT in the presence of Pt, Si, Au, and several 
different photoresists. Currently, spectroscopy (IR, XPS) is being used to determine the mechanism 
behind the binding of this peptide to the PZT surface. Once the binding mechanism is understood, the 
peptide can be modified to tether larger molecules to the ferroelectric surface. Currently we are working 
towards constructing functional devices based on this technology, including a nanoscale valve composed 
of charged, biological molecules linked to the PZT surface through this chemistry, whose orientation could 
be controlled by manipulating the charge on the PZT surface. These changes would be used to open and 
close a valve in a nanochannel, and preliminary data in a micronscale device will be presented. The 
submitted manuscript has been created by UChicago Argonne, LLC, Operator of Argonne National 
Laboratory (“Argonne”). Argonne, a U.S. Department of Energy Office of Science laboratory, is operated 
under Contract No. DE-AC02-06CH11357.  

 
COLL 569  

Directed evolution of hydroxyapatite-associated protein  

Seung-Wuk Lee1, Jing Hang Huh2, and Yue Zhao1. (1) Department of Bioengineering, University of 
California, 201 F Donner Lab, Berkeley, CA 94720, leesw@berkeley.edu, (2) Chemical Biology, 
University of California  

The formation of natural bone is thought to occur by the templated mineralization of HA by the 
surrounding proteins, which include collagen and highly acidic phosphoproteins attached to the collagen 
scaffold. It has been proposed that the acidic groups serve as binding sites for calcium ions and align 
them in an orientation that matches the HA crystal lattice, but the biological mineralization process is not 
understood at the molecular level. Using directed evolution process (phage display), we identified specific 
binding peptides for single crystal hydroxyapatite in various pH ranges and study their interactions 
between HA binding peptides and crystal surfaces. Remarkably, the consensus HA binding peptides 
resulted in characteristic tripeptide repeat (Pro-X-Y) at pH 7.5 and (Ser-Ser-Asp) at pH 5. These 
sequences are similar to the major repeats of type I collagen and dentin phosphoproteins respectively. 
Using a panel of synthetic peptides, we defined the structural features required for binding and 
mineralizing activity of HA. We also incorporated these short HA-binding peptides to construct three-
dimensional bone-like materials.  

 
COLL 570  

Functionalization of gallium nitride thin films with molecular and biomolecular layers  



Heesuk Kim1, Paula Colavita1, Bin Sun1, Peerasak Paoprasert2, John J. Uhlrich3, Padma Gopalan2, 
Thomas F. Kuech3, and Robert J. Hamers1. (1) Department of Chemistry, University of Wisconsin at 
Madison, Madison, WI 53706, hkim@chem.wisc.edu, (2) Department of Materials Science and 
Engineering, University of Wisconsin at Madison, (3) Department of Chemical and Biological Engineering, 
University of Wisconsin at Madison  

Gallium nitride is a particularly promising compound semiconductor for field-effect sensing devices. 
Because of its high ionic character, the surface states of GaN are near the band edges where they have 
less impact on the interfacial electronic properties. This makes GaN a good material for interfacing to wet-
chemical environments, such as sensing devices. We have developed a new method to photochemically 
functionalize gallium nitride surfaces with organic alkenes bearing protected amine groups. XPS 
characterization shows the formation of dense, self-terminating molecular layer. We also compare the 
density and stability of molecular layers produced using using photochemical method and those produced 
using chemical attachment via phosphonate groups. After photochemical functionalization, the protecting 
groups were removed to leave primary amine groups, which were used to immobilize DNA biomolecules 
onto the GaN surface. The DNA-modified GaN surfaces show excellent selectivity for hybridization with 
fluorescent tagged-complementary and non-complementary DNA, and they show good stability over 
repeated cycles of hybridization and dehybridization. These results demonstrate that GaN can be used as 
an alternative substrate for integrating GaN into wet-chemical and biological environments. We also 
demonstrate recent results showing that the photochemical functionalization method employed here can 
be extended to other compound semiconductors.  

 
COLL 571  

Biofunctionalizing nitride surfaces without silanes  

Rory Stine, Kendra M. McCoy, Shawn P. Mulvaney, and Lloyd J. Whitman, U. S. Naval Research Lab, 
4555 Overlook Ave. SW, Washington, DC 20375, rory.stine@nrl.navy.mil  

Silicon nitride is widely used as a coating in the microelectronics industry because of its ability to resist 
penetration by contaminants such as water, oxygen, and ionic species. This property also makes silicon 
nitride a common terminal passivation layer for chip-based biosensors and bioMEMS devices, all of which 
come into contact with aqueous saline solutions. Current methods for biofunctionalizing silicon nitride rely 
almost exclusively on silane-based films, both for direct functionalization and as bifunctional linkers. 
However, even under stringent controls, the chemistry of silane films on silicon nitride surfaces is 
notoriously inconsistent and suffers from degradation over time when used in aqueous environments. We 
have developed an alternate, silane-free, method for functionalizing silicon nitride surfaces. The native 
oxide is first stripped via HF solution, and then treated with a plasma that makes the surface reactive to 
aldehydes. Using a bifunctional aldehyde coupler, we then adsorb a robust NeutrAvidin layer that can be 
used to immobilize any biotinylated biomolecule and has excellent nonfouling properties. We will describe 
the surface chemistry and compare our approach with silane-based methods as analyzed by XPS and 
radiolabeling experiments. We will also show that this chemistry can be successfully applied to GaN 
surfaces, and used for immunoassays and DNA hybridization assays in a range of sample matrices on 
both surfaces.  

