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PHYS 55 [644953]:  Computation driven directed evolution of a beta-lactamase 
Virginia W. Cornish, Shalom Goldberg, Debleena Sengupta, Ben Gherman, and Richard A. Friesner, Department 
of Chemistry, Columbia University, 3000 Broadway, Havemeyer Hall, MC 3111, New York, NY 10027, Fax: 212-
932-1289 
 
The targets of beta-lactam antibiotics, penicillin-binding proteins (PBPs), are believed to have evolved into beta-
lactamases, the bacterial resistance enzymes that hydrolyze and therefor inactivate these antibiotics. Both PBPs and 
beta-lactamases are serine-protease type enzymes that form an acyl-enzyme intermediate. But while beta-lactamases 
efficiently catalyze hydrolysis of the acyl-enzyme intermediate, PBPs are very poor catalysts of this hydrolysis 
reaction and so are trapped as the acyl-enzyme intermediate and inactivated. Here we present our results using 
mixed quantum mechanics/molecular mechanics (QM/MM) calculations to guide the directed evolution of a 
penicillin-binding protein into a beta-lactamase.  
 
 
PHYS 56 [642682]:  Dissecting molecular recognition with phage-displayed protein libraries 
Gregory A. Weiss, Ken Sato, Phillip Tam, Katsuyuki Murase, and Sara K. Avrantinis, Department of Chemistry, 
U.C. Irvine, 516 Rowland Hall, University of California, Irvine, Irvine, CA 92697-2025, Fax: 949-824-8571, 
gweiss@uci.edu 
 
Libraries of protein variants have been used to identify sidechain residues contributing to receptor function through 
favorable contacts. Shotgun scanning with phage-displayed libraries of wild-type and alanine residues substituted in 
specific positions can quantify sidechain contributions to protein function. This 'reverse protein engineering' 
approach has been used to identify forces responsible for the unusually strong streptavidin-biotin interaction, the 
stability of M13 bacteriophage coat proteins, and the model protein-DNA interaction engrailed homeodomain 
binding to a specific DNA sequence. Shotgun scanning with homologous substitutions offers a method to elucidate 
more subtle forces required for protein specificity and optimal binding. In addition to the structure/activity 
information obtained from homolog shotgun scanning, the method can be used to rapidly affinity mature 
polypeptides.  
 
 
PHYS 57 [642354]:  Novel diversity for the creation of protein function 
Marc Ostermeier, Department of Chemical and Biomolecular Engineering, Johns Hopkins University, 3400 N. 
Charles St., Baltimore, MD 21218, Fax: 410-516-5510, oster@jhu.edu 
 
The directed evolution toolbox contains a number of well-established methodologies (e.g. random mutagenesis and 
DNA shuffling) for improving such protein properties as stability, catalytic activity and substrate specificity. What 
are lacking are methods for the creation of new function where no function exists. Traditional directed evolution 
methods generate diversity by mutating genes and recombining homologous genes but maintaining gene length and 
order of gene sequences. We are developing two strategies for the introduction of allosteric properties into proteins 
that utilize diversity created in novel ways: random domain insertion (which utilizes diversity in the order of 
sequences) and conditional heterodimerization (which utilizes diversity in the gene length).  
 
 



PHYS 58 [644849]:  Computational and experimental analysis of DNA shuffling 
Narendra Maheshri, and David V. Schaffer, Department of Chemical Engineering and the Wills Neuroscience 
Institute, University of California at Berkeley, 201 Gilman Hall, Berkeley, CA 94720-1462, 
naren@uclink.berkeley.edu 
 
We describe a computational model of DNA shuffling, SHUFFIT, based on the thermodynamics and kinetics of this 
process. The model independently tracks a representative ensemble of DNA molecules and records their states at 
every stage of a shuffling reaction. These data can subsequently be analyzed to yield information on any relevant 
metric, including reassembly efficiency, crossover number, type, and distribution, and DNA sequence length 
distributions. The predictive ability of the model was validated by comparison to three independent sets of 
experimental data, and analysis of the simulation results led to several unique insights into the DNA shuffling 
process. We examine a tradeoff between crossover frequency and reassembly efficiency and illustrate the effects of 
experimental parameters on this relationship. Furthermore, we discuss conditions that promote the formation of 
useless °§junk°¨ DNA sequences or multimeric sequences containing multiple copies of the reassembled product. 
We are making SHUFFIT accessible to researchers (http://www.cchem.berkeley.edu/~schaffer/shuffling) in order to 
aid in the design of optimal shuffling reaction conditions. 
 
 
PHYS 59 [641498]:  Nonlinear optical molecular imaging 
Richard D. Schaller1, Kelly P. Knutsen2, Lynn F. Lee2, Justin C. Johnson2, and Richard J. Saykally2. (1) Physical 
Chemistry and Applied Spectroscopy C-PCS, Los Alamos National Laboratory, C-PCS, MS-J585, Los Alamos, NM 
87545, Fax: 505-667-7289, rdsx@lanl.gov, (2) Department of Chemistry, University of California, Berkeley, CA 
94720-1460, Fax: 510-642-8369, saykally@uclink4.berkeley.edu 
 
We are exploring the use of nonlinear optical spectroscopy for near-field and far-field imaging of soft matter, 
seeking to exploit the environmental (surface vs. bulk) and molecular (via resonance enhancement) specificity 
inherent in this approach, combining nonlinear optical spectroscopy with Near-Field Scanning Optical Microscopy 
to achieve ca. 100 nm spatial resolution, Second Harmonic Generation (SHG) has been used to image membrane-
associated perforin granules in Natural Killer Cells, Third Harmonic Generation (THG) has been used to image the 
distribution of oxyhemoglobin in red blood cells, and Coherent Anti-Stokes Raman spectroscopy (CARS) has been 
used to selectively image lipid-rich mitochondria in human liver cells. THG has also been employed in studies of the 
luminescing polymer MeH-PPV to reveal nanoscopic domains of chains exhibiting enhanced delocalization due to 
ground state overlap. Similar studies are underway in light harvesting dendrimers. Progress in applying these 
techniques to biological samples will be described. 
 
 
PHYS 60 [654844]:  Nonlinear laser microscopies and spectroscopies of the molecular dynamics of life 
Watt W. Webb, Applied Physics, Cornell University, 223 Clark Hall, Ithaca, NY 14853, Fax: 607-255-7658, 
www2@cornell.edu 
 
The dynamics of biomolecular processes can be accessed in vivo by multiphoton laser scanning microscopy and 
new ultradeep GRIN lens techniques for endoscopy. These methods can access manifestations of disease status deep 
in tissue, utilizing intrinsic tissue fluorescence and second harmonic generation. Recent applications include 
mapping and analysis of structural elastin, collagen and microtubules in brain, skin and nascent tumors. 
Measurements of metabolic state by multiphoton excitation of the autofluorescence molecule NADH in brain has 
been developed as a tool to study anoxia due to stroke and metabolic strain of neuronal signaling. Fluorescence 
Correlation Spectroscopy measures the dynamics of molecular mobility and reactions at nanomolar concentrations 
in solution and in living cells. New methods for observing chemical kinetics of individual enzymes at the high 
(micromolar) biological substrate calculations, fast chemical kinetics and efficient single molecule identification 
techniques based on optical nanostructures are to be reported. 
 
 
PHYS 61 [644146]:  Coherent anti-Stokes Raman scattering (CARS) microscopy: Cellular imaging with 
vibrational contrast 
Eric O Potma, Ji-Xin Cheng, Xiaolin Nan, and X. Sunney Xie, Department of Chemistry and Chemical Biology, 
Harvard University, 12 Oxford Street, Cambridge, MA 02138, Fax: 617-496-8654, potma@fas.harvard.edu 



 
CARS microscopy is becoming a valuable tool for visualizing live cells with chemical selectivity. A vibrational 
sensitive technique, CARS microscopy generates images of unstained biological samples with high sensitivity and 
high 3D spatial resolution. In this contribution we discuss the most recent advances in CARS microscopy and its 
applications to cell biology. 

