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Rechargeable lithium ion batteries, popular in cell phones, camcorders, 
and other devices, are based on the movement of a lithium ion—a 
lithium atom minus an electron. The lithium ion begins its journey 
attached to a metal cylinder or sheet, known as an electrode. The ion 
pushes off the electrode, moves through a liquid, and attaches itself to 
an electrode on the other side. The ion's movement generates electricity, 
powering the battery. The researchers' new material, titanium dioxide 
crystals attached to a thin carbon sheet called graphene, is incorporated 
into the battery's negative electrode. The carbon/titanium material 
greatly improves the ion's ability to move in the electrode to provide a 
high capacity at high charge/discharge rate.  

The challenge in designing this material was water. The researchers used 
water to reduce the cost of manufacturing. The precursors for the 
titanium dioxide crystals mixed well in water, easily dispersing. However, 
the graphene is hydrophobic or water fearing. Like oil or grease, it does 
not mix in water.  The solution? The active ingredient in many types of 
detergents: sodium dodecyl sulfate. This long, chain-like molecule 
contains a cluster of chemicals, or a head at one end, that mixes well 
with water. It has a long tail that grabs hold of hydrophobic materials. 
So, adding sodium dodecyl sulfate allows the graphene to evenly mix in 
the water with the precursors for the oxide crystals.  

The sodium dodecyl sulfate not only solves the hydrophobic/hydrophilic incompatibility problem, it also 
provides a molecular template for the crystals to form and grow. Using the template, the titanium oxides 
form tiny crystals on the graphene sheets.  

The researchers studied the resulting materials using EMSL’s transmission electron microscopy. The resulting 
images showed the desired titanium dioxide crystals formed on the graphene sheets.  This process is being 
used by PNNL researchers in the Transformational Materials Science Initiative to precisely design other 
materials to further increase the capacity and stability of batteries.  

This research was funded by Laboratory-Directed Research and Development Program at PNNL and by 
DOE’s Office of Basic Energy Sciences.  In addition support was given from the Defense Advanced 
Research Projects Agency and Army Research Office/Multidisciplinary University of Research Initiative.  The 
research was featured on the cover of ACS Nano (Figure 1). 

Citation  

Wang D, D Choi, J Li, Z Yang, Z Nie, R Kou, D Hu, C Wang, LV Saraf, J Zhang, IA Aksay, and J Liu. 2009. 
"Self-Assembled TiO2-Graphene Hybrid Nanostructures for Enhanced Li-Ion Insertion." ACS Nano 
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Figure 1.  This research was 
featured on the April 2009 cover of 
ACS Nano. 
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Molecular Characterization of Nitrogen Containing Organic 
Compounds in Biomass Burning Aerosols Using High 
Resolution Mass Spectrometry 

A Laskin,(a) JS Smith,(b) and J Laskin(b) 
(a) EMSL, Richland, Washington 
(b) Pacific Northwest National Laboratory, Richland, Washington 
 
Every year, ponderosa wildfires occur along the nation’s West Coast. While some fires are accidental, others are prescribed land 
management events. Using EMSL resources, researchers found that smoldering fires such as those in controlled burns produce 
more alkaloids than blazing fires. Because some plant alkaloids might be harmful, the result could affect planned fires upwind of 
human populations. 
 
Smoke from burning ponderosa pines contains previously 
undetected alkaloids, according to a study published by 
scientists working at EMSL (Figure 1). The alkaloids are 
potent mutagens that can affect human health and ecosystems 
in areas near or downwind of the fires. Researchers have long 
suspected the presence of alkaloids in smoke particles 
produced in forest fires, but no direct measurements had 
been made.  
 
With the help of the Forest Service Fire Sciences Laboratory, 
a team from Pacific Northwest National Laboratory and 
EMSL sampled the smoke from smoldering fires of 
ponderosa pine and underbrush. Then, they devised a method 
that provides highly detailed information about the smoke’s 
composition. This method included using EMSL’s LTQ-
OrbitrapTM high-resolution mass spectrometer to 
characterize the smoke. Compared to other studies, the team 
found that 70% of the molecules detected in the smoke had 
not been previously reported. More than 30% of newly 
detected species were alkaloids. 
 