 
COLL 572  

Selective nesting and deactivation of small proteins on substrates designed on nanoscale 
material surfaces  

Petr Kral, Yu Chen, and Boyang Wang, dept Chemistry, Univ Illinois at Chicago, 845 W Taylor St, 
Chicago, IL 60607, pkral@uic.edu  



We use the recently developed method of optimal modifications of materials surfaces (Small (2007)) to 
design nanoscale substrates that can selectively bind to proteins and control their activities. As an 
example of this approach, we study by classical molecular dynamics green fluorescent protein and 
membrane proteins attached to doped and ligand-modified carbon-based nanostructures. This novel 
approach could be used in systematic building of active hybrid systems with biological and medical 
applications.  

 
COLL 573  

Transport and reaction in electrocatalytic processes  

R. Juergen Behm, Inst. Surface Chemistry and Catalysis, University Ulm, Albert-Einstein-Allee, Ulm D-
89069, Germany, Fax: (xx49) 731 50 25452, juergen.behm@uni-ulm.de  

Under non-ideal conditions transport processes can play a significant role in catalytic and electrocatalytic 
processes, affecting not only the reaction rate, but also selectivities and product distributions. A molecular 
scale understanding of these phenomena, however, is largely missing. For investigating these effects, 
nanostructured electrodes with catalytically active particles of well-defined sizes and interparticle 
separations, supported on planar carbon substrates, have been developed, which allow to independently 
vary either the particle size or the interparticle separation. Concentrating on the electrooxidation of C1 
fuel molecules, the effects of varying the active particle size or interparticle distance or the electrolyte flow 
were investigated and compared to measurements on more realistic, thin film carbon supported catalyst 
electrodes with variable catalyst loading. Possible contributions of the reactant transport to the catalyst 
layer as well as in the catalyst layer to the overall reaction process will be discussed in a molecular 
picture.  

 
COLL 574  

Synthesis and polymer functionalization of metallic and bimetallic nanorods  

Eugene R. Zubarev, Department of Chemistry, Rice University, 6100 Main Street, Houston, TX 77005, 
EZ@rice.edu  

We describe an efficient synthetic strategy for the preparation of gold and palladium nanorods with 
covalently attached polymer arms. We found that CTAB-stabilized nanorods can be functionalized with 
mercaptophenol in a water/THF mixture when the thiol is introduced directly into an aqueous growth 
solution of nanorods. Esterification reaction of mercaptophenol-coated nanorods with carboxyl-terminated 
polymers proceeds under mild conditions with a high yield and results in the covalent attachment of more 
than 3000 polymer chains per one gold nanorod (10 x 45 nm). High grafting density of the polymer shell 
renders the nanorods soluble in many organic solvents and promotes their self-assembly on various 
hydrophobic substrates upon drying in a humid air atmosphere.  

 
COLL 575  

Sensitivity and selectivity of multiplex nanoSPR biosensor assays  

Chenxu Yu, Agricultural and biological engineering, Purdue University, 225 S. University ST, west 
lafayette, IN 47906, chenxuyu71@gmail.com, and Joseph Irudayaraj, Department of of Agricultural & 
Biological Engineering, Purdue University  



Gold nanorods (GNRs) with different aspect ratios were fabricated through seed mediated growth and 
functionalized with antibodies to yield Gold Nanorod Molecular Probes (GNrMPs). Multiplex sensing was 
achieved by the distinct response of the plasmon spectra of GNrMPs to binding events of three targets 
(human IgG, rabbit IgG and goat IgG). Plasmonic sensors are highly specific and sensitive; response 
curve of GNrMPs to targets over the concentration range of 10-10 M to 10-5 M was measured. 
Comparison of the experimental data with a theoretical model for 1:1 binding of a ligand to multivalent 
GNrMPs with different sites but invariant affinities yielded an affinity constant Ka=107 M-1, and was in 
agreement with the IgG-antiIgG binding affinity reported in the literatures. The limit of detection (LOD) for 
the GNrMPs was found to be in the low nano-molar range, and is a function of the binding affinity: for 
higher probe-target affinities pair the LOD is expected to be in femto-molar levels. A complete 
functionalization procedure was developed to minimize non-specific binding. This technique can play a 
key role in developing novel optical biosensors for ultrasensitive and precise biodetection.  