 
 
 
PHYS 62 [639768]:  Simultaneous force and fluorescence dynamics of single antigen-antibody pairs 
William F. Heinz, Peter Yim, Clemence Daeron, and Lori S. Goldner, Optical Technology Division, National 
Institute of Standards and Technology, 100 Bureau Dr, Mail Stop 8442, Gaithersburg, MD 20899-8442, Fax: 301-
840-8551, william.heinz@nist.gov 
 
Interactions between molecules depend on many variables including separation distance, orientation, conformation, 
and local environment. Two single molecule techniques, atomic force microscopy (AFM) and single-molecule 
fluorescence spectroscopy (SMFS) are sensitive to those parameters. The combination of AFM force spectroscopy 
and SMFS provides a more complete description of the interaction between molecules and the effects of molecular 
orientation, conformation, and dynamics on the interaction forces as a function of separation distance. Here we 
present a combined AFM and scanning confocal microscope capable of simultaneous single molecule detection and 
manipulation. Using a simple system, antibodies directed against a fluorophore, we investigate the coupled 
intermolecular interactions and fluorescence quenching dynamics of a ligand-receptor pair during forced 
binding/unbinding. We present simultaneous SMFS measurements on the AFM forced-unbinding of single antigen-
antibody pairs in aqueous buffer and examine correlations between fluorescence intensity, separation distance, 
applied load, and binding state.  
 
 
PHYS 63 [635843]:  Femtosecond pulse shaping approaches to multiphoton imaging 
Warren S. Warren1, Wolfgang Wagner2, Peifang Tian1, and Tong Ye3. (1) Department of Chemistry, Princeton 
University, Princeton, NJ 08544, Fax: 609-258-6746, wwarren@Princeton.edu, (2) Department of Biomedical 
Engineering, Rutgers University, (3) Department of Radiology, University of Pennsylvania Medical School 
 
Multiphoton imaging with fluorescence detection has proven to be a powerful method for moderately deep tissue 
imaging (several hundred microns) with molecular specificity. However, many important endogenous biomolecules 
(such as NAD) do not fluoresce. We have shown that a variety of femtosecond pulse shaping methods permit high 
sensitivity detection of two-photon absorption, instead of fluorescence, which opens up a wider range of molecular 
targets. It also facilitates use of lower excitation wavelengths, which permit greater tissue penetration. 
 
 



PHYS 64 [642137]:  Approaches to infrared and visible reflectance spectroscopic imaging 
Ira W. Levin, Daniel C. Fernandez, Scott W. Huffman, Karel J. Zuzak, and Rohit Bhargava, Laboratory of 
Chemical Physics, National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases, 
Building 5/B1-32, Bethesda, MD 20892-0510, Fax: 301-496-0825, iwl@helix.nih.gov 
 
For probing, non-invasively, molecular heterogeneity in the micron to millimeter range, we have developed in our 
laboratory several spectroscopic techniques involving both infrared and visible reflectance spectroscopies. The 
vibrational infrared approaches couple appropriate microscopes and dedicated spectroscopic instrumentation 
specifically for examining biological tissue, for monitoring dynamic processes and for characterizing polymeric 
mixtures, while our novel visible reflectance spectral imaging technique is used in the context of clinical, real-time 
in vivo applications. Imaging methods are relative newcomers to the vast array of particularly vibrational 
techniques. While they inherit the versatility and data bases of traditional single point detection approaches, the 
integration of digital imaging technologies allows new perspectives in spectral interpretations. We shall first discuss 
Fourier transform (FTIR) spectroscopic imaging utilizing mid-infrared step-scan and continuous- scan 
interferometry coupled to infrared microscopes and appropriate infrared focal-plane array (FPA) and linear array 
detectors. This integrated instrumentation represents basically a multiplex/multichannel approach for acquiring 
experimental data. Secondly, we shall describe a visible reflectance spectroscopic methodology based upon liquid 
crystal tunable filter (LCTF) technology and two-dimensional CCD detection. 
 
 
PHYS 65 [643353]:  Supermolecular stereochemistry in liquid crystals 
David M. Walba1, Eva Körblova1, Renfan Shao2, Joseph E. Maclennan2, Darren R. Link2, Matthew A. Glaser2, 
David A. Coleman2, Jonathan Fernsler2, Michi Nakata2, and Noel A. Clark2. (1) Department of Chemistry, 
University of Colorado, 215 UCB, Boulder, CO 80309, Fax: 303-492-5894, walba@colorado.edu, (2) Department 
of Physics, University of Colorado 
 
Tilted smectic liquid crystals (LCs) possess polar symmetry, and a macroscopic electric dipole moment, when the 
molecules are enantiomerically enriched. Recently, a class of chiral smectic LCs composed of "bent-core" achiral or 
racemic molecules has been discovered. In the field these LCs are termed "banana phases," and studies suggest that 
a large variety of interesting new phases are formed. Most of the known banana phases are antiferroelectric, which 
according to our models is due not to Coulombic forces but rather entropic considerations. The directed design, 
synthesis, and structure of a ferroelectric banana phase will be described. In this phase the presence of a spontaneous 
splay in the polarization causes periodic layer-spacing fluctuations and undulating smectic layers with a wavelength 
of 500Å.  
 
 
PHYS 66 [636954]:  Liquid-crystalline phases of anisotropic inorganic Nanocrystals 
A. Paul Alivisatos, Department of Chemistry, University of California, Berkeley and Lawrence Berkeley National 
Laboratory, B62 Hildebrand Hall, Berkeley, CA 94720-1460, Fax: 510-642-6911 
 
In recent years there have been several advances that permit the preparation of anisotropic rod or disk shaped 
nanocrystals with tight control of the size distribution and the aspect ratio. These nanocrystals will spontaneously 
form lyotropic liquid crystalline phases at sufficiently high density in solution. These liquid crystalline phases are of 
considerable interest from both fundamental and practical points of view. Compared to conventional organic or 
macromolecular liquid crystals, the electric, optical, and magnetic properties can cover a much wider range. The 
nature of the forces between the nanocrystals can vary considerably depending upon the polarizability, dipole 
moment, and magnetization of the nanocrystals. This talk will describe recent work to determine the phase diagrams 
for CdSe nanorods, as well as for iron oxide and Co nanodisks. In addition, work to produce macroscopic alignment 
with external electric and magnetic fields of the inorganic nanocrystal liquid crystal phases will be described 
 
 
PHYS 67 [644127]:  Tubelets: A new phospholipid tubule intermediate 
Britt N. Thomas, and Bijaya K. Mishra, Department of Chemistry, Louisiana State University, Choppin Hall, Baton 
Rouge, LA 70803, Fax: 225-578-3456, bthomas@lsu.edu 
 



A novel sample preparation technique enables attainment of unprecedented detail in scanning-electron microscopy 
probes of the ribbon-like multilayer phospholipid membranes that wind helically to form the closed cylinders known 
as "tubules." 
These lyotropic liquid-crystalline structures are show to exist principally in two configurations: 1) helically-wound, 
cylindrical segments that we interpret as tubule precursors; and 2) axially-wound "gaussian" segments. A single 
ribbon typically alternates between these states, and the chiral sense of these windings can change abruptly at the 
segment junctions. 
 
 
PHYS 68 [642195]:  Phase transitions and molecular detection in a lipid membrane-derivatized colloid 
Michael M. Baksh1, Michal Jaros2, and Jay T. Groves2. (1) Physical Bioscience Divsion, Lawrence Berkeley 
National Laboratory, 111 Lewis Hall, University of California, Berkeley, Fax: 510-643-6232, MMBaksh@lbl.gov, 
(2) Department of Chemistry, University of California, Berkeley, 111 Lewis Hall, Fax: 510-643-6232, 
michaljaros@yahoo.com, JTGroves@lbl.gov 
 
Two – dimensional dispersions of lipid membrane – derivatized silica beads exhibit colloidal phase transitions that 
are governed by membrane surface interactions. The collective phase behavior serves as a cooperative amplifier that 
produces a readily detectable response from a small number of molecular events on the membrane surface. Using 
direct optical imaging, we observe multiple near-equilibrium phases and find that protein binding to membrane – 
associated ligand at densities as low as 10-4 monolayer can trigger a phase transition. Statistical analysis of bead pair 
distribution functions enables quantitative comparison among different membrane systems and reveals subtle, pre-
transition effects. 
 