This and earlier studies by the team will aid in understanding 
the possible effects of smoke particles emitted during forest 
fires on the environment and human health. The results 
suggest that smoke might carry biologically useful nitrogen in 
the form of alkaloids. In addition, alkaloids may present a considerable source of basic compounds in smoke 
particles, which can impact cloud formation processes important to agriculture and water supplies.  
 
The DOE Office of Basic Energy Science and Office of Biological and Environmental Research as well as 
the Science Undergraduate Laboratory Internship program funded the research.  Results of this research were 
published in Environmental Science and Technology and Analytical Chemistry. 
 
Citations 
 

Figure 1. Previously undetected compounds 
were detected in smoke from a smoldering fire 
with a new method devised at EMSL.
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High Resolution Mass Spectrometry.” Analytical Chemistry 81:1512-1521. doi: 10.1021/ac8020664 
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Symmetry-Driven Spontaneous Self-Assembly of Nanoscale 
Ceria Building Blocks to Fractal Superoctahedra 

SVNT Kuchibhatla,(a) AS Karakoti,(b) DC Sayle,(c) H Heinrich,(b) and S Seal(b) 
(a) EMSL, Richland, Washington 
(b) University of Central Florida, Orlando, Florida 
(c) Defence Academy of the United Kingdom, Swindon, United Kingdom 
 
The evolution of a self-assembled, oxide superoctahedral structure has been elucidated for the first time, and this unique finding 
was featured on the cover of Crystal Growth and Design – a journal ranked first in the field based on impact factor. Through 
this research, the ability to understand and tailor nanomaterials with better properties can lead to sustainable, greener energy 
prospects; environmental protection; and the detection, treatment, and prevention of diseases using nanomedicine. 
 
Researchers at EMSL and their collaborators from the University of Central Florida and the Defence 
Academy of the United Kingdom used a combination of experimental tools at UCF and EMSL as well as 
theoretical tools at the Cambridge-Cranfield HPC facility to study cerium oxide. Because cerium oxide is 
crucial for solid oxide fuel cells, solar cells, catalysis, and biomedicine, understanding its nanostructures is vital 
to improve their performance in those applications.  
To characterize the superstructures, the research 
team applied high-resolution transmission 
electron microscopy and fast-Fourier transform 
analysis. HRTEM yielded structural and 
morphological information (Figure 1). FFT 
analysis allowed the researchers to study a 
specific sample area of interest such that 
crystallographic information from even single 
nanoparticles could be derived. Integrating the 
team’s experimental data with atomistic 
modeling revealed a stepwise process for 
superstructure formation. Importantly, the 
process occurred naturally – at room 
temperature and pressure and without 
surfactants. First, cerium oxide molecules form 
individual octahedral nanoparticles that are 
shaped like two pyramids stuck together at their 
bases. This step was successfully predicted by molecular dynamics simulations, and that prediction was 
confirmed experimentally. Next, the octahedra stack tightly together via fractal self-assembly to yield 
superoctahedral structures. Understanding the orientation of the interfaces between two adjoining octahedral 
nanoparticles is particularly important. These interfaces may have a low or high energy conformation – in 
other words, the surfaces of the nanoparticles may lie against one another more or less comfortably. A high-

 
Figure 1. Ceria oxide forms octohedral superstructures 
(TEM image at left) composed of octahedral nanoparticles 
(HRTEM image at right; circles indicate individual 
nanoparticles). 
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energy interface is prone to defects that may act as potential reaction sites, making the defects favorable for 
improved performance.  
 
Understanding the factors that control oxide nanostructure size, shape, and self-assembly enable the design of 
new materials with improved properties for energy, catalytic, or biomedical applications. The types of 
information obtained in these studies demonstrate the importance of EMSL's capability development to 
enable the design and growth of increasingly complex materials and their characterization with unprecedented 
(atomic level) resolution.  
 
This work was supported by the National Science Foundation and the Cambridge-Cranfield HPC facility. 
 