 
COLL 576  

Amplified detection of protein cancer markers and oligonucleotide targets through the 
nanoparticle-based biobarcode assay  

Savka I. Stoeva1, Jae-Seung Lee1, Robert Elghanian1, Steven T. Rosen2, and Chad A. Mirkin1. (1) 
Department of Chemistry, Northwestern University, 2145 Sheridan Road, Evanston, IL 60202, s-
stoeva@northwestern.edu, (2) Robert H. Lurie Comprehensive Cancer Center, Northwestern University  

A homogeneous biobarcode assay that uses gold nanoparticles encoded with oligonucleotide barcode 
strands for target detection has been developed. Because the nanoparticle probe carries with it a large 
number of oligonucleotides per target binding event, the assay does not require enzymatic amplification 
of the target prior to detection, and exhibits low-attomolar and high-zeptomolar sensitivity for a variety of 
protein targets and nucleic acid targets, respectively. For the prostate specific antigen (PSA), the 
sensitivity is six orders of magnitude higher than what is observed with the clinically accepted 
conventional assays. This high sensitivity will potentially allow us to use disease biomarkers for diagnosis 
that cannot be detected using conventional technology. We will also discuss how this assay has been 
transitioned to multiplexed analyte detection in the context of three established protein cancer markers 
and four specific oligonucleotide targets associated with various diseases. A modified approach for small 
molecule detection with the biobarcode assay will also be described.  

 
COLL 577  

Effects of drying condition on inkjet printed conducting line  

Yoon Ah Baik1, Myung Joon Jang1, Hyun Chul Jung1, and Jaewoo Joung2. (1) Central R&D Institute, 
Samsung Electro-Mechanics, 314 Maetan3-dong Yeongtong-gu, Suwon, Gyeonggi-do, South Korea, Fax: 
82-31-300-7900, yoonah.baik@samsung.com, (2) eMD Lab, Central R&D Institute, Samsung Electro-
Mechanics  

This work considers the effects of a drying process after inkjet printing. The inkjet printing technique can 
be used forming metal line patterns on PCBs. However, the thickness of a printed drop is too low to 
adjust for metal line on PCBs. Multi-printing is required to get metal line with high thickness. A flat cross-
sectional profile is beneficial for over-printing. In this work, supplementary drying process is considered to 
make a flat cross-sectional profile of an inkjet printing drop. Fast evaporation of solvents with high boiling 
point is helpful for a flat cross-sectional profile because this condition prevents metal nano particles 
moving from center to edge. In case of overall evaporation velocity is low, the evaporation velocity at the 
edge is faster than at the center, relatively. This occurs a convention current in a drop and particles' 
movement simultaneously.  



 
COLL 578  

Metal nanoparticle-embeded polyelectrolyte multilayers for biosensor application  

Hyung-Jun Jeong1, Hyun-Chul Kim2, Sang Won Jeong2, and Sung Yun Yang1. (1) Department of 
Polymer and Biomaterials Engineering, Chungnam National University, 220 Gung-Dong, Yuseong-Gu, 
Daejeon, South Korea, Fax: +82-42-821-8910, (2) BT Division, Daegu Gyeongbuk Institute of Science 
and Technology  

Weak polyelctrolyte multilayers comprised of poly(allylamine hydrochloride) and poly(acrylic acid) were 
assembled by layer-by-layer technique for metal nanoparticle syntheses. Using weak polyelectrolytes in 
LbL process, it is readily available to tune the deposited film properties by simple changing of the dipping 
solution pH. The PAH/PAA multilayer systems exhibit different surface morphologies and functionalities 
depending on the assembly conditions. We have studied various PAH/PAA multilayer films to utilize the 
polymer thin films for nanoparticle synthesis. The reactive functional groups either remained after the film 
deposition or generated after a simple phase separation reaction allow further chemical reactions for Ag , 
Pd and Au nanoparticle synthesis. The metal nanoparticles were easily characterized by their unique 
surface plasmon absorbtions. Protein or bioactive molecules can be tagged to the nanoparticles in the 
polyelectrolyte multilayer film. These metal nanoparticle-embeded multilayers may have great potentials 
for biomolecule sensing or catalytically active coatings.  

 
COLL 579  

Nanoparticle decoration for enhanced Raman spectroscopy of pre-existing polymer surfaces  

Bettina Roan and Thomas E. Furtak, Department of Physics, Colorado School of Mines, Golden, CO 
80401, Fax: 303-273-3919, broan@mines.edu  

A new technique was used to obtain a surface-enhanced Raman scattering (SERS) spectrum of a 
polymer surface. SERS reactive silver nanoparticles were deposited directly onto the polymer surface. 
This differs from conventional SERS techniques which usually involve the preparation of a SERS reactive 
substrate followed by the deposition of the material of interest. In the case of polymer films, the 
conventional method leads to a SERS spectrum of only the buried interface beneath the film. We 
obtained a SERS spectrum of the outer surface of poly(methyl methacrylate) (PMMA) using the new 
approach. The vacuum evaporation parameters were adjusted to optimize silver evaporation for SERS of 
the PMMA surface. The advantage of this nanoparticle decoration over layer is that changes in the 
surface chemistry of the PMMA may be detected by watching the changes in the SERS spectra.  