 
PHYS 69 [632402]:  Geometric approach to self-assembly 
Randall D. Kamien, Department of Physics and Astronomy, University of Pennsylvania, 209 S. 33rd St., 
Philadelphia, PA 19104-6396, Fax: 215-898-2010, kamien@physics.upenn.edu 
 
We propose a heuristic explanation for the numerous non-close-packed crystal structures observed in various 
colloidal systems. By developing an analogy between soap froths and the soft coronas of fuzzy colloids, we provide 
a geometrical interpretation of the free energy of soft spheres. Within this picture, we show that the close-packing 
rule associated with hard-core interaction and positional entropy of particles is frustrated by a minimum-area 
principle associated with the soft tail and internal entropy of the soft coronas. We find that the A15 lattice, known to 
be area minimizing, is favored for a reasonable range of model parameters and so it is among the possible 
equilibrium states for a variety of colloidal systems. We extend these ideas to diblock copolymers and find new, 
stable sphere-like phases.  
 
 
PHYS 70 [644529]:  Nematic-isotropic transition in liquid crystalline elastomers 
Banahalli R Ratna, Jonathan V Selinger, Jawad Naciri, Amritha Srinivasan, and Jim Kim, Center for 
Bio/Molecular Science and Engineering, Naval Research Laboratory, 4555 Overlook Avenue SW, Washington, DC 
20375, Fax: 202-767-9509, ratna@nrl.navy.mil 
 
Anisotropic freestanding films and fibers of nematic elastomers from laterally attached side-chain polymers show 
reversible shape change. The orientational order of the liquid crystal side groups imposes a conformational 
anisotropy in the polymer backbone. When a large change in the order parameter occurs, as at the nematic-isotropic 
phase transition, there is a concomitant loss of order in the backbone which results in a contraction of the film/fiber 
in the direction of the director orientation. The induced strain varies smoothly across the NI transition due to the 
quenched disorder combined with the effects of applied and internal stresses. Monte Carlo simulations show that this 
smoothening of the transition is consistent with random-bond disorder. Strains can also be induced in a nematic 
elastomer film via the reorientation of the mesogens by an applied voltage. The effect of the random-field disorder 
in this case near the N-I transition will be discussed.  
 
 
PHYS 71 [634890]:  Influence of oxygen vacancies on surface and interface reactions on the rutile TiO2(110) 
surface 



Flemming Besenbacher, Renald Schaub, Erik Wahlström, Anders Rønnau, Peter Thostrup, and Erik Lægsgaard, 
Interdisciplinary Nanoscience Center, CAMP and Department of Physics and Astronomy, University of Aarhus, Ny 
Munkegade, Aarhus DK-8000, Denmark, fbe@phys.au.dk 
 
Defects such as oxygen vacancies often dominate the electronic and chemical properties of transition-metal oxide 
surfaces. I will review recent studies on a prototypical model oxide surface - rutile TiO2(110) - where we have 
exploited our high-resolution STM to study how oxygen vacancies influence surface and interface reactions. A 
novel and surprising O2-mediated diffusion mechanism of oxygen vacancies on TiO2(110) will be presented. 
Bridging oxygen vacancies are found to be the active nucleation sites for Au clusters on the rutile TiO2(110) surface 
and we find that each vacancy site can bind 3 Au atoms on average. The change in morphology of the gold nano-
clusters, exposed to CO and O2, both under UHV and high pressure conditions, will be discussed. 
 
 
PHYS 72 [639814]:  Structure and reactivity of metal clusters at oxide surfaces characterized by time-
resolved DXAFS and STM 
Yasuhiro Iwasawa1, Ken-ichi Fukui2, Satoru Takakusagi1, Akane Suzuki1, and Masaharu Nomura3. (1) 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, (2) Department of Chemistry, Graduate School of Science 
and Engineering, Tokyo Institute of Technology, (3) Photon Factory, KEK 
 
In this study we attempted to obtain the information on how and when cluster structures change during chemical 
processes, which will help to discover unidentified chemistry of dynamics of catalytically active metal clusters at 
surfaces. We have succeeded in monitoring time-dependent Ru and Rh cluster structures at oxide surfaces in a 
molecular scale by time-resolved energy-dispersive X-ray absorption fine structure (DXAFS). This paper also 
reports the structure and reactivity of Pt nano-clusters prepared by metal-organic chemical vapor depositin 
(MOCVD) and metal vapor deposition (MVD) on TiO2(110) surfaces, which were characterized by scanning 
tunneling microscopy (STM).  
 
 
PHYS 73 [635032]:  Structures and complexes of size-selected silver clusters 
Martin Moskovits1, Tom Haslett2, and Ken Bosnick2. (1) Chemistry, UCSB, 2217 Cheadle Hall, Santa Barbara, CA 
93106, mmoskovits@mail.lsit.ucsb.edu, (2) Chemistry, University of Toronto 
 
Size-selected metal cluster were prepared by mass-filtering cations from a sputtered cluster beam, retarding the 
clusters so as to minimize fragmentation upon impact, then neutralizing the positively charged clusters in a stream of 
thermionic electrons in the presence of cold rare gas such as argon. Using this technique we were able to determine 
unequivocal structures for Ag5 and Ag7, show that the dimetalcarbonyl formed from size-selected Fe dimers is the 
octacarbonyl rather than the eneacarbonyl and determine upper bounds for the SERS enhancement resulting from 
resonance enhancement alone (<1000). 
 
 
PHYS 74 [659061]:  The structure of Au in Au/titania catalysts, used in the epoxidation of propene in H2/O2 
mixtures 
Jacob A. Moulijn1, Aalbert Zwijnenburg1, Wim G. Sloof2, Menno W. J. Crajé3, and Michiel Makkee1. (1) Reactor 
and Catalysis Engineering, Delft University of Technology, Julianalaan 136, 2628 BL Delft, Netherlands, (2) 
Materials Science and Technology, Delft University of Technology, (3) Interfacultair reactor Instituut, Delft 
University of Technology 
 
Traditionally, gold has been regarded as a beautiful metal without any potential in catalysis. Recently, this picture 
has changed completely. It was discovered that nanosize clusters of gold are exceptionally active. For instance, in 
the presence of the rightly prepared Au catalysts CO oxidation occurs at high rates below 0 oC. Au/titania catalysts 
show potential in a commercially extremely important reaction, viz., the production of ethene epoxide from propene 
and a mixture of hydrogen and oxygen. 
Results will be presented from a thorough characterization of the gold clusters by a combination of XPS, TEM and 
197Au Mössbauer absorption spectrometry. The deposition-precipitation method used lead to gold particle sizes 
ranging from 3 to 6 nm. The mechanism is based on bifunctional catalysis: Au catalyses the formation of 



hydroperoxide-like species from oxygen and hydrogen, while the epoxidation of propene takes place at the titania 
support. It will be shown that all information indicates that metallic gold is the active phase during epoxidation.  
 
 
PHYS 75 [644377]:  Shape, sintering and SERS from size-selected metal clusters on oxide supports 
Steven K. Buratto, Department of Chemistry and Biochemistry, UCSB, Santa Barbara, CA 93106, Fax: 805-893-
4120, buratto@chem.ucsb.edu 
 
I will discuss our recent progress in probing the shape and sintering of size-selected Ag and Au clusters supported 
on titania surfaces using STM. We probe the evolution of the cluster shape as a function of temperature, surface 
conditions and defect density. We have also probed the cluster shape under catalytic conditions in the oxidation of 
unsaturated hydrocarbons such as ethylene and propylene. In addition we have used a metal tip over individual 
clusters to enhance the electric field within the tip-cluster gap by several orders of magnitude. We have used this 
enhanced field to record the SERS spectrum of molecules within the gap. 
 