Citation  
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Clay Nanoparticles-Supported Single-Molecule 
Fluorescence Spectroelectrochemistry 

C Lei,(a) D Hu,(a) and EJ Ackerman(a) 
(a) Pacific Northwest National Laboratory, Richland, Washington 
 

Scientists at Pacific Northwest National Laboratory devised a method to hold certain types of molecules still and measure if they 
blink; that is, gain or lose electrons. Mother Nature is very good at making catalysts: proteins that quickly add and remove 
electrons to create the desired products. Scientists would like to design molecules that mimic Mother Nature's catalysts, but do not 
yet know how. This research provides an important tool to learn if, when and why single molecules transfer electrons. By 
understanding electron transfers, scientists can gain the insights needed to design, atom by atom, catalysts that effectively turn 
water into hydrogen fuel or other reactions.  

The scientists combined two existing methods to study immobilized individual molecules of the dye cresyl 
violet. The first technique is electrochemistry, which allows scientists to add and remove electrons to 
molecules at specific intervals. The second method is to use a single-molecule fluorescence microscope to 
record the light emission of the molecules. It uses a dye that gives off light under specific conditions. For 
example, when cresyl violet loses an electron, it gives off a red glow. When it gains an electron, it goes dark.  

So, the researchers built an electrochemical cell that can measure electron movement on a type of conductive 
glass surface. Then, they placed a few drops of a clay solution on the glass. The liquid dried onto the glass, 
forming a transparent clay film. Then, they added cresyl violet. The dye attached to the clay film, holding the 
dye in place. This left the scientists with a piece of glass with a few dye molecules securely attached to it.  

Next, they added to and removed electrons from the molecules at regular intervals by changing the 
electrochemical voltages. Simultaneously, they recorded the light flashes using a single-molecule fluorescence 
microscope at EMSL.  



EMSL Quarterly Highlights Report: 3rd Quarter, FY09  

22 

The method worked well, providing information about single-molecule effectiveness; that is, single molecules 
regularly gained and lost electrons while the molecules underwent cycles of blinking, dark and then bright.  

The researchers plan to use this method to interrogate other molecules and gain the knowledge necessary to 
design catalysts that mimic Mother Nature's most effective molecules.  

DOE's Office of Basic Energy Sciences funded this research, which was featured in Nano Letters.  

Citation 

Lei C, D Hu, and EJ Ackerman. 2009. "Clay Nanoparticles-Supported Single-Molecule Fluorescence 
Spectroelectrochemistry." Nano Letters 9(2):655-658.  

Line Intensities for the ν1, ν3, and ν1 + ν3 Bands of 34SO2 

JM Flaud,(a) WJ Lafferty,(b) and RL Sams(c) 
(a) Laboratoire Inter-Universitaire des Systemes Atmospheriques, Paris, France 
(b) National Institute for Standards and Technology, Gaithersburg, Maryland 
(c) Pacific Northwest National Laboratory, Richland, Washington 
 
Acid rain and respiratory problems are related to sulfur dioxide emissions from coal-fired power plants, volcanic eruptions, and 
other sources. To design cost-effective sulfur dioxide remediation tools and to effectively regulate emissions, scientists must be able to 
monitor sulfur dioxide at specific sources and in the atmosphere. The infrared crosssection values of 34S16O2 determined at 
EMSL allow field measurements to be done with greater accuracy and source discernment. 
 
Using EMSL resources, an international team 
completed a detailed infrared spectral analysis of 
34S16O2. This analysis of this lesser studied sulfur 
isotope allows researchers to more accurately 
quantify the total amount of sulfur dioxide in the 
atmosphere.  Measuring the ratio 34SO2.and 32SO2 
may provide insights into discerning between 
specific natural and human-made sources of sulfur 
dioxide that contributes to, for example, acid rain 
(Figure 1). With infrared spectroscopy, 
atmospheric sensing can be done over meters to 
many kilometers, from the ground, a balloon, 
aircraft, or a satellite.  
 
The team began by studying the isotopic sample 
using EMSL’s high-resolution Fourier transform 
infrared spectrometer. After a preliminary analysis, 
additional analysis was done at the National 
Institute for Standards and Technology. The 
analysis revealed new information about the 
structure of the molecule, the rotational and 
vibrational energies of the molecule, and the 
interactions of these energies within the molecule. 

Figure 1. EMSL users obtained detailed data on the 
industrial pollutant 34SO2.
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This work also measured, for the first time, the infrared absorption cross-sections for individual rotational-
vibrational transitions of 34S16O2., vital for eco-monitoring. 
 
