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EMSL—the Environmental Molecular Sciences Laboratory—is a U.S. Department of Energy (DOE) 
national scientific user facility located at Pacific Northwest National Laboratory (PNNL) in Richland, 
Washington. EMSL is operated by PNNL for the DOE Office of Biological and Environmental Research. At 
one location, EMSL offers a comprehensive array of leading-edge resources and expertise. 

Access to the instrumentation and expertise is obtained on a peer-reviewed proposal basis. Users are 
participants on accepted proposals. Staff members work with users to expedite access. The EMSL Quarterly 
Highlights Report documents research and activities of EMSL staff and users. 

Research Highlights 
Atmospheric Aerosol Chemistry 

Comparative Analysis of Urban Atmospheric Aerosol by 
Particle-Induced X-Ray Emission (PIXE), Proton Elastic 
Scattering Analysis (PESA), and Aerosol Mass Spectrometry 
(AMS) 

KS Johnson(a),(b), A Laskin(c), JL Jiminez(d), V Shutthanandan (c), LT Molina(a),(e), D Salcedo(f), 
K Dzepina(d), and MJ Molina(a),(g) 
(a) Massachusetts Institute of Technology, Cambridge, Massachusetts 
(b) Finnegan, Henderson, Farabow, Garrett, and Dunner, LLP, Washington, D.C. 
(c)  EMSL, Richland, Washington 
(d) University of Colorado, Boulder, Colorado 
(e) Molina Center for Energy and the Environment, La Jolla, California 
(f) Universidad Autonoma del Estado de Morelos, Cuernavaca, Morelos, Mexico 
(g) University of California, San Diego, La Jolla, California 
 
EMSL researchers and users have conducted the first comparison of data sets obtained from proton-induced X-ray emission 
(PIXE) and proton elastic scattering analysis (PESA) to aerosol mass spectrometry (AMS) aerosol measurements, constituting, 
to the researchers’ knowledge, the first report of PESA hydrogen fraction measurements in urban organic aerosols.  This 
multidisciplinary research can help researchers more accurately interpret data from large, expensive aerosol studies and is vital in 
devising strategies to reduce the impact of aerosols on the climate. 
 
A multidisciplinary team from Massachusetts Institute of Technology, EMSL, University of Colorado, Molina 
Center for Energy and the Environment, and Universidad Autonoma del Estado de Morelos in Mexico 
published the first comparison of data sets obtained from proton-induced X-ray emission (PIXE) and proton 
elastic scattering analysis (PESA) to aerosol mass spectrometry (AMS) measurements. The team compared 
the results of PIXE and PESA, both at EMSL, with AMS results (Figure 1). PIXE, PESA, and AMS use 
different methods of analysis yet provided complementary data sets. By utilizing the strengths of each 
instrument, scientists can more accurately interpret the results of studies on air pollution, an important issue 
for human health and environmental protection. 
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As part of the novel study, the team found 
good agreement between the sulfur 
measurements from PIXE and AMS. This 
comparison will allow scientists to vet field 
results with laboratory measurements and 
vice versa. Also, they found discrepancies 
between the hydrogen mass fractions 
assessed from PESA and AMS 
measurements. The discrepancy was 
attributed to the presence of nonvolatile 
organic compounds in aerosol samples. 
These compounds were not vaporized in the 
PESA and therefore were detected by the 
PESA method, while AMS detects organic 
aerosols of relatively high volatility. The 
study highlights the fact that complementary 
aerosol analysis capabilities can be used in 
the same environmental setting to provide 
comprehensive information about the 
amount of volatile and nonvolatile particles 
in the air.   
 
This research, funded by the Mexican 
Metropolitan Environmental Commission, 
National Science Foundation, Environmental 
Protection Agency, and DOE, was published 
in Environmental Science and Technology. 
 
Citation 
 
Johnson KS, A Laskin, JL Jiminez, V Shutthanandan, LT Molina, D Salcedo, K Dzepina, MJ Molina. 2008. 
"Comparative Analysis of Urban Atmospheric Aerosol by Particle-Induced X-ray Emission (PIXE), Proton 
Elastic Scattering Analysis (PESA), and Aerosol Mass Spectrometry (AMS)." Environmental Science and 
Technology 42(17):6619-6624 . 
 
 

Figure 1. Complementary capabilities of PIXE, PESA, and AMS 
measurements were used to provide comprehensive data for 
analysis of atmospheric aerosols in Mexico City. 
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Biological Interactions and Dynamics  

De novo Sequencing of Unique Sequence Tags for Discovery 
of Post-Translational Modifications of Proteins 

Y Shen(a), N Tolic(b), KK Hixson(b), SO Purvine(b), GA Anderson(a), and RD Smith(a) 
(a) Pacific Northwest National Laboratory, Richland, Washington 
(b) EMSL, Richland, Washington 
 
EMSL researchers and users have developed a unique strategy that allows for unambiguous and highly confident protein 
identifications, which can help better identify changes that signal disease, potentially improving techniques for early disease 
detection and monitoring changes in environmentally important organisms. 
 
To improve proteomics studies of heart disease, cancer, 
neurodegenerative diseases, and diabetes, EMSL researchers and users 
developed a novel strategy that expands protein identifications beyond 
those predicted from genomic sequences. Their approach combines de 
novo sequencing and the UStag approach to discover post-translational 
modifications in proteins. De novo sequencing derives a peptide 
sequence without the help of a database of known protein sequences. 
The UStag approach uses a peptide sequence to unambiguously and 
uniquely identify a single protein. 
 
The combined de novo—UStag approach, funded in part by EMSL’s 
2007 Intramural Research Program, allows scientists to discover 
protein posttranslational modifications, including complex multiple 
unknown/unexpected modifications on single protein sequences, and 
discover sequence mutations and genome-predicted database sequence 
errors. This research and other discoveries are advancing EMSL’s goal 
of being able to predict biological functions from molecular and 
chemical data. 
 
This research, which was funded by EMSL’s Intramural Research 
Program, DOE’s Office of Biological and Environmental Research, 
and the National Institutes of Health’s National Center for Research 
Resources, was featured on the cover of the October 15, 2008, issue of 
Analytical Chemistry (Figure 1). 
 
Citation 
 
Shen Y, N Tolic, KK Hixson, SO Purvine, GA Anderson, and RD Smith. 2008. "De novo Sequencing of 
Unique Sequence Tags for Discovery of Post-Translational Modifications of Proteins." Analytical Chemistry 
80(20):7742-7754. 
 

 
Figure 1.  A new approach that 
characterizes previously unknown 
protein modifications was featured 
on the cover of Analytical 
Chemistry. 
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The Effects of Aging on the Luminescence of P5EG-Coated 
Water-Soluble ZnO Nanoparticles Solutions 

BK Woo(a), W Chen(a), AG Joly(b), and R Sammynaiken(c) 
(a) University of Texas at Arlington, Arlington, Texas 
(b) Pacific Northwest National Laboratory, Richland, Washington 
(c) University of Saskatchewan, Saskatoon, Saskatchewan, Canada 
 
A team of EMSL users has conducted basic research that is furthering the understanding of the interactions of nanoparticles and 
their surroundings, and is providing insights into biomedical uses of nanoparticles, such as treating malignant tumors. 
 