 
COLL 580  

Polymer nanoparticles for emulsion stabilization  

Walter Richtering and Bastian Brugger, Physical Chemistry II, RWTH Aachen University, Landoltweg 2, 
Aachen D-52056, Germany, Fax: +49 241 80 92327, richtering@rwth-aachen.de  

Polymer microgels with a typical size of 100 nm can be employed for the preparation of stimulisensitve 
emulsions. In this contribution we will report on the properties of such particles at oil/water interfaces and 
as stabilizer in emulsions. In order to obtain emulsions with remote control on separability and stability, 
hybrid microgels that contain magnetic nanoparticles have been synthesized. These multisensitive 
particles are used for the preparation of emulsions which are sensitive to magnetic fields. Separation of 



oil droplets is achieved when a static magnetic field is applied, oscillatory magnetic fields can be used to 
break the emulsions.  

 
COLL 581  

Synthesis and characterization of nanoparticle assemblies for electronic applications  

Jennifer A. Ayres, Kusum L. Chandra, and Christopher B. Gorman, Department of Chemistry, North 
Carolina State University, Raleigh, NC 27695, Fax: 919-515-8920, jayres@nc.rr.com  

While significant effort has been made to synthesize molecular wires for electronic applications, the ability 
to insert these molecules between two metallic contacts with directional control has yet to be 
demonstrated. Control over molecular orientation is critical to the development of molecular devices such 
as diodes, capacitors and transistors. In this study, directional control is achieved using orthogonal self-
assembly to synthesize electronic junctions between nanoparticles of different compositions. Phenyl 
ethynylene oligomers were synthesized with two different end groups, a thiol which exhibits preferential 
binding to gold and an isocyanide which exhibits preferential binding to platinum. Preliminary studies 
indicate that these heterodimeric structures do form; however, characterizing these structures presents 
additional challenges. Transmission electron microscopy, size-exclusion chromatography and capillary 
electrophoresis are evaluated for their ability to characterize these structures with statistical accuracy. 
Once effective characterization techniques have been established, binding conditions can be optimized 
and separation techniques developed.  

 
COLL 582  

Rapid assembly of organic monolayers on hydrogen terminated silicon surfaces by application of 
living radical polymerization systems  

Isaac W. Moran, Polymer Science and Engineering Department, University of Massachusetts, 120 
Governors Drive, Amherst, MA 01003, imoran@polysci.umass.edu, and Kenneth R. Carter, Department 
of Polymer Science and Engineering, University of Massachusetts  

For the first time, living radical polymerization (LRP) systems have been applied to the solution phase 
formation of organic monolayers on hydride terminated silicon surfaces. As the method for surface 
attachment of alkenes to these surfaces is widely understood to follow a radical addition mechanism, it 
was considered that the initiating and stabilizing affects of free and persistent radicals known to mediate 
LRPs would correspondingly produce dense monolayers rapidly under mild conditions. Accordingly, the 
formation of 1-hexadecene monolayers on Si(100)-H and Si(111)-H n-type surfaces was conducted under 
the influence of atom transfer radical polymerization (ATRP), reversible addition fragmentation-transfer 
(RAFT), nitroxide mediated polymerization (NMP), and free radical (FR) type systems. The resulting 
surfaces were characterized by contact angle measurements and XPS. It was found that, in comparison 
to bulk reactions, RAFT produced inferior results and ATRP was even capable of inhibiting monolayer 
formation. However, dense monolayers were initiated by azobisisobutyronitrile (AIBN) either alone or with 
2,2,6,6-tetramethylpiperidinyl-1-oxy (TEMPO) as well as by an alkoxyamine as used in NMP yielding high 
contact angles of 111° in only 1 hr at 115°C and of 109° in 2 hrs at 65°C. These results indicate that 
combinations of initiating and persistent radicals do indeed promote the growth of organic monolayers on 
Si-H surfaces. Such systems may enable the extension of this chemistry to encompass monolayers of 
alkenes or treated substrates which cannot survive the harsh conditions of current procedures (i.e. 200°C 
or UV irradiation).  