This study provides a more accurate experimental view of the structure, bonding, and vibrational and 
rotational energy patterns of 34S16O2. The results provide detailed information about the potential energy 
surface of a molecule with a modest number of electrons.  The National Aeronautics and Space 
Administration’s Upper Atmosphere Research Program; DOE’s Office of Basic Energy Sciences; and DOE’s 
EMSL Operations funded this research. It was featured in the Journal of Quantitative Spectroscopy and Radiative 
Transfer 
 
Citation 
 
Lafferty W, JM Flaud, and RL Sams. 2009. "Line intensities for the ν1, ν3, and ν1 + ν3 Bands of 34SO2.” 
Journal of Quantitative Spectroscopy and Radiative Transfer 110:669-674. 
 

Awards and Recognition 
Baer receives prestigious AVS award.  Don Baer, Lead Scientist for 
Interfacial Chemistry at the Department of Energy’s EMSL, has received the 
2009 Albert Nerken Award from the AVS.  The award recognizes individuals 
who have made outstanding contributions to the solution of technological 
problems in areas of interest to AVS.  Baer was cited “for seminal 
contributions towards advancing the application of surface-sensitive 
techniques to understand environmentally important materials and interfacial 
processes."  Baer largely attributes the award to Pacific Northwest National 
Laboratory’s rich history of multidisciplinary, team-oriented research that 
enables significant progress on complex problems. “Although the award is 
presented to an individual, much of my research has involved participating on 
and leading teams,” he says. “These teams have made important advances in 
understanding stress corrosion cracking, oxide and mineral surface chemistry, 
and dynamic behaviors of nanoparticles, as well as in developing and applying 
interfacial tools in EMSL that facilitate such advances.” The award was 
established in 1984 by Veeco Instruments, Inc., in recognition of Albert Nerken for his role as a founding 
member of AVS, his early work in the area of high vacuum and leak detection, and his contributions to the 

commercial development of that  
instrumentation.  Presentation of the award takes place at the AVS International 
Symposium, which this year is in San Jose, California, in November.   
 
Zhang invited as guest professor.  EMSL researcher Yanwen Zhang has 
accepted an invitation to serve a two-year term as Guest Professor of Peking 
University. In this capacity, she will monitor Ph.D. students at EMSL who are 
mainly supported by the Chinese government and help strengthen materials 
research at the university, until March 2011. Zhang will visit Peking University 
approximately twice yearly, and the university professors, researchers and students 
will also visit EMSL as part of the collaboration. The invitation was extended by 
Professor J. F. Zhou, the President of Peking University. 
 
 

Don Baer 

 
Yanwen Zhang 
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Three users named to Visiting Scientist Program.  Three longtime EMSL users have been appointed as 
participants of the Wiley Visiting Scientist Program, which is designed to recognize, reward, and encourage 
distinguished scientists to come to EMSL for extended periods of time and make significant contributions to 
the EMSL user program by providing input to and recommendations on the path forward for EMSL. 
 

• Walter Ermler is professor of chemistry at the University of Texas at San 
Antonio. At EMSL, he will work to integrate his CRENB spin-orbit 
operators with EMSL’s NWChem software suite basis set and the EMSL 
Basis Set Exchange Library for the entire periodic system. The availability 
of these spin-orbit potentials in NWChem will directly support 
geochemistry and subsurface science research by enabling calculations that 
can provide more accurate results for those studying the structures and 
reaction mechanisms of heavy-element contaminants at various interfaces at 
the molecular scale. He will also develop collaborations in the area of 
modeling the electronic structure and spectroscopic properties of trans-
uranium molecules and clusters using highly accurate relativistic 
methodologies. 
 

•  Ian Farnan is on the faculty of the Department of Earth Sciences at 
University of Cambridge. During his fellowship, Farnan will work to 
develop the next stage of radiological magic-angle   spinning nuclear 
magnetic resonance capability at EMSL, encompassing higher sample 
rotation speeds and variable temperature operation. He has been 
instrumental in past collaborations with EMSL to develop the technology 
and sample handling protocol for high-resolution, solid-state NMR 
experiments on plutonium, and his work has led to notable findings in the 
area of radiation damage produced in zircon ceramics. 
 