 
PHYS 76 [642024]:  Phase transition of reaction dynamics in glassy environment 
Jaeyoung Sung, and Robert J. Silbey, Department of Chemistry, Massachusetts Institute of Technology, 77 
Massachusetts Ave., Room 6-230, Cambridge, MA 02139, jaeyoung@mit.edu 
 
We derive the exact evolution equation and the boundary condition for a reactive continuous time random walker 
with arbitrary waiting time distributions for transport and reaction processes. Expressions for the probability 
distribution function and the survival probability of the reactive continuous time random walker are also presented. 
The results predict a novel phase transition in the behavior of the relaxation dynamics and ultimate survival 
probability. 
 
 
 
PHYS 77 [644903]:  Effects of dynamical heterogeneity on translational diffusion and single-molecule studies 
in glass forming liquids 
YounJoon Jung, Department of Chemistry, University of California Berkeley, 35 Gilman, Berkeley, CA 94720-
1460, younjoon@gold.cchem.berkely.edu, David Chandler, Department of Chemistry, University of California, 
Berkeley, and Juan P. Garrahan, Department of Physics, University of Oxford 
 
Based upon the coarse-grained model, we study translational and rotational diffusions of probe molecules in glass 
forming liquid systems. In particular, within purely dynamical and geometrical aspects, we present novel 
explanations of the breakdown of the Stokes-Einstein relation that has been observed in many glass forming liquid 
systems near the glass transition temperature. We have also studied implications of the dynamical heterogeneities on 
recent single molecule experiments of glass forming liquids. We investigate the distribution of the dynamical 
heterogeneities probed by single probe molecules over different coarse-graining timescales through numerical 
simulations. Based on our simulation results, we propose a new experimental measurement involving correlations 
among single probe molecules that will provide informations on the distributions of dynamical heterogeneity. 
 
 
PHYS 78 [638941]:  Self-diffusion near Tg in single component glass formers 
Mark D. Ediger, and Stephen Swallen, Department of Chemistry, University of Wisconsin, 1101 University 
Avenue, Madison, WI 53706, Fax: 608-262-0381, ediger@chem.wisc.edu 
 
The self-diffusion coefficient is arguably the single most important measure of mobility in a liquid. We present the 
first direct measurement of self-diffusion of a single-component glass-forming liquid at the glass transition 
temperature. Forward Recoil Spectrometry (FReS) is used to measure the concentration profiles of deuterio and 
protio 1,3-bis-(1-naphthyl)-5-(2-naphthyl)benzene (TNB) following annealing-induced diffusion in a vapor 
deposited bilayer. These experiments extend the range of measured diffusion coefficients in TNB by 6 orders of 
magnitude. While rotational correlation times have previously been found to track the viscosity, these new results 
indicate a decoupling of translational diffusion from viscosity or rotation. At Tg, D is 500 times larger than expected 



from the Stokes-Einstein equation. These results are qualitatively consistent with previous measurements of dye 
diffusion in TNB and explain the unusual temperature dependence of crystal growth rates in TNB.  
 
 
PHYS 79 [642295]:  Single-particle dynamics in deeply supercooled liquids 
John T. Fourkas1, Thomas J. Kempa2, Richard A. Farrer2, and Robert M. Dickson3. (1) Department of Chemistry, 
Boston College, Merkert Chemistry Center, 2609 Beacon St., Chestnut Hill, MA 02467, Fax: (617) 552-6887, 
fourkas@bc.edu, (2) Eugene F. Merkert Chemistry Center, Boston College, (3) School of Chemistry and 
Biochemistry, Georgia Institute of Technology 
 
Photoluminescence from metallic nanoparticles with nanometer diameters has been used to study orientational 
dynamics in a deeply supercooled liquid, 4,4'-(octahydro-4,7-methano-5H-inden-5-yliden) bisphenol dimethyl ether 
(ODE). We explore the dependence of the bulk orientational correlation time on the bulk ODE viscosity to show that 
nanoparticles can provide a useful probe of local dynamics, and we discuss single-particle orientational diffusion 
trajectories. We will also compare the information available from two- and three-dimensional orienational 
trajectories. 
 
 
PHYS 80 [660384]:  Quenching-in of different high T complexities of glassformers for leisurely study at lower 
temperatures 
C. Austen Angell1, Yuanzheng Yue2, Li-Min Wang1, John R. D. Copley3, Steve Borick4, and Stefano Mossa5. (1) 
Department of Chemistry and Biochemistry, Arizona State Universtiy, Main Campus, P.O. Box 871604, Tempe, AZ 
85287, Fax: 480-965-7972, caa@asu.edu, (2) Chemistry, University of Aalborg, (3) National Institute of Standards, 
(4) Scottsdale Community College, (5) Center for Statistical Mechanics and Complexity, Universita di Roma 
 
We describe a series of experiments on glass-forming liquids that are motivated by a common idea. The idea is that 
of trapping in a high enthalpy, high entropy, state of the system by quenching to the glassy state at extreme rates, 
and then observing the way the system evolves at low temperatures during a controlled annealing procedure. In this 
manner, events that normally occur during change of temperature may be observed occurring during passage of 
time, at much lower temperatures. At these low temperatures, the smearing effects of vibrationally excited modes 
may be greatly reduced. For simple glassformers we study both relaxational properties and vibrational properties 
and find that the high fictive temperature states are characterized by short relaxation times (already known) and 
considerably more intense boson peaks (less well known) [1]. The thermodynamic consequences of the increased 
populations of these low frequency modes are examined with the help of computer simulation and normal mode 
calculations on model glassformers. Behavior in the vibrational DOS at constant pressure is strikingly different from 
that at constant volume. For glassformers that can exhibit liquid-liquid transitions, one can use the cold equilibration 
approach to determine the fragility of the high temperature phase, and the enthalpy of the liquid-liquid transition, see 
ref.2. Finally, for solutions of complex molecules with interesting internal molecular transitions, such as proteins, 
we can quench in the unfolded states and then, using special non-crystallizing solvents, observe the molecular 
reorganization to low energy states as it occurs at temperatures far below the normal folding temperature [3]. 
References. [1] C. A. Angell, Yuanzheng Yue, Limin Wang, John R. D. Copley, Steve Borick and Stefano Mossa. J. 
Phys. Cond Matt 15, , S1051-S1068 (2003) [2] M. C. Wilding, P. F. McMillan, Polyamorphic transitions in yttria-
alumina liquids, J. Non-Cryst. Solids 293, 357 (2001). [3] C. A Angell and Limin Wang., in Biophys. Chem., Walter 
Kauzmann Festschrift, 2003 in galley).  
 
 
PHYS 81 [644985]:  Anatomy of a string: Correlated particle motion in simulated supercooled liquids 
Sharon C. Glotzer, Yeshitila Gebremichael, Michael Vogel, and Magnus Bergroth, Department of Chemical 
Engineering, University of Michigan, Ann Arbor, MI 48109, sglotzer@umich.edu 
 
We present new results of a detailed investigation of correlated particle motion in model supercooled liquids studied 
via molecular dynamics simulation. We investigate in particular the tendency for correlated motion to occur in 
strings. We present a detailed analysis that elucidates how and why strings form, the degree of coherence of particle 
motion within strings, the lifetime of strings, and the role of strings in facilitating structural relaxation in the liquid. 
[1] Y. Gebremichael, M.I. Vogel and S.C. Glotzer, "String-like correlated particle motion in a Dzugutov liquid," 
preprint.  



[2] M. Bergroth, A. Keyes, Y. Gebremichael, M.I. Vogel and S.C. Glotzer, work in progress.  
[3] M. Aichele, Y. Gebremichael, F.W. Starr, J. Baschnagel, and S.C. Glotzer, "Polymer specific effects on string-
like correlated motion in a glass-forming polymer melt," preprint.  
[4] M.I. Vogel, B. Doliwa, A. Heuer and S.C. Glotzer, "Particle rearrangements and transitions between inherent 
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Dynamics in a Model Glass-forming Liquid,'' J. Chem. Phys. 112, 9834 (2000).  
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a Supercooled Liquid,'' Phys. Rev. Lett. 80, 2338 (1998). 
 