 
COLL 583  



Modulating stress relaxation in lipid monolayers: Effects of surface composition and subphase 
viscosity  

Luka Pocivavsek1, Shelli L Frey2, Alan J. Waring3, and Ka Yee C. Lee2. (1) Department of Chemistry, 
The Institute for Biophysical Dynamics and The James Franck Institute, University of Chicago, 929 E. 
57th St., CIS-ESB31, Chicago, IL 60637, lukap@uchicago.edu, (2) Department of Chemistry, The 
Institute for Biophysical Dynamics and The James Franck Institute, The University of Chicago, (3) 
Department of Pediatrics, Harbor/UCLA  

Lipid monolayers provide models to study thin layer stability at liquid/gas interfaces. These systems are 
essentially quasi two-dimensional. However, beyond a certain critical external stress applied by 
compression, the monolayer needs to undergo a drastic reorganization process to relieve internal 
stresses, a phenomenon called collapse. We explore how monolayer composition and subphase viscosity 
interact to control modes of surface stress relaxation. We study two systems of composite monolayers, 
dipalmitolylphosphatidylcholine:palmitoyloleoylphosphatidylglycerol (DPPC:POPG) and 
DPPC:ganglioside M1 (GM1), on subphases of different viscosities. Purely fluidic monolayers that exhibit 
little elasticity collapse by flowing into the subphase. Elastic monolayers respond like thin elastic plates by 
wrinkling. Monolayers in between the two extremes undergo in-plane lattice packing relaxation. The 
subphase also plays a critical role in stress relaxation. Subphase viscosity provides us a much finer 
method of toggling the surface between different relaxation modes than other perturbations that affect 
monolayer material properties such as temperature.  

 
COLL 584  

WITHDRAWN  
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Thermal stability in air of hydrocarbon monolayers on porous silicon  

Shoshanna R. Coon, Robert S. Cunningham, Andrew N. Simonson, and Davenne L. Mavour, 
Department of Chemistry and Biochemistry, University of Northern Iowa, Cedar Falls, IA 50614-0423, 
Fax: 319-273-7127, shoshanna.coon@uni.edu  

Covalently bound monolayers on silicon may find uses as lubrication layers in microelectromechanical 
systems (MEMS) based on silicon, in nanoscale electronic devices, sensors, and other applications. The 
goal of our research is to investigate the thermal stability of alkyl monolayers on silicon using as realistic 
conditions as possible. Alkyl monolayers were produced on stain-etched and anodically-etched porous 
silicon using a 1:10 mixture of ethylaluminum dichloride catalyst to alkene, reacted at room temperature 
overnight under nitrogen. For the first time, the thermal stability of alkyl monolayers on this high-surface-
area silicon has been measured in air using conventional thermal gravimetric analysis (TGA). For 8-, 12-, 
and 18-carbon alkyl monolayers, decomposition or desorption occurs at about 330 C, accompanied by 
oxidation of the silicon surface, as confirmed by temperature dependent IR spectra. The IR data supports 
desorption rather than decomposition, as does the apparent lack of a trend in the thermal stability.  
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Bond character of thiophene on Ge(100): Effects of coverage and temperature  



Hangil Lee1, Seok Min Jeon2, Soon Jung Jung2, Do Kyung Lim2, Jung Hun Choi2, and Sehun Kim3. (1) 
Beamline Division, Pohang Accelerator Laboratory (PAL), POSTECH, Hyoja san 31, Gyeongbook 790-
784, South Korea, Fax: 82-54-279-1599, easyscan@postech.ac.kr, (2) Department of Chemistry and 
School of Molecular Science (BK21), Korea Advanced Institute of Science and Technology (KAIST), (3) 
Department of Chemistry and School of Molecular Science (BK 21), Korea Advanced Institute of Science 
and Technology (KAIST)  

We have studied the adsorption and decomposition of thiophene (C4H4S) on Ge(100) using scanning 
tunneling microscopy (STM), high-resolution core-level photoemission spectroscopy (HRPES), and 
density functional theory (DFT) calculation. Analysis of Ge 3d, S 2p, and C s core-level spectra reveals 
three adsorption geometries, which we assign to a Ge-S dative bonding state, a [4 + 2] cycloaddition 
bonding state, and a decomposed bonding state (desulfurization reaction product). Furthermore, we 
found that the number ratio of the three-adsorption geometries according to the molecular coverage and 
the annealing temperature. At low coverages, the kinetically favorable dative bonding state is initially 
formed with a one dimensional chain structure at room temperature. As the molecular coverage 
increases, thermodynamically stable [4 + 2] cycloaddition reaction products are additionally produced. 
Moreover, we found that as the surface temperature increased, the [4 + 2] cycloaddition reaction product 
either possibly desorbed as molecular thiophene or decomposed to form a metallocycle-like species 
(C4H4Ge2) and a sulfide (Ge2S). We systematically elucidate the changes in the bonding states of 
adsorbed thiophene on Ge(100) according to the thiophene coverage and annealing temperature.  
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Formation of concentric nanorings by fatty acids  

Lei Wan and Guangzhao Mao, Department of Chemical Engineering and Materials Science, Wayne 
State University, 5050 Anthony Wayne Driver, Detroit, MI 48202, ar3535@wayne.edu  