• Alex Shluger is on the Department of Physics and Astronomy faculty at 
University College London. At EMSL, he will expand on his work in laser 
desorption from metal oxides to include new opportunities for connecting 
topographic surface features on oxides to their spectroscopic and chemical 
properties and, therefore, develop an understanding of photo-induced and 
chemical processes for sculpting nanoscale metal oxide surfaces. Such 
surfaces could be beneficial for catalytic and energy applications. Part of 
this research will involve exchange and implementation of ab initio codes 
developed by Shluger’s research team and EMSL’s NWChem code. 

 
Applications for the Wiley Visiting Scientist Program are accepted quarterly, and 
appointments include a stipend for travel and per diem. For more information, see 
http://www.emsl.pnl.gov/news/awards/visiting_scientist.jsp. 
 

Walter Ermler 

Ian Farnan 

Alex Shluger 
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Smith named PNNL Inventor of the Year, Editor in Chief of 
Journal of Proteomics & Bioinformatics.  EMSL user Richard D. 
Smith (Pacific Northwest National Laboratory) was named the PNNL 
Inventor of the Year for Fiscal Year 2008. At EMSL, Smith has taken 
part in developing and applying advanced analytical methods and 
instrumentation, with an emphasis on high-resolution separations and 
mass spectrometry, to environmental, biological and biomedical 
research. Current applications include studies related to carbon 
sequestration, as well as the development of biomarkers for breast and 
brain cancer, neurological diseases, and diabetes and kidney diseases, 
among others.  In addition, Smith has accepted an invitation to 
become Editor-in Chief of the Journal of Proteomics & Bioinformatics. 
Smith sets the direction for the open-access journal and gives final 
approval for each issue.  Founded in 2008, the Journal of Proteomics & 
Bioinformatics strives to provide rapid review and publishing of research 
in the proteomics and bioinformatics fields. The journal disseminates 
its articles freely for research, teaching and reference purposes.  
 

 

Bill Weber named Distinguished Alumnus by 
University of Wisconsin Oshkosh.  EMSL user Bill Weber 
(Pacific Northwest National Laboratory) was selected for the 
Distinguished Alumni Award, the highest University of 
Wisconsin Oshkosh alumni honor given. Weber and eight 
others will be honored for their professional and civic 
achievements during homecoming weekend, October 16-17, 
2009.  Weber is an internationally recognized expert in 
defects and radiation effects in materials. His research, often 
done at EMSL, is essential for advanced electronic devices 
that operate in extreme conditions, developing radiation-
tolerant materials for nuclear power, as well as for space 
exploration and research.  

 

Julia Laskin honored with special issue of Prestigious Spectroscopy 
Journal. EMSL user Julia Laskin (Pacific Northwest National Laboratory) was 
honored with a special issue of the Journal of the American Society of Mass Spectrometry 
in June 2009, now available online. The issue, containing invited articles by several 
experts, recognizes the 2008 Biemann Medal for her early career work in mass 
spectrometry.  In the scientific community, Laskin is internationally known for 
her work on gas-phase ion chemistry and mass spectrometry of large, complex 
molecules. With her colleagues from around the world, she is designing 
techniques to better characterize complex molecules in biological samples, 
atmospheric aerosols, and biofuels, work critical for a secure energy future.  

 
 

Dick Smith 

Bill Weber 

Julia Laskin 
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Wang accepts faculty position at Brown University.  Lai-Sheng Wang 
(Washington State University/Pacific Northwest National Laboratory), a long-time 
EMSL user, has accepted a faculty position in Chemistry at Brown University. In 
his role at Brown University, Wang will be teaching physical chemistry and 
mentoring undergraduate and graduate students. Wang was selected for the faculty 
position based on his distinguished and innovative contributions to the field of 
chemistry, specifically his work on atomic clusters and gaseous multiply charged 
anions. 
 

 

 
 

News Coverage 
EMSL’s supercomputer featured in SciDAC Review.  EMSL’s new supercomputer, Chinook, was 
featured in the Summer 2009 issue of SciDAC Review 
(http://www.scidacreview.org/0903/html/hardware.html ).  
 
EMSL receives Recovery Act funding. DOE is investing in Pacific Northwest National Laboratory 
through the American Recovery and Reinvestment Act.  EMSL has been awarded $60M. Receipt of these 
funds will allow EMSL to accelerate existing plans to enhance its user program, obtaining systems and 
capability that maintain EMSL’s position as a state-of-the-art user facility.  Purchases will enable high-end 
scientific capabilities, including nuclear magnetic resonance spectrometry, mass spectrometry, and high-
powered microscopy.  An article was published in the Tri-City Herald at http://www.tri-
cityherald.com/kennewick_pasco_richland/story/519807.html.  
   