 
PHYS 82 [658814]:  Evolutionary perspectives on protein folding, structure, and thermodynamics 
Richard A. Goldstein, Department of Chemistry, University of Michigan, Ann Arbor, MI 48109-1055, Fax: 734-
647-4865, richardg@umich.edu 
 
Proteins fold into their native-state conformations in milliseconds to seconds, ignoring theoretical estimates that this 
process should take many times the age of the universe. Much work is directed to understanding how proteins are so 
much smarter than theorists, who cannot even reliably predict what the final folded states will be. Proteins have one 
major advantage over theorists - proteins have been working on this problem for billions of years. We can consider 
different ways in which proteins may have evolved to solve the protein-folding problem. Using simple theoretical 
models, we can show how neutral evolution and population dynamics combined with the need to fold can explain 
many of the observed properties of proteins, including the way proteins fold, the distribution of observed protein 
structures, the marginal stability of proteins, and how the evolutionary robustness of protein structures co-exists with 
sequence plasticity. 
 
 
PHYS 83 [644418]:  Protein building blocks for recombination 
Zhen-Gang Wang, Division of Chemistry and Chemical Engineering, California Institute of Technology, 1200 E. 
California Blvd., Mail Code 210-41, Pasadena, CA 91125, Fax: 626-568-8743, zgw@cheme.caltech.edu 
 
In vitro recombination is a powerful tool for tuning and optimizing protein functions. It promotes the rapid 
accumulation of beneficial traits from multiple parents onto a new single offspring. Recombination also plays a key 
role in natural evolution in the generation of diverse antibodies, synthases, and proteases through the swapping of 
well-defined structural domains. However, while there have been several approaches to identifying the building 
blocks of proteins, the principles that govern whether a polypeptide fragment can be exchanged among different 
proteins remain unclear. We have recently developed a computational algorithm called SCHEMA for identifying the 
structural units that can be swapped among homologous proteins without disrupting the three-dimensional structure 
of the protein. This talk will discuss the SCHEMA method and its application in guiding recombination 
experiments.  
 
 
PHYS 84 [644428]:  Exploring sequence space by structure-guided recombination 
Jonathan J. Silberg, Michelle M. Meyer, Christopher R. Otey, and Frances H. Arnold, Division of Chemistry and 
Chemical Engineering, California Institute of Technology, Mail Code 210-41, Pasadena, CA 91125, Fax: 626 568 
8743, joff@cheme.caltech.edu 
 
Anecdotal evidence from DNA-shuffling experiments suggests that recombination can rapidly accumulate beneficial 
mutations onto a single offspring and possibly find novel and beneficial combinations of amino acids that are neutral 
in their original, parental contexts. Little information exists, however, on the relationship between mutation level 
and evolution of protein function, i.e. how evolution of function scales with the number of effective mutations 
incorporated by recombination. We are using structure-based tools to identify polypeptide elements that can be 
swapped among related proteins without disrupting their three-dimensional structure. By recombining these 
elements in a combinatorial fashion we are creating well-defined libraries of diverse sequences (using distantly-
related ß-lactamase or cytochrome P450 homologs as parents), a large fraction of which are predicted to retain 
parental fold. We are analyzing the structures and activities of proteins in these chimeric libraries, and investigating 
whether these proteins can display interesting behaviors, including ones not known in nature. 



 
 
PHYS 85 [644365]:  Focused saturation mutagenesis for antibody affinity maturation 
K. Dane Wittrup1, Katarina Midelfort2, Shaun Lippow1, Brenda A. Kellogg3, and Bruce Tidor4. (1) Chemical 
Engineering & Bioengineering, Massachusetts Institute of Technology, MIT 66-552, Cambridge, MA 02139, Fax: 
617-258-5766, wittrup@mit.edu, (2) Biological Engineering, MIT, (3) Department of Chemistry, Massachusetts 
Institute of Technology, (4) Biological Engineering Division and Department of Electrical Engineering & Computer 
Science, Massachusetts Institute of Technology 
 
There is substantial and expanding activity in the development of antibody drugs, and therapeutic efficacy is often 
directly related to antigen binding affinity. We have demonstrated previously that directed evolution by yeast 
surface display is a powerful method for identifying mutant antibodies with extremely high affinity, however such 
mutants often possess functionally consequential mutations in framework residues that raise the specter of human 
immunogenicity along the clinical development pathway. It is of interest to identify which sites in the 
complementarity determining regions (CDRs) can be mutated to obtain improved affinity. We have taken both 
computational and experimental approaches to finding those sites most amenable to mutagenic improvement, using 
as model systems the 4-4-20 antibody against fluorescein and the D1.3 antibody against lysozyme. 
 
 
PHYS 86 [642659]:  Evolution and mis-evolution of antibodies in the immune system 
Michael W. Deem, and Jeong-Man Park, Departments of Bioengineering and Physics & Astronomy, Rice 
University, 6100 Main Street - MS 142, Houston, TX 77005-1892, Fax: 713-348-5811, mwdeem@rice.edu 
 
We introduce a model of protein evolution to explain limitations in the immune system response to vaccination and 
disease. The phenomenon of original antigenic sin, wherein vaccination creates memory sequences that can increase 
susceptibility to future exposures to the same disease, is explained as stemming from localization of the immune 
system response in antibody sequence space. This localization is a result of the roughness in sequence space of the 
evolved antibody affinity constant for antigen and is observed for diseases with high year-to-year mutation rates, 
such as influenza.  
 
 
PHYS 87 [636616]:  Doing chemistry with MCSCF wavefunctions 
Michael W. Schmidt, Department of Chemistry/Scalable Computing Laboratory, Iowa State University & Ames 
Laboratory, 201 Spedding Hall, Ames, IA 50011, mike@si.fi.ameslab.gov 
 
The primary driving force behind several decades of work on MCSCF methods has been this wavefunction’s utility 
in describing chemical reactions including bond breaking. However, bond breaking is just one example of electron 
unpairing/re-pairing, and indeed MCSCF wavefunctions are also useful for the description of excited states or 
ionization processes. A number of technical improvements to programs for the generation of MCSCF wavefunctions 
will be presented, including scalable integral transformations, improved CI methodology permitting increasingly 
larger active spaces, strategies for orbital optimization, and treatments for dynamic correlation. Some speculation 
about future progress will be given. Although MCSCF’s success in treating reactive channels is well known, this 
method also provides useful chemical interpretations. Indeed, it is one of the strong points of MCSCF that it 
involves an active space, allowing one to focus attention on the reacting electrons and the shapes of the orbitals that 
hold them. Orbital invariance within the active space (and within the doubly occupied space) permits localized or 
natural orbital generation. Expressing the wavefunction in terms of the former, in particular, leads to a great deal of 
chemical insight into bonding patterns. This will be demonstrated by examples drawn from previous and current 
research using MCSCF methods.  
 
 
PHYS 88 [643518]:  Assessing quantum chemical methods for bond breaking: Single-reference, multi-
reference, and minimalist models 
C. David Sherrill, School of Chemistry and Biochemistry, Georgia Tech, Atlanta, GA 30332-0400, Fax: 404-894-
7452, sherrill@chemistry.gatech.edu 
 



Various single- and multi-reference methods have been evaluated for their performance in bond breaking reactions 
by comparing to full configuration interaction potential energy curves, which represent the exact solution of the 
electronic Schroedinger equation for a given one-particle basis set. Even in the simplest case of breaking a bond to a 
hydrogen atom, the best unrestricted single-reference method in common use, UCCSD(T), exhibits nonparallelity 
errors of about 3 kcal/mol. Available multi-reference methods provide significant improvement, although at the 
price of increased complexity and computational cost. New, minimalist models of bond breaking in a generalized 
restricted active space configuration interaction (RAS CI) framework will be described, and various choices of 
orbitals for both single- and multi-reference approaches have been explored. Finally, different basis sets have been 
compared for their performance in full configuration interaction benchmarking, and natural orbitals are found to 
dramatically improve predictions of molecular properties.  
 