EMSL users from the University 
of Texas at Arlington, Pacific 
Northwest National Laboratory, 
and the University of 
Saskatchewan used EMSL 
expertise and instrumentation at to 
characterize the light-emitting 
properties of coated, water-soluble 
zinc oxide nanoparticles 
potentially useful in killing cancer 
cells. These particles could be 
targeted at malignant cells, 
followed by administration of X-
rays that would cause the particles 
to glow. The light would activate a 
photosensitive chemical, also on 
the particles, that, in turn, would 
create energized oxygen that could 
destroy nearby cancer cells. 
 
The team found that the particles’ 
coating of polyethylene glycol 
biscarboxymethyl increased the 
particles luminescence intensity 
over a period of 50+ days (Figure 
1). The resulting nanoparticles 
displayed increased luminosity 
relative to the uncoated water-
soluble particles. The uncoated 
particles luminesce because of defects on the surface. The coating fills in these defects, allowing the particles 
to rely on a different method of luminescence. This pathway is known as bandedge states. This 
characterization was done using the laser-based fluorescence spectrometer facilities at EMSL. The light from 
these particles can be used as part of an innovative treatment for deep tissue cancers, such as breast cancer. 
 
This research, supported by the University of Texas at Arlington, National Science Foundation, Department 
of Homeland Security, and Department of Defense, was featured in the Journal of Physical Chemistry C. 
 

 
Figure 1. The coating on the water-soluble zinc oxide particles allows 
them to deliver bright light for more than 7 weeks. 
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Citation  
 
Woo BK, W Chen, AG Joly, and R Sammynaiken. 2008. “The Effects of Aging on the Luminescence of 
P5EG-Coated Water-Soluble ZnO Nanoparticles Solutions.” Journal of Physical Chemistry C 112(37):14292-
14296. doi: 10.1021/jp803649k 

Automated Gain Control Ion Funnel Trap for Orthogonal 
Time-of-Flight Mass Spectrometry 

YM Ibrahim(a), ME Belov(a), AV Liyu(b), and RD Smith(a) 
(a) Pacific Northwest National Laboratory, Richland, Washington 
(b) EMSL, Richland, Washington 

 
EMSL users have developed improved mass spectrometry (MS) tools that detect peptides with ten times more sensitivity. Diverse 
applications of this new technology to environmental and biological research include early disease detection, identification of new 
pharmaceutical targets, and testing for agents that may threaten homeland security.  
 
A research team comprised of scientists from Pacific Northwest National Laboratory and EMSL upped the 
ante for mass spectrometry (MS) by adding an electrodynamic ion funnel trap (IFT) with automated gain 
control (AGC) to a conventional time-of-flight (TOF) MS system, allowing for optimized ion control. The 
first step to MS analysis is to generate ions by electrospray ionization; ions are then fed to a TOF MS for 
mass and charge analysis. Because the MS is typically coupled with another analytical tool (reversed-phase 
capillary liquid chromatography), ions are not generated at a constant rate, and the concentrations of ions 
passed to a TOF MS from an ion trap may exceed the TOF MS optimal detection range. By adding IFT with 
AGC to a conventional TOF MS system, the team was able to control the concentration of ions, minimizing 
the possibility of TOF MS detector saturation. In addition, ion accumulation in the IFT with AGC drastically 
improved signal-to-noise ratios for low-concentration analytes as compared to conventional TOF MS 
analysis.  
 
To test the effectiveness of the IFT 
AGC modification, the team 
analyzed the proteome of Shewanella 
oneidensis, a bacterium that can 
chemically modify and neutralize 
toxic metals without apparent harm 
to itself. Compared to conventional 
techniques, the team’s new and 
improved MS tool gave rise to ten 
times more sensitivity and greater 
mass measurement accuracy for 
analysis of low-concentration 
samples, yielding five times as many 
S. oneidensis unique peptides with the 
AGC mode (383 peptides) than with 
the conventional continuous mode of 
operation (73 peptides) (Figure 1).  
 
The research is supported by the 

 
Figure 1. Peak intensity for S.oneidensis MS measurements is greater in 
the AGC mode, demonstrating higher sensitivity of detection. 
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DOE Office of Biological and Environmental Research’s Genomes:GtL Program and the National Institutes 
of Health’s National Center for Research Resources and National Institute of Allergy and Infectious 
Diseases.  It was featured in Analytical Chemistry. 
 
Citation 
 
Ibrahim YM, ME Belov, AV Liyu, and RD Smith. 2008. "Automated Gain Control Ion Funnel Trap for 
Orthogonal Time-of-Flight Mass Spectrometry." Analytical Chemistry 80(14):5367-5376.  

 
Geochemistry/Biogeochemistry and Subsurface Science 
 
None reported. 
 

Science of Interfacial Phenomena 

Understanding How Surface Morphology and Hydrogen 
Dissolution Influence Ethylene Hydrogenation on Palladium 

Z Dohnálek(a), J Kim(a), and BD Kay(a) 
(a) Pacific Northwest National Laboratory, Richland, Washington 
 
EMSL users have discovered that the arrangement of palladium atoms can improve the metal's ability to speed reactions. The 
team from Pacific Northwest National Laboratory designed a catalyst so that the palladium atoms on the catalyst surface had 
plenty of hydrogen atoms nearby but few other palladium atoms. When they tested the catalyst, it added hydrogen to 50 percent of 
the target hydrocarbons, an order-of-magnitude improvement over unmodified palladium.  

Palladium (Figure 1, palladium surface) is an expensive industrial catalyst, costing about $180 an ounce. 
Designing the catalyst so that it performs better could mean less palladium is needed and more of the desired 
products are generated. This atom-by-atom design of the catalyst could open doors for controlling the 
physical and chemical properties of this important material.  

At EMSL, the team began by depositing palladium atoms at -420 Fahrenheit. To deposit the atoms, they 
placed a substrate at an oblique angle to make an extremely porous palladium film. They characterized the 
surface morphology using a combination of scanning electron microscopy and low-temperature physisorption 
techniques afforded by EMSL's suite of state-of-the-art instrumentation. The team saw that the deposition 
caused the atoms to be arranged in peaks and valleys.  

They tested the catalyst with a hydrogenation reaction, converting ethylene to ethane by adding hydrogen. 
They discovered that the tailored catalyst was more efficient than previous studies suggested. Typically, when 
palladium catalyzes the hydrogenation reaction, less than 1 percent of the ethylene is converted. Now, 50 
percent of the ethylene was converted.  
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Based on their observations of high 
catalytic activity, the team embarked 
on additional experiments. They 
grew thin layers of palladium on a 
nonporous substrate, creating a 
smooth surface. Then, they added a 
few extra palladium atoms on top.  