Visitors and Users  
Year to date in Fiscal Year 2009, a total of 409 users benefited from EMSL capabilities and expertise.  This 
total included 271 onsite users and 138 remote users. 

Publications 
 
Aubriet, F, J-J Gaumet, WA De Jong, GS Groenewold, AK Gianotto, ME McIiwain, MJ Van Stipdonk, and 
CM Leavitt. 2009, "Cerium Oxyhydroxide Clusters: Formation, Structure and Reactivity." Journal of Physical 
Chemistry A 113(22):6239-52.  
 
Bae, I-T, W Jiang, CM Wang, WJ Weber, and Y Zhang. 2009, "Thermal Evolution of Microstructure in Ion-
Irradiated Gan." Journal of Applied Physics 105(8):083514, 1-7.  
 
Baer, DR, MH Engelhard, AR Felmy, JJ Ford, JZ Hu, AS Lea, P Nachimuthu, LV Saraf, JA Sears, and S 
Thevuthasan. 2009, "New Approaches for Characterizing Sensor and Other Modern Complex Materials." 
ECS Transactions 19(6):137-48. 10.1149/1.3118546  

Lai-Sheng Wang 



EMSL Quarterly Highlights Report: 3rd Quarter, FY09  

27 

 
Bryantsev, VS, MS Diallo, ACT Van Duin, and WA Goddard I. I. I. 2009, "Evaluation of B3lyp, X3lyp, and 
M06-Class Density Functionals for Predicting the Binding Energies of Neutral, Protonated, and 
Deprotonated Water Clusters." Journal of Chemical Theory and Computation 5(4):1016-26. 
10.1021/ct800549f  
 
Bylaska, EJ, M Holst, and JH Weare. 2009, "Adaptive Finite Element Method for Solving the Exact Kohn-
Sham Equation of Density Functional Theory." Journal of Chemical Theory and Computation 5(4):937-48. 
10.1021/ct800350j 
 
Chambers, SA. 2009, "Comment On "Origin of Metallic States at the Heterointerfaces between the Band 
Insulators Laalo3 and Srtio3"." Physical Review Letters 102(19):Art. No. 199703. 
10.1103/PhysRevLett.102.199703  
 
Chen, B, X Ren, T Neville, WG Jerome, DW Hoyt, DL Sparks, G Ren, and J Wang. 2009, "Apolipoprotein 
AI Tertiary Structures Determine Stability and Phospholipid-Binding Activity of Discoidal High-Density 
Lipoprotein Particles of Different Sizes." Protein Science 18(5):921-35. 10.1002/pro.101  
 
Cholette, F, T Zubkov, RS Smith, Z Dohnalek, BD Kay, and P Ayotte. 2009, "Infrared Spectroscopy and 
Optical Constants of Porous Amorphous Solid Water." Journal of Physical Chemistry B 113(13):4131-40.  
 
Coyle, CA, OA Marina, EC Thomsen, DJ Edwards, CN Cramer, GW Coffey, and LR Pederson. 2009, 
"Interactions of Nickel/Zirconia Solid Oxide Fuel Cell Anodes with Coal Gas Containing Arsenic." Journal 
of Power Sources 193(2):730-38. 10.1016/j.jpowsour.2009.04.042  
 
Crosby, LD, SM Kathmann, and TL Windus. 2009, "Implementation of Dynamical Nucleation Theory with 
Quantum Potentials." Journal of Computational Chemistry 30(5):743-49.  
 
de Gouw, JA, D Welsh-Bon, C Warneke, WC Kuster, ML Alexander, AK Baker, AJ Beyersdorf, DR Blake, 
MR Canagaratna, AT Celada, LG Huey, W Junkermann, TB Onasch, A Salcido, SJ Sjostedt, A Sullivan, DJ 
Tanner, L Vargas-Ortiz, RJ Weber, DR Worsnop, X-Y Yu, and RA Zaveri. 2009, "Emission and Chemistry 
of Organic Carbon in the Gas and Aerosol Phase at a Sub-Urban Site near Mexico City in March 2006 
During the Milagro Study." Atmospheric Chemistry and Physics 9(10):3425-42.  
 