 
PHYS 89 [642106]:  Direct CI and MCSCF method for multiple active spaces with variable occupations 
Joseph Ivanic, Advanced Biomedical Computing Center, National Cancer Institute at Frederick, SAIC Frederick, 
P.O. Box B, Frederick, MD 21702, Fax: 301-846-5762, jivanic@ncifcrf.gov 
 
In order to reduce the number of ineffective configurations in a priori generated configuration spaces, a direct 
configuration interaction (CI) method has been developed which limits the electron occupations of orbital groups 
making up a total active space. A wavefunction is specified by firstly partitioning an active space into an 
unrestricted number of orbital groups and secondly by providing limiting values, in the form of minima and maxima, 
for the electron occupancies of each group. The CI problem corresponding to all possible determinants satisfying 
these conditions is solved in a fully direct manner by the use of Slater-Condon expressions in conjunction with 
single and double replacements. This CI approach, termed Occupation Restricted Multiple Active Space-CI 
(ORMAS-CI), has also been linked with orbital optimization programs to produce the ORMAS-SCF method. 
Several applications will be presented demonstrating that large CI spaces may be drastically reduced with negligible 
loss of accuracy. 
 
 
PHYS 90 [636419]:  String product space self-consistent field method and second-order perturbation theory 
Haruyuki Nakano, Department of Chemistry, Kyushu University, Fukuoka 812-8581, Japan, nakano@qcl.t.u-
tokyo.ac.jp 
 
A multiconfiguration self-consistent field (SCF) method is presented where the string product space (SPS), the 
product space of alpha- and beta-string spaces, is used as a variational space. The computational effort for 
wavefunctions is significantly reduced compared with the complete active space self-consistent field (CAS-SCF) 
method, and yet the accuracy is comparable to the CAS-SCF case. A computational scheme and some numerical 
examples for potential energy surfaces and excitation energies are shown. Furthermore, a multiconfigurational 
quasi-degenerate perturbation theory (MC-QDPT) [Nakano, J. Chem. Phys., 99, 7983 (1993)] using the SPS-SCF 
reference wavefunctions is also presented. The inclusion of dynamic correlation by the second-order MC-QDPT 
scheme fairly improves the SPS-SCF results, giving chemical accuracy. 
 
 
PHYS 91 [643594]:  Large full valence spaces without configurational deadwood 
Laimutis Bytautas, and Klaus Ruedenberg, Ames Laboratory USDOE and Department of Chemistry, Iowa State 
University, Ames, IA 50011, Fax: 515 294 0266, bytautas@fi.ameslab.gov 
 
Molecular electronic structures are described by wavefunctions consisting of (i) zeroth-order terms (SCF or 
MCSCF) and (ii) refinement terms (accounting for dynamic correlation). In most systems, the fundamental 
understanding of bond forming and breaking as well as reaction paths emerges from the zeroth-order terms. A 
classical and effective zeroth-order choice is the optimized full valence-space of deformed minimal-basis atomic 
orbitals. While even this limited configuration space grows too large for practical use in moderately sized molecules, 
its growth is largely due to vast increasing amounts of ineffective configurations. We have developed a systematic 
procedure for eliminating a-priori all configurational deadwood and thereby reducing the configurational expansion 
by orders of magnitude. The reduction fraction moreover increases with the size of the molecule, making larger 
systems accessible. In this context, we have shown CI expansions generated from split-localized orbitals to converge 
faster than those generated from natural orbitals. 



 
 
PHYS 92 [644266]:  Imaging, spectroscopy and dynamics of single biomolecules: From in vitro to in vivo 
studies 
X. Sunney Xie, Department of Chemistry and Chemical Biology, Harvard University, 12 Oxford Street, Cambridge, 
MA 02138, Fax: 617-496-8709, xie@chemistry.harvard.edu 
 
Our single-molecule experiments have shown that an enzyme is a dynamical entity whose conformation and 
enzymatic rate undergo constant fluctuation over a broad range of time scales. The phenomenon has been observed 
in several systems: cholesterol oxidase, flavin reductase, and exo-nuclease. Various single-molecule experiments, 
such as observing enzymatic turnovers by fluorescence, probing conformational dynamics by photoinduced electron 
transfer, and studying DNA/enzyme interaction by a simple flow assay, have led to new insights into the fluctuating 
enzymes. We are conducting single-molecule experiments in live cells. Our results on imaging the expression of a 
single gene in a bacterium cell will be presented. 
 
 
PHYS 93 [635853]:  What can we learn about protein folding from single-molecule FRET trajectories? 
Gilad Haran, Elizabeth Rhoades, and Mati Cohen, Chemical Physics Department, Weizmann Institute of Science, 
Rehovot 76100, Israel, Fax: 972-8-9344123, gilad.haran@weizmann.ac.il 
 
We develop single-molecule fluorescence spectroscopy as a tool for studying protein folding dynamics. Protein 
molecules are specifically labeled with donor and acceptor probes for fluorescence resonance energy transfer 
(FRET). The labeled molecules are trapped within surface-tethered lipid vesicles. This immobilization method 
allows extended observation periods, while minimally affecting the properties of the trapped molecules. Protein 
molecules are prepared at the denaturation mid-point using a chemical denaturant, and their FRET trajectories show 
transitions between a broad range of intermediate states, which can be classified in two groups, the ‘folded’ 
ensemble and the ‘unfolded’ ensemble. This complex behavior provides direct evidence for the availability of 
multiple folding pathways, as predicted by theory. Further, statistical analysis of trajectories and transitions enables 
us to characterize the diffusional dynamics of proteins on their energy landscape. 
 
 
PHYS 94 [643209]:  Emerging frontiers in single-molecule fluorescence imaging 
W. E. Moerner1, Marija Vrljic1, Stefanie Nishimura1, Harden M. McConnell1, Katherine A. Willets1, and Robert J. 
Twieg2. (1) Department of Chemistry, Stanford University, Stanford, CA 94305-5080, Fax: 650-725-0259, 
wmoerner@stanford.edu, (2) Department of Chemistry, Kent State University 
 
In the past dozen years, single-molecule fluorescence techniques have been used to explore heterogeneity, kinetics, 
local orientations, energy transfer, and the behavior of single quantum systems in fields ranging from biophysics, to 
quantum optics, and to materials science. Recently, some groups have begun to explore the behavior of individual 
fluorescent molecules in the challenging environment of living cells. By extrinsic labeling of an antigenic peptide, 
we have completed a detailed study of the diffusion of single copies of major histocompatibility complexes of type 
II (MHCII) in the membranes of CHO cells. The results from this study bear on fundamental properties of the cell 
membrane, in particular on the presence of significant confinement restricting the motion of the MHCII 
transmembrane proteins and the role of cholesterol. In recent work, we have discovered a new class of fluorophores 
amenable to single-molecule imaging in polymeric hosts, with potential for use in biological environments.  
 
 
PHYS 95 [643293]:  Single molecule protein folding 
William A. Eaton, Laboratory of Chemical Physics, National Institutes of Health, Building 5, Room 104, Bethesda, 
MD 20892-0520, eaton@helix.nih.gov 
 
Protein folding is an inherently heterogeneous process because of the very large number of microscopic pathways 
that connect the myriad of unfolded conformations to the unique conformation of the native structure. In a first step 
toward the long-range goal of describing this pathway distribution experimentally, we have measured Förster 
resonance energy transfer on single, freely diffusing or flowing molecules. From the results we are able to obtain 
properties of the free energy surface for folding that have not or cannot be obtained from ensemble experiments.  



 
 
PHYS 96 [643573]:  Single molecule fluorescence polarization for real-time structural dynamics of 
macromolecules 
Yale E. Goldman, Pennsylvania Muscle Institute and Department of Physiology, School of Medicine, University of 
Pennsylvania, Richards Bldg. D-700, Philadelphia, PA 19104-6083, Fax: 215-898-2653, 
goldmany@mail.med.upenn.edu 
 
Novel total internal reflection fluorescence microscopes can detect dynamic signals from single fluorophores. This 
technology has now achieved 1 - 2 nm positional precision at 0.5 s time resolution and 5° – 10° angular precision at 
20 ms time resolution. Combined with methods to insert fluorescent probes into macromolecules at known local 
orientation without destroying their function, these advances allow mechanistically relevant structural dynamics to 
be detected in functioning complexes. Myosin V is a molecular motor that processively carries vesicular cargoes 
within brain and pigment cells. During motility, a calmodulin (CaM) light chain on myosin V switches abruptly 
between two discreet the three-dimensional orientations. Translocation of the CaM alternates between larger and 
smaller steps. These results provide strong evidence that processive motility is due to hand-over-hand stepping 
generated by a tilting CaM lever arm. The techniques should be applicable to many other supra-molecular machines. 
Work of many coworkers and collaborators and support by the NIH, NSF, MRC are gratefully acknowledged. 
 