Again, the researchers noted the 
catalyst's improved efficiency. They 
analyzed the results and determined 
the catalyst worked for two reasons. 
First, the palladium atoms on the 
surface were unencumbered by 
nearby palladium atoms. Second, the 
thin films prevented the hydrogen 
atoms from diffusing into the bulk of 
the material. The thin films kept the 
hydrogen at the surface, where it 
could be used. Past studies did not see these results because thicker crystals soaked up the hydrogen.  

The researchers are now continuing to provide new insights into the behavior of catalysts that are of value to 
industrial and energy applications.   

This research, funded by DOE’s Office of Basic Energy Sciences, Chemical Sciences Division and which is 
part of PNNL’s Institute for Interfacial Catalysis, was featured in the Journal of Physical Chemistry C. 

Citation  

Dohnálek Z, J Kim, and BD Kay. 2008. "Understanding How Surface Morphology and Hydrogen 
Dissolution Influence Ethylene Hydrogenation on Palladium." Journal of Physical Chemistry C 112(40):15796-
15801.  

Figure 1.  Palladium surface. 
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Vacancy-Assisted Diffusion of Alcoxy Species on Rutile 
TiO2(110) 

Z Zhang(a), R Rousseau(a), J Gong(b), SC Li(b), BD Kay(a), Q Ge(c), and Z Dohnálek(a) 
(a) Pacific Northwest National Laboratory, Richland, Washington 
(b) University of Texas at Austin, Austin, Texas 
(c) Southern Illinois University, Carbondale, Illinois 
 

This study is the first to show how the vacancies on the surface of a titanium dioxide catalyst can aid in moving molecules. 
Learning how atoms behave on the surface of the catalyst could help tailor molecular delivery systems. For example, scientists 
could design a vacancy-rich system to lead the desired portions of an alcohol to sites where they are converted into hydrogen fuel and 
carbon dioxide. In addition, this atom-by-atom understanding can help in designing or refining technologies that use titanium 
dioxide, such as water purifiers, self-cleaning glass, and air purifiers.  

On the surface of a 
common catalyst, alcohol 
molecules do the 
unexpected: they hop with 
the help of defects, 
according to a team of 
EMSL users from the 
Pacific Northwest National 
Laboratory, University of 
Texas at Austin, and 
Southern Illinois University. 
The catalyst's surface has 
holes or vacancies where an 
oxygen atom should be, but 
isn't. Instead of ignoring 
these vacancies, the alcohol 
discards the hydrogen from 
its only oxygen and jumps 
into the vacancy. Then, the 
molecule hops from one 
vacancy to the next as they come nearby.   

The researchers combined experiment and theory at EMSL to study the behavior of alcohol on rutile titanium 
dioxide (Figure 1). For the experiments, they used imperfect titanium dioxide with holes or vacancies on the 
surface where oxygen atoms should be. Then, they added a 4-carbon alcohol, called 2-butanol.  

Using a state-of-the-art scanning tunneling microscope, they found that the alcohol did not behave as 
expected. The alcohol shed its hydroxyl hydrogen (see sidebar), leaving the oxygen exposed. The oxygen, still 
attached to the alcohol's carbons and hydrogens, jumped into the nearest hole. But, the oxygen did not stay 
put for long. It hopped from vacancy to vacancy as the vacancies came nearby.  

Figure 1. Images from a scanning electron microscope (top) and a simple model 
show how the oxygen from the alcohol (green with R on top) diffuses on the 
surface of titanium dioxide (the oxygen is represented by the blue spheres and the 
titanium by the purple). 
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Next, the team analyzed these results with detailed theoretical calculations. They found that this travelling 
behavior at low temperatures required less energy than the other route: breaking off the whole hydroxyl 
group and moving the hydrocarbon along the surface. To confirm these results, the team studied a range of 
alcohols, one to eight carbons in length. They found the same pattern of movement.  

The team is now moving on to determine how other molecules would break and diffuse on more active 
oxides, such as tungsten trioxide.  

The research was supported by DOE's Office of Basic Energy Sciences, Chemical and Material Sciences 
Division, the Robert A. Welch Foundation, the National Science Foundation, and PNNL’s Summer Research 
Institute.  Results were featured in Physical Review Letters. 

Citation 

Zhang Z, R Rousseau, J Gong, SC Li, BD Kay, Q Ge, and Z Dohnálek. 2008. "Vacancy-assisted Diffusion of 
Alkoxy Species on Rutile TiO2(110)." Physical Review Letters 101:156103.  

Self-Assembly of Cerium Oxide Nanostructures in Ice Molds 

AS Karakoti(a), SVNT Kuchibhatla(a),(b), DR Baer(b), S Thevuthasan(b), DC Sayle(c), and S 
Seal(a) 
(a) University of Central Florida, Orlando, Florida 
(b) EMSL, Richland, Washington 
(c) Defence Academy of the United Kingdom, Swindon, United Kingdom 
 
Defining the conditions under which nanoparticles can be made to self-
assemble into desired geometries opens new doors for nanomaterials 
research. In addition, many existing processes to manufacture 
nanomaterials use high molecular weight surfactants and solvents such as 
toluene, often generating chemical waste. EMSL staff and collaborators 
have demonstrated a new method to produce nanostructures that 
minimizes harm to the environment in a cost-effective manner. 
Nanomaterials produced with the research teams' new water-based 
method are less expensive and could drive technological advancements in a 
variety of nano-fields.  
 
EMSL researchers and their collaborators have tested a new 
way to build nanostructures that is “green” and elegantly 
simple. Taking a cue from nature, collaborators from EMSL, 
the University of Central Florida, and Defence Academy of 
the United Kingdom grew cerium oxide nanostructures inside 
the tiny voids that form in aqueous solutions upon freezing. 
By controlling solution freezing rate, nanoparticle 
concentration, and storage temperature, the team’s ice mold 
method may be used to produce nanostructures with tailored 
shapes and sizes that have a myriad of applications – from 
biology to electronics.  

Figure 1. Transmission electron microscopy 
image of a cerium oxide nanorod formed in an 
ice channel. 

 



EMSL Quarterly Highlights Report: 1st Quarter, FY09  

10 

The team’s green chemical method was made possible by two natural phenomena: solute rejection and self-
assembly. Upon freezing, aqueous solutions force out, or reject, impurities because they cannot be 
accommodated in the rigid lattice structure of ice. Depending on the freezing conditions, ice does not form a 
perfect lattice throughout. Rather, it has tiny pockets and channels. It is into these voids that impurities, in 
this case cerium oxide nanoparticles, become trapped together and can self-assemble.  
 