We report the formation of uniform concentric rings by a family of long-chain fatty acids including stearic 
acid, arachidic acid, and behenic acid on graphite by spin coating. The rings have an average inner 
diameter of 30 nm and a uniform thickness equaling the bilayer thickness of the fatty acid. These fatty 
acids are known to form linear stripes of bilayer periodicity on graphite due to the epitaxy interaction 
between the all-trans hydrocarbon chains and graphitic lattice. However, the addition of a small amount of 
m-cresol to methanol induced a circular bilayer pattern analogous to a 2D vesicle. m-Cresol evaporates 
more slowly than ethanol and has a finite contact angle, 12°, on graphite. The concentric rings are 
attributed to the stepwise precipitation of the solute during the retraction of the liquid contact line. The 
work demonstrates a way to create new nanopatterns by a combination of dewetting and molecular self-
assembly.  
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Jamming of confined colloids in aqueous and non-polar media  

Prasad S. Sarangapani, Peter Hoffmann, and Y. Elaine Zhu, Department of Chemical and Biomolecular 
Engineering, University of Notre Dame, 182 Fitzpatrick Hall, Notre Dame, IN 46556, psaranga@nd.edu  



We contrast the jamming behavior of confined colloidal particles suspended in either aqueous or non-
polar media. The systems we explore are: 1) colloidal poly(methyl methacrylate) (PMMA) suspended in 
non-polar media and 2) Synthetic poly(N-isopropylpolyacrylamide) (PNIPAM) microgel in aqueous media. 
We examine the effects of volume fraction and film thickness on the structure and rheological properties 
of both systems. By using a home-built microrheometer integrated with confocal microscopy, we visualize 
the packing configuration and mobility of confined colloids simultaneously during shear force 
measurements. For the PNIPAM system, our results show that confinement induces the formation of 
three-dimensional tenuous PNIPAM aggregates. By applying large shear amplitude, the reorganization of 
colloidal gel structure is also observed. For the hard-sphere PMMA system, we observe glass-like 
behavior as gap spacing approaches 10-15 particle layers. Upon applying large shear amplitude, the 
“melting” of glassy PMMA thin films is observed.  
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Dynamic instability of a sol-gel-derived thin film: Dewetting and dynamics  

S. Joon Kwon and Jae-Gwan Park, Materials Science and Technology Division, L1204, Korea Institute of 
Science and Technology, Hawolkok-Dong, Seougbuk-Gu, Seoul, South Korea, Fax: +82-2-985-5489, 
cheme@kist.re.kr  

Dynamic instability of a sol-gel-derived (SG) thin film was studied. There exist dewetting patterns such as 
holes in the earlier stages and droplets in the later stages of the dynamic instability. The characteristic 
length scales of the dewetting pattern in each stage scaled linearly with the film thickness. Further drying 
induces wrinkles in the film. In the earlier stages corresponding to hole formation, the dewetting velocity 
decreases with increasing time and increases with increasing the film thickness, which indicates that the 
SG thin film behaves like a slipping thin film. In the final times of the film rupture, the hole radius has a 
linear relationship with the film thickness, and the growth rate of the hole has a constant value, regardless 
of the film thickness. These behaviors indicate that the dewetting of the SG thin film in the final times of 
the rupture is close to nonslipping dewetting behavior.  
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Coverage dependence of CO surface diffusion on Pt nanoparticles: An EC-NMR study  

P. K. Babu, T. Kobayashi, H. Chung, E. Oldfield, and Andrzej Wieckowski, Department of Chemistry, 
University of Illinois at Urbana-Champaign, 600 South Mathews Avenue, Urbana, IL 61801, 
andrzej@scs.uiuc.edu, andrzej@scs.uiuc.edu  

We have studied the effects of CO coverage on surface diffusion rates of CO adsorbed on nanoparticle Pt 
catalysts in sulfuric acid media by using 13C EC-NMR at 253 - 293 K. For CO coverage from 1.0 to 0.36, 
the diffusion coefficients follow Arrhenius behavior and both activation energy (Ed) and pre-exponential 
factor (DCO) show CO coverage dependence. When the coverage is increased from 0.36 to 1.0, Ed 
increases from 6.0 to 8.4 kcal/mol and DCO from 1.1 x10-8 to 3.7 10-6 cm2/s. At partial CO coverage, our 
data support the free site hopping x model of adsorbed CO as the major surface diffusion mechanism. 
When the diffusion coefficient was estimated from CO stripping measurements by using an 
electrochemical modeling protocol, the diffusion coefficients were a few orders of magnitude larger than 
those obtained from the EC-NMR experiments. Overall these results are important for improving our 
understanding of electrochemical surface dynamics that play a crucial role in controlling fuel cell reaction 
rates.  
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An X-ray absorption study of Pt-Ru electrocatalysts subjected to different atmospheres  

Christina Roth1, M. Mazurek1, F. Scheiba1, N. Benker2, and H. Fuess1. (1) Institute for Materials Science, 
Darmstadt University of Technology, Petersenstr. 23, Darmstadt D-64287, Germany, Fax: +49-6151-
166023, c_roth@tu-darmstadt.de, (2) Environmental Mineralogy, Applied Geosciences, Darmstadt 
University of Technology  