 
PHYS 97 [654974]:  Clusters: Insights into surface reactions and catalyst involving oxygen transfer processes 
A. W. Castleman Jr., Departments of Chemistry and Physics, Penn State University, University Park, PA 16802 
 
Small clusters are comprised mainly of surface atoms or molecules and their study can provide useful information 
related to surface science. As a complementary approach to conventional surface studies widely used in the field of 
catalysis, it is becoming increasingly recognized that cluster science can also help elucidate the physical and 
chemical properties of condensed phase catalysts and, can provide detailed information on the mechanisms of 
reactions and the nature of various reaction sites that enables certain catalytic materials to be especially effective. In 
addition, the possible direct use of clusters as catalysts has aroused interest due to the difference in reactivities often 
observed for nanoscale materials compared to conventional bulk catalysts. 
 
 
PHYS 98 [641163]:  Infrared spectroscopy of size-selected cluster-adsorbate complexes 
Michael A. Duncan Jr., Department of Chemistry, University of Georgia, Athens, GA 30602-2556, Fax: 706-542-
1234, maduncan@uga.edu 
 
Weakly bound complexes of the form Mx+-(L)y (M=Fe, Ni, etc.; L=CO2, C2H2, H2O, benzene, etc.) are prepared 
by laser vaporization in a pulsed-nozzle cluster source. These species are mass analyzed and size-selected in a 
reflectron time-of-flight mass spectrometer. Clusters are photodissociated at infrared wavelengths with a Nd:YAG 
pumped infrared optical parametric oscillator/amplifier (OPO/OPA) laser or with a tunable infrared free-electron 
laser. In the past, it has been impossible to study the infrared spectroscopy of molecules like these because the 
density produced in the gas phase is too low to detect. Now, however, the intense infrared available from OPO’s or 
free-electron lasers makes it possible to do either single-photon or multiphoton photodissociation spectroscopy. For 
example, Fe+-(CO2)x complexes absorb near the free CO2 asymmetric stretch near 2349 cm-1 but with an 
interesting size dependent variation in the resonances. Small clusters have blue-shifted resonances, while larger 
complexes have additional bands due to surface CO2 molecules not attached to the metal. Intracluster reactions are 
observed for complexes of nickel or cobalt that couple acetylene molecules to make pi-bonded cyclobutadiene. 
M+(benzene) and M+(benzene)2 ions (M=V, Ti, Fe) represent half-sandwich and sandwich species, whose spectra 
are measured near the free benzene modes. These new IR spectra and their assignments will be discussed as well as 
other new IR spectra for similar complexes. 
 
 
PHYS 99 [667344]:  Size-selected cluster models for nm-scale catalysts: Adsorption & reactions in an 
atmospheric-pressure flow reactor 
Andrew J. Leavitt1, Melissa G. Arredondo1, William T. Wallace2, Richard B. Wyrwas2, and Robert L. Whetten2. 
(1) Department of Chemistry, State University of West Georgia, Carrollton, GA 30118, aleavitt@westga.edu, (2) 



Schools of Chemistry & Biochemistry and Physics, Georgia Institute of Technology, Atlanta, GA 30332, 
whetten@chemistry.gatech.edu 
 
Gas-phase clusters can offer benchmark-level understanding of many important gas-solid processes, including those 
implicated in operating catalysts. Reactions of selected clusters are measured mass-spectrometically over a range of 
size-, composition-, coverage- and charge-states. Molecular adsorbates are introduced in an atmospheric-pressure 
flow-reactor, such that thermal adsorption kinetics and equilibria are measured over the entire range of relevant 
temperature and coverage. Adsorption isotherms and kinetic parameters are related to catalytic activity and 
compared with predictions of high-level theory. In this paper, selected results will be presented on the following 
systems: gold-cluster air-purification catalysis; carbon clusters as model soot-catalysts for SO2 oxidation; vanadium-
oxide cluster redox reactions; and sodium-chloride cluster reactions relevant to atmospheric aerosol catalysis. 
 
 
PHYS 100 [657790]:  Infrared spectroscopy on size-selected gas-phase clusters and cluster adducts 
Gert von Helden1, Andre Fielicke1, and Gerard Meijer2. (1) FOM Institut for Plasmaphysics Rijnhuizen, 
Edisonbaan 14, NL-3439 MN Nieuwegein, Netherlands, (2) Fritz-Haber-Institut der Max-Planck-Gesellschaft 
 
There are a variety of methods to spectroscopically investigate molecules and clusters in the gas-phase. In the 
infrared (IR) spectral region, methods are often limited by the availability of bright and tunable light sources. We 
use pulsed radiation from the free-electron laser FELIX to measure vibrational spectra of size-selected gas-phase 
clusters. FELIX has a tuning range from 2000 to 40 wavenumbers. The light comes in 5-microsecond-long 
macropulses energies of up to 150 mJ. This makes FELIX the ideal tool to resonantly pump large amounts energy 
into gas-phase species. This absorbed energy can then cause secondary processes such as fragmentation or 
ionization to occur. Measuring their yield as a function of excitation wavelength gives an IR spectrum of the 
molecule or cluster. Here, we report on IR spectra of transition metal-oxide clusters, as well as spectra of the clusters 
complexed with small organic molecules. 
 
 
PHYS 101 [643894]:  Atomic-scale structure of RuS2 nanoclusters from Ru3(CO)12 and S2 precursors 
Tanhong Cai, Zhen Song, Gang Liu, Jose A. Rodriguez, and Jan Hrbek, Department of Chemistry, Brookhaven 
National Laboratory, Building 555, Upton, NY 11973, Fax: 631-344-5815, tcai@bnl.gov 
 
RuS2 has been shown to be the most active catalyst for hydrodesulfurization. Using XPS and STM, we studied the 
formation and the structure of RuS2 nanoclusters supported on an Au(111) template, which are of interest as a model 
catalyst. The adsorption and decomposition of Ru3(CO)12 on Au(111) surface yields islands of non-coalescing 3D 
metallic Ru nanoclusters with narrow size distribution. After exposure to S2 at room temperature, Ru/Au(111) reacts 
with sulfur, forming RuS2 characterized by 1.6 eV shift in binding energy of Ru 3d core levels. In contrast, the 
Ru(0001) surface does not form sulfide under the identical conditions. The STM studies show that the morphology 
of metallic ruthenium cluster-islands is preserved after reaction with sulfur. Upon annealing, small part of sulfide is 
found as truncated triangular islands. Atomic-resolution STM images show that these clusters are one layer thick 
RuS2 nanocrystllites with their (111) plane parallel to the Au(111) substrate. 
 
 
PHYS 102 [643258]:  Size-, packing density-, and shape-controlled nanocrystal-coated nanotube fabrication 
using molecular recognition and conformation control of sequenced peptides 
Ipsita A. Banerjee1, Lingtao Yu2, and Hiroshi Matsui2. (1) Department of Chemistry, The City University of New 
York, Hunter College, 695, Park Venue, New York, NY 10021, (2) Department of Chemistry, City University of 
New York, Hunter College 
 
With recent interest in seeking new biologically inspired, device fabrication methods for nanotechnology, we are 
developing a new biological approach to fabricate metal nanowires by using sequenced peptide nanotubes as 
templates. The sequenced peptide molecules were assembled as nanotubes and the biological recognition of the 
sequenced peptide toward metals lead to efficient metal nanocrystal coatings such as Au, Ag, Cu, Ni on the 
nanowires. Highly crystalline metal nanocrystals were uniformly coated on the peptide nanotubes with the high-
density coverage. The conformations and the charge distributions of the sequenced peptide on surfaces, determined 
by pH and ion concentrations in the growth solutions, control the size and the packing density of nanocrystals. In the 



case of Ag nanocrystals, the shape of nanocrystals was also controlled. It should be noted that metallic nanocrystals 
in diameter around 6 nm are in the size domain to observe significant conductivity change by changing the packing 
density, and therefore this system may be developed to a conductivity-tunable building block. We believe this 
simple metal nanowire fabrication method can be applied to various metals and semiconductors with peptides whose 
sequences are known to mineralize specific ions. 
 