Upon freezing cerium oxide nanoparticles in solution at different temperatures and rates and storing the 
frozen solution for days to weeks, the research team used transmission electron microscopy and other tools 
to characterize the resulting nanostructures (Figure 1). They observed that cerium oxide nanoparticles trapped 
in channels in the ice formed nanorods, and those trapped in larger voids formed octahedral superstructures. 
The team’s experimental observations were consistent with molecular dynamics simulations of nanoparticle 
behavior under geometrically constrained conditions.  
 
This research, supported by the National Science Foundation, was featured in Small. 
 
Citation 
 
Karakoti AS, SVNT Kuchibhatla, DR Baer, S Thevuthasan, DC Sayle, and S Seal. 2008. “Self-Assembly of 
Cerium Oxide Nanostructures in Ice Molds.” Small doi:10.1002/smll.200800219. The work was also 
highlighted in Nature Nanotechnology, doi:10.1038/nnano.2008.259.  

Intrinsic Diffusion of Hydrogen on Rutile TiO2(110) 

SC Li(a), Z Zhang(b), D Sheppard(a), BD Kay(b), JM White(a), Y Du(c), I Lyubinetsky(c), G 
Henkelman(a), and Z Dohnálek(b) 
(a) University of Texas at Austin, Austin, Texas 
(b) Pacific Northwest National Laboratory, Richland, Washington 
(c) EMSL, Richland, Washington 
 
Understanding what happens on the surface of rutile titanium dioxide could help researchers tailor this material to use sunlight to 
speed the reaction that splits water into hydrogen and oxygen. The resulting hydrogen can be used to power fuel cells that could 
replace gasoline-powered engines in cars and trucks. 
 
When water breaks apart on a well-known catalyst, the once-close hydrogen atoms quickly part company in a 
complicated process, according to scientists at Pacific Northwest National Laboratory and the University of 
Texas at Austin. Their detailed study shows the hydrogen atoms are slightly repelled by each other on the 
surface of the rutile titanium dioxide catalyst. The atoms move apart by first sliding an electron over to their 
new home. Then, the rest of the atom follows.  

The research team took a two-prong approach to studying hydrogen movement or diffusion. They began 
with experimental studies and followed up with theoretical calculations.  For the experiments, they used 
temperature-dependent measurements to track hydrogen movement on the catalyst's surface. They performed 
these measurements using one of EMSL’s scanning tunneling microscopes that can resolve single atoms on a 
surface (Figure 1). For the theoretical studies, they used density functional theory calculations and other 
models.  
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The results from the experimental and theoretical studies did not agree. While both show hydrogen diffusing 
across the surface at the same rates, the underlying parameters controlling the rates differed.  

The researchers believed the differing results were because of how the hydrogen moves. They speculated that 
the hydrogen diffused via a two-step process. A hydrogen atom has two parts: a positive nucleus and a 
negative electron. In diffusion, the lone electron nimbly hops over to the new location first. Then, the larger 
nucleus hefts itself to the new location.  The first step, the electron moving, is not accounted for in the 
theoretical calculations.  

The team is continuing to study water on rutile titanium dioxide, focusing on its reactions with oxygen to get 
one step closer to understanding titanium dioxide as a water splitting catalyst.  

The research was funding by DOE’s Office of Basic Energy Sciences, Chemical Sciences; the Robert A. 
Welch Foundation; and National Science Foundation.  It was featured in the Journal of the American Chemical 
Society.  

Citation  
 
Li SC, Z Zhang, D Sheppard, BD Kay, JM White, Y Du, I Lyubinetsky, G Henkelman, and Z Dohnálek. 
2008. "Intrinsic Diffusion of Hydrogen on Rutile TiO2(110)." Journal of the American Chemical Society 
130(28):9080-9088. 

 
Figure 1. Hydrogen movement shown by the scanning tunneling microscope. By taking snapshots before 
(left) and after (middle) of the motion of the hydrogen atoms on the catalyst, the scientists can determine 
where and how fast the atoms moved (final). 
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Photoelectron Spectroscopic and Theoretical Study of B16- 
and B162-: An All-Boron Naphthalene 

AP Sergeeva(a), DY Zubarev(a), HJ Zhai(b)(c), AI Boldyrev(a), and LS Wang(b)(d) 
(a) Utah State University, Logan, Utah 
(b) Washington State University-Tri-Cities, Richland, Washington 
(c) EMSL, Richland, Washington 
(d) Pacific Northwest National Laboratory, Richland, 

Washington 
 
Engineering technologies to solve energy or security issues benefit from 
knowledge of the atomic-level structure of materials such as highly reactive 
boron.  Researchers from Utah State University, Washington State 
University, and Pacific Northwest National Laboratory have discovered the 
atomic structure of two boron clusters: B16- and B162-. 
 
Using EMSL’s laser vaporization and time-of-flight mass 
spectrometry capabilities, a researcher team from Utah State 
University, Washington State University, and Pacific Northwest 
National Laboratory produced B16 clusters and examined them 
using photoelectron spectroscopy. They did theoretical 
calculations to compare with the experimental data and 
determined the cluster’s structure and chemical bonding. 
Molecular orbital analysis indicated that B162- possesses 10 π 
electrons and a π bonding pattern similar to naphthalene, and it 
can be viewed as an all-boron version of the aromatic organic 
molecule used in mothballs (Figure 1). 
 
This research provides detailed knowledge about the structure and chemical bonding in B16 clusters, 
information that was not known previously. This work furthers the scientific basis for the development of 
novel boron nanostructures.  In addition, fundamental insights into the structure of highly reactive boron 
clusters provide foundational information that other researchers can build on. This information could help 
the design of new boron-based nanomaterials for energy or security applications. 
 
The research, supported by the National Science Foundation, was published in the Journal of the American 
Chemical Society. 
 
Citation 
 
Sergeeva AP, DY Zubarev, HJ Zhai, AI Boldyrev, and LS Wang. 2008. “Photoelectron Spectroscopic and 
Theoretical Study of B16- and B162-: An All-Boron Naphthalene.” Journal of the American Chemical Society 
130(23):7244-7246. 
 
 

Figure 1. The structures of two 16-atom 
boron clusters were recently discovered 
by EMSL users. The B16

2- structure (right) 
has 10 π electrons and a π bonding 
pattern similar to naphthalene.
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Awards and Recognition 
Rosso selected as Virginia Tech Outstanding Alumnus.  EMSL 
user Kevin Rosso (Pacific Northwest National Laboratory) was honored 
by Virginia Tech for his outstanding research and contributions to the 
scientific community. Each year the university’s alumni association 
selects, from each academic college, a gifted person who has graduated 
in the past decade. Rosso received the award from the College of 
Science, where he earned a doctoral degree in geochemistry in 1998.  
Rosso leads internationally recognized research in environmental 
spectroscopy and biogeochemistry. He is an expert in mineral-water 
interface geochemistry, combining scanning probe microscopy and ab 
initio molecular modeling. He is known for his insightful models of 
electron transfer kinetics in environmental systems. His recent studies 
illuminate the relationship between bacteria and environmental metals, 
such as iron and uranium.  Rosso has written or co-written more than80 
peer-reviewed journal articles, including a recent article in Science. He is 
frequently invited to lecture at universities and symposia, in the United 
States and abroad. In addition, he is a life fellow of the Mineralogical 
Society of America, and he served for two years as an associate editor 
for American Mineralogist. He is a member of the American Chemical 
Society and has organized topical symposia for the society’s national meetings. 
 