In-situ X-Ray absorption spectroscopy was carried out on carbon-supported Pt, Ru, Pt-Ru alloy and a 
Pt/Ru mixture in a specifically designed reactor/furnace set-up. The catalysts were heated to 100 °C in 
different atmospheres. In contrast to in-situ experiments in operating fuel cells, we specifically decided to 
exclude the influence of electrochemical potential to distinguish between effects brought about by 
potential and those induced by atmosphere and temperature. A significant effect of Ru island morphology 
on O and CO adsorption has been observed. Larger Pt-decorated Ru nanoparticles of the mixture are 
more oxidized than the Ru surfaces in the alloy. In CO atmosphere, the extent of CO poisoning is less for 
both bimetallic systems. The ligand effect favouring Ru-CO bonds over Ru-O has been observed for the 
alloy, but no clear indication has been found for the Pt/Ru mixture catalyst. Thus, we would expect 
different behaviour in fuel cell operation.  
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Adsorptive interactions and surface mobility of COad on supported bifunctional catalyst 
nanoparticles  

Maria Hepel1, Kenneth Moot1, Indeewari Dela1, Jin Luo2, and Chuan-Jian Zhong2. (1) Department of 
Chemistry, State University of New York at Potsdam, 44 Pierrepont Ave., Potsdam, NY 13676, Fax: 315-
267-3170, hepelmr@potsdam.edu, (2) Department of Chemistry, State University of New York at 
Binghamton  

New dynamic aspects in catalysis of methanol oxidation reaction have been studied using quantum 
mechanical calculations applied to the support-catalyst cluster interactions and surface diffusivity of 
adsorbed intermediates. For very small catalyst-support clusters, we have found a strong enhancement of 
the ligand effect for bimetallic catalysts of the type PtnMm attributed to the changed local density of states 
near the Fermi level of Pt atoms neighboring the additive metal atom M. This enhancement results in a 
decreased barrier for surface diffusion of adsorbed COad through the cooperative diffusion mechanism, 
based on structural relaxation of the catalyst-support cluster, proposed in this work. The strong ligand 
effect dominates over the Schwoebel potential well effect, the latter being responsible for accumulation of 
poisoning intermediates at kink sites on the catalyst surface and gradual decrease of catalytic activity with 
decreasing size of catalyst nanoparticles. The experimental investigations include submonolayer films of 
bi-functional catalysts (PtRu, PtFe) deposited on nanotube TiO2 supporting films, offering high activity and 
low poisoning rate.  
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A new PROX reaction of CO on the FeOx/Pt/TiO2 catalyst  

Ken-ichi Tanaka1, Hong He2, and Xiaoyan Shi2. (1) Advanced Science Research Laboratory, Saitama 
Institute of Technology, 1690 Fusaiji, Okabe, Saitama 369-0293, Japan, Japan, ktanaka@sit.ac.jp, (2) 
Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences  

Oxidation of CO on a novel PROX catalyst, FeOx/Pt/TiO2, was studied by the in-situ DRIFT IR 
spectroscopy. The CO oxidation is markedly promoted by the presence of H2O. The intermediates and 
the reaction mechanism were deduced by using time resolved IR, where CO was removed from (CO + 



O2) and (CO + O2 + H2) and H2 was added to (CO + O2) or removed from (CO + O2 + H2). It was 
proved that the oxidation of CO proceeds via different intermediates in the presence or absence of H2, 
that is, the oxidation proceeds via formate intermediate in the presence of H2 but via bicarbonate in the 
absence of H2. The enhancement of the oxidation of CO by H2/D2 and H2O/D2O gives almost equal 
isotope effect. We proposed a new PROX reaction mechanism promoted by H2O.  
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Chemical approach to electrocatalysis: When should complexity be introduced?  

Alfred B. Anderson, Department of Chemistry, Case Western Reserve University, 10900 Euclid Avenue, 
Cleveland, OH 44106-7078, Fax: 216-368-3006, aba@po.cwru.edu  

Many important chemical processes have been discovered by a combination of chemical intuition, based 
on robust trends and rules, combined with trial and error. There is an evolution toward adding the 
complexity of the full environment of a chemical reaction to obtain novel or more accurate predictions. At 
Case we have developed a theory for understanding electrocatalysis using two elementary chemical 
ideas. First, we predict reversible potentials for forming reaction intermediates adsorbed on electrode 
surfaces during electron transfer reactions by modifying the bulk solution values using the adsorption 
bond strengths of the intermediates to the electrode surface. This is an effective linear Gibbs energy 
relationship. Second, for obtaining activation energies for electron transfer reactions and their 
dependencies on the electrode potential, we use local reaction center models containing the reactant and 
product molecules and a limited representation of the surround. The electron undergoes radiationless 
tunneling between the surrounding electrode and the reaction center when they are in resonance and 
constrained variation theory yields the electron transfer transition states. These simple approaches have 
shown remarkable predictive ability for understanding differences between electrocatalysts for oxygen 
reduction. Further applications are warranted. Future development of the theory will involve adding 
complexity but this should be done carefully for maximum transparency and minimal computational cost.  
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Aspects of alloy electrocatalysis  