 
PHYS 103 [638678]:  Fluctuating ages in glassy dynamics 
Leticia F. Cugliandolo, Laboratoire de Physique Theorique, ENS and Jussieu Paris France, 24 rue Lhomond, 75231 
paris cedex 05, France, leticia@lpt.ens.fr 
 
Firstly, I shall summarize some of the main features of the averaged and global non-equilibrium relaxation of glassy 
systems, weakly sheared viscous liquids and weakly tapped granular matter, and how these results have been 
successfully reproduced with a mean-field-like analytic approach. Secondly, I shall explain the outcome of more 
refined experimental and numerical measurements that point at examining the dynamics at a mesoscopic scale. 
Finally, I shall discuss a theoretical approach for the local mesoscopic dynamics and how its predictions compareto 
numerical and experimental results.  
 
 
PHYS 104 [642603]:  Emergence of glassy dynamics in a lattice model with constraints 
Bulbul Chakraborty, Martin Fisher School of Physics, Brandeis University, 415 South Street, MS 057, Waltham, 
MA 02454, Fax: 781-736-2915, bulbul@brandeis.edu 
 
The glass transition in supercooled liquids is heralded by non-exponential relaxations and a growth of relaxation 
times characterized by the Vogel-Fulcher law. We have studied the stochastic dynamics of a lattice model with 
locally jammed states: i.e., local rearrangements cannot change the state. We find that the constraints on the 
rearrangements lead to relaxation processes dominated by traps that are entropic in origin. Using results of 
simulations, a master equation describing the order parameter dynamics has been derived. The longest relaxation 
time can be calculated exactly from this master equation and exhibits a Vogel-Fulcher divergence. The origin of this 
divergence can be traced back to ``effective’’ barriers that diverge. The nature of the order parameter relaxation can 
also be calculated exactly and is non-exponential. I will compare these dynamics to the landscape dynamics 
observed in supercooled liquids. 
 
 
PHYS 105 [644067]:  Slow-relaxation and non-hydrodynamic behavior 
James Witkoskie, Department of Chemistry, Massachusetts Institute of Technology, MIT, 2-121, 77 Mass. Ave, 
Cambridge, MA 02139, jbw@mit.edu, Jianlan Wu, Department of Chemistry, MIT, and Jianshu Cao, Chemistry, 
MIT, 77 MASS. Ave, Room 6-237A, Cambridge, MA 02139, Fax: 617-253-7030, JIANSHU@MIT.EDU 
 
This talk discusses dynamic approaches to calculate slow relaxation and stochastic models to describe non-
hydrodynamic behavior. (1) Systematic approaches are used to calculate power-law and stretched exponential 
relaxation of many-body systems. In the hydrodynamic regime, Gaussian factorization is applied to evaluate 
memory kernels and is shown to recover the mode coupling effects. (2) A central result of this analysis is the 
relationship between the non-Gaussian behavior of the bilinear density correlation function and the non-exponential 
nature of linear hydrodynamic modes. This relation reveals the nature of non-linear measurements within the 
validity of the mode-coupling approximation and suggests the need for new dynamic models far away the 
hydrodynamic limit. (3) On the phenomenological level, the motion of Brownian test particles in a solvent near the 
glass transition can be modeled by diffusion in a stochastic potential with spatial-temporal correlation. The one-
particle diffusion and two-particle correlation exhibit signatures indicative of a glassy system. The connection of the 
stochastic diffusion model to other hopping models are discussed and their limitations in describing realistic liquids 
are examined. 
 
 
PHYS 106 [643990]:  L'evy distribution of single molecule line shape cumulants in glasses 
Eli J. Barkai, Department of Chemistry, Notre Dame University, 251 Nieuwland Science Hall, Notre Dame, IN 
46556-5670, Fax: 574-631-6652, jbarkai@nd.edu, Yuri G Vainer, Moscow Reg. 142190, Institute of Spectroscopy, 



Russian Academy of Sciences, Lothar Kador, Institute of Physics and Bayreuther Institut f$\ddot{u}$r 
Makromolek$\ddot{u}$lforschung (BIMF), Institute of Physics and BayreuthUniversity of Bayreuth, and Robert J. 
Silbey, Department of Chemistry, Massachusetts Institute of Technology 
 
Experimental advances have made it possible to measure the spectral line shape of a single dye molecule embedded 
in different types of glassy materials. Because each individual molecule is in a unique static and dynamic 
environment, the line shapes of chemically identical single molecules varies from molecule to molecule. The 
problem of ensemble averaging is at last removed. Using the Geva-Skinner model we examine the statistical 
properties of line shapes of single molecules in a low temperature glass described by the standard tunneling model. 
In this model, a random distribution two level systems (TLS) interacts with the molecule via {\em long range 
interaction} (e.g., dipolar). We show that L\'evy statistics fully characterizes the properties of the single molecule 
spectral line both in the {\em fast} and {\em slow modulation limits}. Computer simulation show that the slow 
modulation limitis valid for certain parameter set relevant to experiment. Analyzing recent the experimental data, 
obtained by the groups of Vainer and Kador, we show that L\'evy statistics is compatible with the experimental data. 
The relation between L\'evy statistics and long range interacting systems is not limited to our model system, we 
discuss other long range interacting systems where this relation was overlooked. The experiment and data analysis 
yield: (i) direct evidence for the existence of TLSs in glasses, and (ii) proof that standard tunneling model 
predictions work well (a few molecules being interesting exceptions). 
 
 
PHYS 107 [655452]:  Nanoscale noise in glass 
Nathan Israeloff, Department of Physics, Northeastern University, 111 Dana Research Center, 110 Forsyth St., 
Boton, MA 02115, Israeloff@neu.edu 
 
A number of recent experiments and simulations strongly support the idea that dynamics are spatially heterogeneous 
in glassy materials. Relaxation times appear to be correlated over a few nanometers, supportive of the notion of 
cooperatively-rearranging-regions (CRR) containing of order 100 molecules. But details of the local cooperative 
dynamics are still mysterious. Certain issues, such as the heterogeneity lifetime, and whether local relaxation within 
a CRR is exponential, remain controversial. I will describe experiments in which molecular cooperativity was 
directly observed near the glass transition, through nanoscale probing of dielectric relaxation, and dipolar noise in 
polymer glasses. The dynamics and evolution of individual CRR was studied. Surprisingly, individual CRR were 
found to revisit a handful (2-4) of configurations up to hundreds of times. Statistical analysis of the noise gives 
information about the lifetime of the CRR, the local shape and evolution of the energy landscape, and the evolution 
from exponential to nonexponential response within a CRR.  
 
 
PHYS 108 [659300]:  Dynamically selective heating in viscous liquids 
Ranko Richert1, Ken R. Jeffrey2, and Kalyan Duvvuri1. (1) Department of Chemistry and Biochemistry, Arizona 
State University, Tempe, AZ 85287, Fax: 480-965-2747, ranko@asu.edu, (2) Department of Physics, University of 
Guelph 
 
Polar liquids are associated with dielectric loss which results in energy dissipation if exposed to a large amplitude 
sinusoidal electric field. We employ model calculations using the dielectric and calorimetric properties of 
supercooled glycerol in order to demonstrate that the effect of electric field heating is measurable under realistic 
conditions. In particular, the dynamically heterogeneous character of viscous liquids leads to an increase in the 
effective temperature of only those domains whose relaxation time matches the frequency of the electric 'burn field'. 
These computational results are compared with dielectric hole-burning measurements on supercooled glycerol 
across a large range of burn frequencies. The agreement between model and experiment demonstrates that fast and 
slow relaxations are independent (most likely spatially separated) and correlated with the time scale of the respective 
heat capacity contributions. The picture is consistent with frequency resolved heat capacity data on glycerol. It is 
argued that dielectric hole-burning effects can be rationalized on the basis of dynamically selective heating, where 
the local dipole temperature and the phonon bath temperature are only weakly coupled.  
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