EMSL users earn top honors at 
Supercomputing 08.  DNA sequencing is 
easier than ever, but the amount of data to be 
analyzed is piling up. An award-winning 
computer program now shows that genome 
sequence analysis can be made interactive and 
intuitive, helping researchers find hidden 
relationships in massive amounts of data.  

Researchers from the Pacific Northwest 
National Laboratory captured "Best Overall" 
for their entry at the Supercomputing '08 
High Performance Computing Analytics 
Challenge in Austin, Texas, on November 20. 

In the competition, scientists were judged on 
solving real world problems using 
comprehensive computational approaches, 
large data sets, and high-end visualization 
technology to display results -- which means it 
had to look good and be easy to use.  

PNNL's Chris Oehmen led a multidisciplinary 
team composed of Scott Dowson, Chandrika 

Sivaramakrishnan, Justin Almquist, Lee Ann McCue, Bobbie-Jo Webb-Robertson, and Jason McDermott to 
the win.  Resources the team used included computing capabilities housed in EMSL to develop the interactive 
program.  

 
Kevin Rosso 

A computer program developed by EMSL users with help of 
EMSL computational resources shows that a graphical cluster 
compares 42,000 unknown proteins from 10 species of 
Shewanella against a single known protein at the center of the 
pie. The user has zoomed in on this cluster from the panoply of 
clusters at the bottom left of the screen.  
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For more information, see the EurekaAlert press release at http://www.eurekalert.org/pub_releases/2008-
12/dnnl-pre120208.php and a video demonstration of the program at 
http://www.pnl.gov/science/highlights/highlight.asp?id=516.   
Baer named Reviews Editor for journal.  Don Baer, EMSL Lead 
Scientist for Interfacial Chemistry, was selected to serve as the 
Reviews Editor for Surface and Interface Analysis. This international, 
refereed journal is devoted to publishing papers on developing and 
applying techniques for characterizing surfaces, interfaces, and thin 
films. As the Reviews Editor, Baer will work with world-leading 
scientists to obtain articles on topics of interest to the journal’s 
audience of materials scientists, physicists, physical chemists, and 
others. In addition to traditional review articles, he will encourage 
leading scientists to prepare perspectives on current research 
directions and technology advances and tutorial articles. Baer is 
internationally known for applying surface analysis methods to 
examine the reactive properties of oxides and mineral surfaces, 
determining behaviors of nanostructured materials, and understanding 
corrosion processes. He specializes in using surface sensitive 
techniques to study surface interphase reactions and materials surface 
chemistry. He has authored or co-authored more than 200 peer-
reviewed articles, edited books and special journal issues, and lectured 
at major conferences. He is a member of the American Association 
for the Advancement of Science, American Physical Society, and the Electrochemical Society, among others. 
He has served as an associate editor on Surface Science Spectra since 1991. In addition, he serves on the Surface 
and Interface Analysis publication’s advisory board. 
 

Koppenaal invited to serve on journal international advisory board.  
David Koppenaal, EMSL’s Chief Technology Officer, was invited to 
serve a 3-year term on the International Advisory Board for the new 
journal Metallomics: Integrated Biometal Science. The journal is a Royal Society 
of Chemistry publication that will be launched in January 2009. 
Metallomics is the integrated study of metals and metal species and their 
interactions, transformations, and functions in biological systems. The 
subject is receiving attention as a new frontier in the investigation of trace 
elements in biology. Metallomics is expected to develop as an 
interdisciplinary science complementary to metabolomics and 
proteomics. At EMSL, Koppenaal leads numerous biological studies. His 
research is primarily focused on characterizing inorganic compounds and 
isotopes with innovative mass spectrometry and other analytical 
techniques. For example, Koppenaal and his colleagues at Pacific 
Northwest National Laboratory pioneered the application of inductively 
coupled plasma/mass spectrometry as a powerful and relevant 
radioanalytical tool and demonstrated its use for radioactive waste 
characterization, ultra-trace nuclear forensics, and, most recently, 
metallomics applications. He is also responsible for leading the 

development of world-leading capabilities for EMSL, such as a current collaboration with the National High-
Field Magnetic Laboratory to develop a 21-Tesla magnet that will lead to the highest resolving power and 
mass accuracy possible in mass spectrometry. His more than 75 publications include several invited review 
articles, and he is a frequent keynote and plenary lecturer at major conferences. Koppenaal recently 
completed a 7-year term as Editorial Board member for the RSC publication Journal of Analytical and Atomic 
Spectrometry. Koppenaal is a fellow of the American Association for the Advancement of Science and the 

 
Don Baer 

Dave Koppenaal 
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Royal Society of Chemistry. He is a member of the American Chemistry Society and the American Society for 
Mass Spectrometry. 

Visitors and Users  
During the first quarter of Fiscal Year 2009, a total of 367 users benefited from EMSL capabilities and 
expertise.  This total included 238 onsite users and 129 remote users. 

Publications 
Book Chapters 
Bond DL, JA Davis, and JM Zachara.  2008.  "Uranium(VI) Release from Contaminated Vadose Zone 
Sediments: Estimation of Potential Contributions from Dissolution and Desorption."  In Adsorption of 
Metals to Geomedia II, ed. M.O. Barnett, D. B. Kent, pp. 379-420.  Academic Press, San Diego, CA.   

Majors PD, and JS Mclean.  2008.  "Dynamic Metabolism Studies of Live Bacterial Films."  Chapter 22 in 
Magnetic Resonance Microscopy, Codd & Seymour, Eds., ed. Sarah Codd and Joseph D. Seymour  Wiley-VCH, 
Weinheim, Belgium, Germany.   