Manos Mavrikakis1, Anand U. Nilekar1, Denise C. Ford1, Ye Xu2, Kotaro Sasaki3, J. Zhang4, Miomir B. 
Vukmirovic3, and Radoslav R. Adzic4. (1) Department of Chemical & Biological Engineering, University of 
Wisconsin, Madison, WI 53706-1691, Fax: 608-262-5434, manos@engr.wisc.edu, (2) Center for 
Nanophase Materials Sciences and Chemical Sciences Division, Oak Ridge National Laboratory, P.O. 
Box 2008, MS-6494, Oak Ridge, TN 37831-6494, xuy2@ornl.gov, (3) Chemistry Department, 
Brookhaven National Laboratory, (4) Materials Science Department, Brookhaven National Laboratory  

Periodic self-consistent Density Functional Theory (DFT-GGA) calculations are used to probe the 
geometric and electronic effects on the interaction of O2, O, and hydrogenated oxygen-containing 
intermediates on the close-packed surfaces of a number of pure metals and on bimetallic and ternary 
alloys. Analogies between gas phase heterogeneous catalysis and electrocatalysis are attempted to be 
drawn, and validated by means of electrocatalytic experiments, including in-situ X-ray synchrotron 
methods. Among others, we will discuss the fundamental reasons behind the 4-fold ORR rate 
enhancement observed on ternary alloys compared to all-Pt electrocatalysts.  

[1] J. Zhang, M.B. Vukmirovic, Y. Xu, M. Mavrikakis, R. R. Adzic, Angewandte Chemie International 
Edition, 44 (2005) 2132. [2] J. Zhang, M.B. Vukmirovic, K. Sasaki, A.U. Nilekar, M. Mavrikakis, R.R. 
Adzic, Journal of the American Chemical Society, 127 (2005) 12480. [3] J. Greeley, M. Mavrikakis, Nature 
Materials, 3 (2004) 810. [4] J. Greeley, M. Mavrikakis, Catalysis Today, 111 (2006) 52.  
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Toward the nanoscale design of catalysts for fuel cells: A computational approach  

Guofeng Wang, Department of Chemistry and Physics, University of South Carolina Aiken, 471 
University Parkway, Aiken, SC 29801, Fax: 803-641-3382, guofengw@usca.edu  

Understanding electro-catalysts in the nanoscale is essential in their design and synthesis processes. To 
this end, I developed a multi-scale simulation approach to investigating the catalytic performance of a 
series of bimetallic Pt-M alloys. The approach is: (1) developing interatomic potentials for Pt-M alloys 
within the modified embedded atom method based on first-principles computation data, (2) applying these 
potentials to determine the equilibrium structure and composition of Pt-M extended and nanoparticle 
surfaces using the Monte Carlo method, and (3) evaluating the catalytic performance of Pt-M alloys using 
density functional theory methods by calculating the adsorption and dissociation of O2 and H2O on the 
alloy surface. I have performed studies for three Pt-M alloys (Pt-Ni, Pt-Re, and Pt-Mo) that represent 
different fashions of Pt segregation to surfaces. This multi-scale approach is easily extendable to other 
multi-component Pt alloys to find a technically and economically optimal catalyst for fuel cells.  
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Combinatorial first-principles screening of alloys for electrocatalysis: The hydrogen evolution 
reaction  

Jeffrey P Greeley1, Thomas F. Jaramillo2, Jacob Bonde2, Ib Chorkendorff2, and Jens K. Norskov3. (1) 
Center for Nanoscale Materials, Argonne National Laboratory, 9700 S Cass Ave, Argonne, IL 60439, 
jgreeley@fysik.dtu.dk, (2) Center for Independent Nanoparticle Functionality, Technical University of 
Denmark, (3) Center for Atomic-scale Materials Design, Technical University of Denmark  

Density Functional Theory-based techniques have the potential to efficiently screen large numbers of 
transition metal alloys for desirable catalytic properties. However, the triple challenges of identifying 
suitable descriptors for reactions of interest, of efficiently calculating the values of these descriptors on 
different metals and alloys, and of reliably estimating the stability of promising catalytic candidates in 
reactive environments, have generally precluded the application of these techniques to electrocatalytic 
systems.  

In this talk, we describe a general, computationally-based methodology for electrocatalyst screening. The 
method employs DFT calculations to estimate important features of catalytic performance, including 
activity, structure, and stability, and it is applied to the analysis of hundreds of transition metal alloys for 
the hydrogen evolution reaction (HER). The best candidate to emerge from the screening, a surface alloy 
of Bi and Pt, is tested experimentally and is shown to have higher catalytic activity than pure Pt, the 
archetypical HER catalyst.  

 

 