Journal Articles 
Andersen A, N Govind, and L Subramanian.  2008.  "Theoretical Study of the Mechanism Behind the 
para-Selective Nitration of Toluene in Zeolite H-Beta."  Molecular Simulation 34(10-15):1025-1039.  
doi:10.1080/08927020802191958  

Badireddy AR, BR Korpol, S Chellam, PL Gassman, MH Engelhard, AS Lea, and KM Rosso.  2008.  
"Spectroscopic Characterization of Extracellular Polymeric Substances from Escherichia coli and Serratia 
marcescens: Suppression using Sub-Inhibitory Concentrations of Bismuth Thiols."  Biomacromolecules 
9(11):3079-3089.  doi:10.1021/bm800600p  

Bateman AP, ML Walser, Y Dessiaterik, J Laskin, A Laskin, and S Nizkorodov.  2008.  "The Effect of 
Solvent on the Analysis of Secondary Organic Aerosol Using Electrospray Ionization Mass 
Spectrometry."  Environmental Science & Technology 42(19):7341-7346.  doi:10.1021/es801226w  

Buchko GW, BJ Tarasevich, JG Bekhazi, ML Snead, and WJ Shaw.  2008.  "A Solution NMR Investigation 
into the Early Events of Amelogenin Nanosphere Self-Assembly Initiated with Sodium Chloride or 
Calcium Chloride."  Biochemistry 47(50):13215-13222.  doi:10.1021/bi8018288  

Burgos WD, J McDonough, JM Senko, G Zhang, A Dohnalkova, SD Kelly, YA Gorby, and KM Kemner.  
2008.  "Characterization of uraninite nanoparticles produced by Shewanella oneidensis MR-1 ."  Geochimica 
et Cosmochimica Acta 72(20):4901-4915.  doi:10.1016/j.gca.2008.07.016  

Cort JR, TA Ramelot, D Murray, T Acton, LC Ma, R Xiao, G Montelione, and MA Kennedy.  2008.  
"Structure of an Acetyl-CoA Binding Protein from Staphylococcus aureus Representing a Novel Subfamily 
of GCN5-related N-Acetyltransferase-like Proteins."  Journal of Structural and Functional Genomics 9(1-4):7-
20.  doi:10.1007/s10969-008-9041-z  

Craig NC, and RL Sams.  2008.  "An Investigation of the Rotamers of Butadiene by High-Resolution 
Infrared Spectroscopy."  Journal of Physical Chemistry A 112(49):12637-12646.  doi:10.1021/jp807677y  
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Ding YHR, KK Hixson, M Aklujkar, MS Lipton, RD Smith, DR Lovley, and T Mester.  2008.  "Proteome 
of Geobacter sulfurreducens grown with Fe(III) oxide or Fe(III) citrate as the electron acceptor."  
Biochimica et Biophysica Acta--Proteins and Proteomics 1784(12):1935-1941.  doi:10.1016/j.bbapap.2008.06.011  

Dohnalek Z, J Kim, and BD Kay.  2008.  "Understanding How Surface Morphology and Hydrogen 
Dissolution Influence Ethylene Hydrogenation on Palladium."  Journal of Physical Chemistry C 
112(40):15796-15801.  doi:10.1021/jp803880x  

Druhan JL, ME Conrad, KH Williams, AL N'Guessan, PE Long, and SS Hubbard.  2008.  "Sulfur 
Isotopes as Indicators of Amended Bacterial Sulfate Reduction Processes Influencing Field Scale Uranium 
Bioremediation."  Environmental Science & Technology 42(21):7842-7849.  doi:10.1021/es800414s  

Einstein DR, B Neradilak, N Pollisar, KR Minard, C Wallis, M Fanucchi, JP Carson, AP Kuprat, S 
Kabilan, R Jacob, and R Corley.  2008.  "An Automated Self-similarity Analysis of the Pulmonary Tree of 
the Sprague-Dawley Rat."  The Anatomical Record 291(12):1628-1648.  doi:10.1002/ar.20771  

Epifanovsky E, K Kowalski, PD Fan, M Valiev, S Matsika, and A Krylov.  2008.  "On the Electronically 
Excited States of Uracil."  Journal of Physical Chemistry A 112(40):9983-9992.  doi:10.1021/jp803758q  

Fernandez CA, RJ Wiacek, P Nachimuthu, GE Fryxell, AM Pierson, CL Warner, MG Warner, and RS 
Addleman.  2008.  "A Simple Method for the Prevention of Non-Specific Adsorption by Nanocrystals 
onto Surfaces."  Journal of Nanoscience and Nanotechnology 8(11):5781-5786.  doi:10.1166/jnn.2008.320  

Fox E, S Velu, MH Engelhard, YH Chin, JT Miller, J Kropf, and C Song.  2008.  "Characterization of 
CeO2-Supported Cu-Pd Bimetallic Catalyst for the Oxygen-Assisted Water-Gas Shift Reaction."  Journal of 
Catalysis 260(2):358-370.  doi:10.1016/j.jcat.2008.08.018  

Goering J, U Burghaus, BW Arey, O Eidelman, and R Tenne.  2008.  "Reactive and non-reactive 
interactions of thiophene with WS2 fullerene-like nanoparticles: an ultra-high vacuum surface chemistry 
study ."  Catalysis Letters 125(3-4):236-242.  doi:10.1007/s10562-008-9565-7  

Groves JF, Y Du, I Lyubinetsky, and DR Baer.  2008.  "Focused Ion Beam Directed Self-Assembly (Cu2O 
on SrTiO3): FIB Pit and Cu2O Quantum Dot Evolution."  Superlattices and Microstructures 44(4-5):677-685.  
doi:10.1016/j.spmi.2008.01.016 
Henderson MA.  2008.  "Ethyl Radical Ejection During Photodecomposition of Butanone on 
TiO2(110)."  Surface Science 602(20):3188-3193.  doi:10.1016/j.susc.2007.06.079  

Hess NJ, O Qafoku, Y Xia, and AR Felmy.  2008.  "Thermodynamic Model for Solubility of TcO2•xH2O 
in Aqueous Oxalate System."  Journal of Solution Chemistry 37(11):1471-1487.  doi:10.1007/s10953-008-9328-
5  

Hu D, Z Tian, W Wu, W Wan, and AD Li.  2008.  "Photoswitchable Nanoparticles Enable High-
Resolution Cell Imaging: PULSAR Microscopy."  Journal of the American Chemical Society 130(46):15279-
15281.  doi:10.1021/ja805948u  

Hu J, RA Dagle, BR Johnson, HW Kreuzer-Martin, DJ Gaspar, BQ Roberts, and ML Alexander.  2008.  
"Development of Micropyrolyzer for Enhanced Isotope Ratio Measurement."  Industrial and Engineering 
Chemistry Research 47(22):8625-8630.  doi:10.1021/ie8009236  

Kelly JF, A Maki, TA Blake, and RL Sams.  2008.  "Supersonic Free-jet Quantum Cascade Laser 
Measurements of v4 for CF3(35)Cl and CF3(37)Cl and FTS Measurements from 400 to 1260 cm-1."  
Journal of Molecular Spectroscopy 252(1):81-89.  doi:10.1016/j.jms.2008.07.001  
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Kim J, JW Grate, and P Wang.  2008.  "Nanobiocatalysis and Its Potential Applications."  Trends in 
Biotechnology 26(11):639-646.  doi:10.1016/j.tibtech.2008.07.009  

Kleiner I, N Moazzen-Ahmadi, ARW McKellar, TA Blake, RL Sams, SW Sharpe, G Moruzzi, and JT 
Hougen.  2008.  "Assignment, Fit, and Theoretical Discussion of the v10 Band of Acetaldehyde Near 509 
cm-1."  Journal of Molecular Spectroscopy 252(2):214-229.  doi:10.1016/j.jms.2008.09.004  

Kowalski K, JR Hammond, WA De Jong, and AJ Sadlej.  2008.  "Coupled Cluster Calculations for Static 
and Dynamic Polarizabilities of C₆₀."  Journal of Chemical Physics 129(22):226101.  doi:10.1063/1.3028541  

Kulik HJ, and NN Marzari.  2008.  "A Self-Consistent Hubbard U Density-Functional Theory Approach 
to the Addition-Elimination Reactions of Hydrocarbons on Bare FeO⁺."  Journal of Chemical Physics 
129(13):134314.  doi:10.1063/1.2987444  

Kwak JH, DH Kim, J Szanyi, and CHF Peden.  2008.  "Excellent Sulfur Resistance of Pt/BaO/CeO2 
Lean NOx Trap Catalysts."  Applied Catalysis. B, Environmental 84(3-4):545-551.  
doi:10.1016/j.apcatb.2008.05.009  

Lafferty W, J Flaud, RL Sams, and EHA Ngom.  2008.  "High Resolution Analysis of the Rotational 
Levels of the (000), (010), (100), (001), (020), (110) and (011) Vibrational States of 34S 16O2."  Journal of 
Molecular Spectroscopy 252(1):72-76.  doi:10.1016/j.jms.2008.06.013  

Lee AC, Z Dai, B Chen, H Wu, J Wang, A Zhang, L Zhang, TM Lim, and Y Lin.  2008.  "Electrochemical 
Branched-DNA Assay for Polymerase Chain Reaction-Free Detection and Quantification of Oncogenes in 
Messenger RNA."  Analytical Chemistry 80(24):9402-9410.  doi:10.1021/ac801263r  

Lei C, D Hu, and EJ Ackerman.  2008.  "Single-molecule Fluorescence Spectroelectrochemistry of Cresyl 
Violet."  Chemical Communications (43):5490-5492.  doi:10.1039/b812161c  

Li Y, L Ma, X Zhang, AG Joly, Z Liu, and W Chen.  2008.  "Synthesis and Optical Properties of Sulfide 
Nanoparticles Prepared in Dimethylsulfoxide."  Journal of Nanoscience and Nanotechnology 8(11):5646-5651.   

Liang B, JC Lehmann, D Solomon, S Sohi, JE Thies, JO Skjemstad, FJ Luizao, MH Engelhard, EG Neves, 
and S Wirick.  2008.  "Stability of Biomass-derived Black Carbon in Soils ."  Geochimica et Cosmochimica Acta 
72(24):6069-6078.  doi:10.1016/j.gca.2008.09.028  

Lim IIS, D Mott, MH Engelhard, Y Pan, S Kamodia, J Luo, P Njoki, S Zhou, and CJ Zhong.  2008.  
"Interparticle Chiral Recognition of Enantiomers: A Nanoparticle-Based Regulation Strategy."  Analytical 
Chemistry 2009, 81(2):689-698.  doi:10.1021/ac802119p  

Liu G, J Wang, RC Barry, CE Petersen, C Timchalk, PL Gassman, and Y Lin.  2008.  "Nanoparticle-Based 
Electrochemical Immunosensor for the Detection of Phosphorylated Acetylcholinesterase Adduct: An 
Exposure Biomarker of Organophosphate Pesticides and Nerve Agents."  Chemistry - a European Journal 
14(32):9951-9959.  doi:10.1002/chem.200800412  

Lu CY, PJ Shamberger, EN Yitamben, KM Beck, AG Joly, MA Olmstead, and FS Ohuchi.  2008.  "Laser 
and Electrical Current Induced Phase Transformation of In2Se3 Semiconductor thin film on Si(111) ."  
Applied Physics A, Materials Science and Processing 93(1):93-98.  doi:10.1007/s00339-008-4776-8  

Meakin P, and KM Rosso.  2008.  "Simple Kinetic Monte Carlo Models for Dissolution Pitting Induced by 
Crystal Defects."  Journal of Chemical Physics 129(20):204106.  doi:10.1063/1.3021478  
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Mei D, Q Ge, JH Kwak, DH Kim, J Szanyi, and CHF Peden.  2008.  "Adsorption and Formation of BaO 
Overlayers on Gamma-Al2O3 Surfaces ."  Journal of Physical Chemistry C 112(46):18050–18060.  
doi:10.1021/jp806212z  

Minard KR, RE Jacob, G Laicher, DR Einstein, AP Kuprat, and RA Corley.  2008.  "MR Imaging of 
Apparent 3He Gas Transport in Narrow Pipes and Rodent Airways ."  Journal of Magnetic Resonance 
194(2):182-191.  doi:10.1016/j.jmr.2008.07.006  

Moffet RC, Y Desyaterik, RJ Hopkins, AV Tivanski, MK Gilles, YA Wang, V Shutthanandan, LT Molina, 
R Gonzalez, KS Johnson, V Mugica, MJ Molina, A Laskin, and KA Prather.  2008.  "Characterization of 
Aerosols Containing Zn, Pb, and Cl from an Industrial Region of Mexico City."  Environmental Science & 
Technology 42(19):7091-7097.  doi:10.1021/es7030483  

Nie JL, H Xiao, XT Zu, and F Gao.  2008.  "Hydrogen Adsorption, Dissociation and Diffusion on the α-
U(001) Surface."  Journal of Physics. Condensed matter 20(44):445001.  doi:10.1088/0953-8984/20/44/445001  

Ohsawa T, I Lyubinetsky, MA Henderson, and SA Chambers.  2008.  "Hole-mediated 
Photodecomposition of Trimehtyl Acetate on a TiO2(001) Anatase Epitaxial Thin Film Surface."  Journal of 
Physical Chemistry C 112(50):20050-20056.  doi:10.1021/jp8077997  

Olson A, OM Hyyti, GA Cohen, XH Ning, M Sadilek, NG Isern, and MA Portman.  2008.  "Superior 
Cardiac Function Via Anaplerotic Pyruvate in the Immature Swine Heart After Cardiopulmonary Bypass 
and Reperfusion."  American Journal of Physiology. Heart and Circulatory Physiology 295(6):H2315-H2320.  
doi:10.1152/ajpheart.00739.2008  

Qian W, DT Kaleta, BA Ogata, H Jiang, T Liu, X Zhang, HM Mottaz, SM Varnum, DG Camp, II, huang, 
X Fang, W Zhang, and RD Smith.  2008.  "Enhanced Detection of Low-Abundant Human Plasma 
Proteins using a Tandem IgY12-SuperMix Immunoaffinity Separation Strategy."  Molecular & Cellular 
Proteomics. MCP 7(10):1963-1973.  doi:10.1074/mcp.M800008-MCP200  

Rai D, M Yui, DA Moore, GJ Lumetta, KM Rosso, Y Xia, AR Felmy, and FN Skomurski.  2008.  
"Thermodynamic Model for ThO2(am) Solubility in Alkaline Silica Solutions ."  Journal of Solution Chemistry 
37(12):1725-1746.  doi:10.1007/s10953-008-9344-5  

Rezac J, and P Hobza.  2008.  "Benzene Dimer: Dynamic Structure and Thermodynamics Derived from 
On-the-Fly ab initio DFT-D Molecular Dynamic Simulations."  Journal of Chemical Theory and Computation 
4(11):1835-1840.  doi:10.1021/ct8002282  

Rinsland CP, VM Devi, TA Blake, RL Sams, SW Sharpe, and L Chiou.  2008.  "Quantitative Measurement 
of Integrated Band Intensities of Benzene Vapor in the Mid-Infrared at 278, 298, and 323 K."  Journal of 
Quantitative Spectroscopy and Radiative Transfer 109(15):2511-2522.   

Rodland KD, JN Adkins, CK Ansong, SM Chowdhury, NP Manes, L Shi, H Yoon, RD Smith, and F 
Heffron.  2008.  "Use of high-throughput mass spectrometry to elucidate host pathogen interactions in 
Salmonella."  Future Microbiology 3(6):625-634.   

Rogers S, M Girolami, W Kolch, KM Waters, T Liu, BD Thrall, and HS Wiley.  2008.  "Investigating the 
Correspondence Between Transcriptomic and Proteomic Expression Profiles Using Coupled Cluster 
Models."  Bioinformatics 24(24):2894-2900.  doi:10.1093/bioinformatics/btn553  

Shao Y, J Liu, Y Wang, and Y Lin.  2008.  "Novel Catalyst Support Materials for PEM Fuel Cells: Current 
Status and Future Prospects."  Journal of Materials Chemistry 19(1):46-59.  doi:10.1039/b808370c  
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Shen Y, N Tolic, KK Hixson, SO Purvine, GA Anderson, and RD Smith.  2008.  "De novo sequencing of 
unique sequence tags for discovery of post-translational modifications of proteins ."  Analytical Chemistry 
80(20):7742-7754.  doi:10.1021/ac801123p  

Shvartsburg AA, and RD Smith.  2008.  " Fundamentals of Traveling Wave Ion Mobility Spectrometry."  
Analytical Chemistry 80(24):9689-9699.  doi:10.1021/ac8016295  

Strmcnik DS, DV Tripkovic, D van der Vliet, KC Chang, V Komanicky, H You, G Karapetrov, JP 
Greeley, VR Stamenkovic, and NM Markovic.  2008.  "Unique Activity of Platinum Adislands in the CO 
Electrooxidation Reaction."  Journal of the American Chemical Society 130(46):15332-15339.  
doi:10.1021/ja8032185  

Tartakovsky AM, DM Tartakovsky, TD Scheibe, and P Meakin.  2008.  "Hybrid Simulations of Reaction-
Diffusion Systems in Porous Media."  SIAM Journal on Scientific Computing 30(6):2799-2816.   

Tolmachev AV, ME Monroe, SO Purvine, RJ Moore, N Jaitly, JN Adkins, GA Anderson, and RD Smith.  
2008.  "Characterization of Strategies for Obtaining Confident Identifications in Bottom-Up Proteomics 
Measurements Using Hybrid FTMS instruments ."  Analytical Chemistry 80(22):8514-8525.  
doi:10.1021/ac801376g  

Tsuchiya M, V Shutthanandan, MH Engelhard, and S Ramanathan.  2008.  "Direct Measurement of 
Oxygen Incorporation into Thin Film Oxides at Room Temperature Upon Ultraviolet Phton Irradiation."  
Applied Physics Letters 93(26):263109.  doi:10.1063/1.3058691  

Wang Z, C Liu, X Wang, MJ Marshall, JM Zachara, KM Rosso, M Dupuis, JK Fredrickson, SM Heald, and 
L Shi.  2008.  "Kinetics of Reduction of Fe(III) Complexes by Outer Membrane Cytochromes MtrC and 
OmcA of Shewanella oneidensis MR-1."  Applied and Environmental Microbiology 74(21):6746-6755.  
doi:10.1128/AEM.01454-08  

Wang CM, LV Saraf, and Y Qiang.  2008.  "Microstructures of ZnO films deposited on (0001) and r-cut α-
Al2O3 using MOCVD."  Thin Solid Films 516(23):8337-8342.  doi:10.1016/j.tsf.2008.04.001  

Wang Z, KB Wagnon, CC Ainsworth, C Liu, KM Rosso, and JK Fredrickson.  2008.  "A Spectroscopic 
Study of the effect of Ligand Complexation on the Reduction of Uranium(VI) by Anthraquinone-2,6-
disulfonate (AH2DS)."  Radiochimica Acta 96(9-11):599-605.  doi:10.1524/ract.2008.1542  

Wang Z, JM Zachara, C Liu, PL Gassman, AR Felmy, and SB Clark.  2008.  "A cryogenic fluorescence 
spectroscopic study of uranyl carbonate, phosphate, and oxyhydroxide minerals."  Radiochimica Acta 96(9-
11):591-598.  doi:10.1524/ract.2008.1541  

Wang H, J Wang, C Timchalk, and Y Lin.  2008.  "Magnetic Electrochemical Immunoassays with 
Quantum Dot Labels for Detection of Phosphorylated Acetylcholinesterase in Plasma."  Analytical 
Chemistry 80(22):8477-8484.  doi:10.1021/ac801211s  

Wang S, X Zhang, X Mao, Q Zeng, H Xu, Y Lin, W Chen, and G Liu.  2008.  "Electrochemical 
Immunoassay of Carcinoembryonic Antigen Based on A Lead Sulfide Nanoparticle Label."  Nanotechnology 
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Wang XB, HJ Zhai, X Huang, and LS Wang.  2008.  "On The Electronic Structure and Chemical Bonding 
in the Tantalum Trimer Cluster."  Journal of Physical Chemistry A 112(43):10962-10967.  
doi:10.1021/jp806166h  
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Wang Z, XT Zu, F Gao, and WJ Weber.  2008.  "Nanomechanical Behavior of Single Crystalline SiC 
Nanotubes Revealed by Molecular Dynamics Simulations."  Journal of Applied Physics 104(9):093506.  
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RD Smith, and HB Pakrasi.  2008.  "High Sensitivity Proteomics Assisted Discovery of a Novel Operon 
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130(39):13013-13022.  doi:10.1021/ja802643g  

Yang Y, C Mims, RS Disselkamp, D Mei, JH Kwak, J Szanyi, CHF Peden, and CT Campbell.  2008.  
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