Devanathan, R, S Thevuthasan, and JD Gale. 2009, "Defect Interactions and Ionic Transport in Scandia 
Stabilized Zirconia." Physical Chemistry Chemical Physics. PCCP 11(26):5506-11.  
 
Devanathan, R, J Yu, and WJ Weber. 2009, "Energetic Recoils in Uo2 Simulated Using Five Different 
Potentials." Journal of Chemical Physics 130(17):Art. No. 174502.  
 
Ferguson, MR, KR Minard, and KM Krishnan. 2009, "Optimization of Nanoparticle Core Size for Magnetic 
Particle Imaging." Journal of Magnetism and Magnetic Materials 321(10):1548-51.  
 
Fernandez, CA, JG Roberts, EM Hoppes, GE Fryxell, CM Wang, JT Bays, MG Warner, RJ Wiacek, and RS 
Addleman. 2009, "Effect of the Ligand Shell Composition on the Dispersibility and Transport of Gold 
Nanocrystals in near Critical Solvents." Langmuir 25(9):4900-06.  
 
Flaud, J-m, WJ Lafferty, and RL Sams. 2009, "Line Intensities for the V1, V3, and V1 + V3 Bands of 34so2." 
Journal of Quantitative Spectroscopy and Radiative Transfer 110(9-10):669-74.  
 
Fredrickson, JK, JM Zachara, AE Plymale, SM Heald, JP McKinley, DW Kennedy, C Liu, and P 
Nachimuthu. 2009, "Oxidative Dissolution Potential of Biogenic and Abiogenic Tco2 in Subsurface 



EMSL Quarterly Highlights Report: 3rd Quarter, FY09  

28 

Sediments." Geochimica et Cosmochimica Acta 73(8):962-76.  
 
Govind, N, M Valiev, L Jensen, and K Kowalski. 2009, "Excitation Energies of Zinc Porphyrin in Aqueous 
Solution Using Long-Range Corrected Time-Dependent Density Functional Theory." Journal of Physical 
Chemistry A 113(21):6041-43.  
 
Gupta, S, SVNT Kuchibhatla, MH Engelhard, V Shutthanandan, P Nachimuthu, W Jiang, LV Saraf, S 
Thevuthasan, and S Prasad. 2009, "Influence of Samaria Doping on the Resistance of Ceria Thin Films and 
Its Implications to the Planar Oxygen Sensing Devices." Sensors and Actuators. B, Chemical 139(2):380-86.  
 
Hadjar, O, P Wang, JH Futrell, and J Laskin. 2009, "Effect of the Surface on Charge Reduction and 
Desorption Kinetics of Soft Landed Peptide Ions." Journal of the American Society for Mass Spectrometry 
20(6):901-06.  
 
Hammond, JR, and K Kowalski. 2009, "Parallel Computation of Coupled Cluster Hyperpolarizabilities." 
Journal of Chemical Physics 130(19):Art. No. 194108.  
 
Harvey, SD, GW Buchko, RB Lucke, CW Wright, AM Melville, AJ Scott, and BW Wright. 2009, "The 
Structure and Purity of a Reference Dye Standard Used for Quantification of C.I. Solvent Red 164 in Fuels." 
Dyes and Pigments 82(3):307-15. 10.1016/j.dyepig.2009.01.015 
 
Henager, CH, DJ Edwards, AL Schemer-Kohrn, M Bliss, and JE Jaffe. 2009, "Preferential Orientation of Te 
Precipitates in Melt-Grown CZT." Journal of Crystal Growth 311(9):2641 - 47. 
10.1016/j.jcrysgro.2009.03.002 
 
Hess, NJ, GK Schenter, MR Hartman, LL Daemen, TE Proffen, SM Kathmann, CJ Mundy, MA Hartl, DJ 
Heldebrant, AC Stowe, and T Autrey. 2009, "Neutron Powder Diffraction and Molecular Simulation Study of 
the Structural Evolution of Ammonia Borane from 15 to 340 K." Journal of Physical Chemistry A 
113(9):5723-35.  
 
Hu, JZ, JH Kwak, Z Yang, X Wan, and LL Shaw. 2009, "Direct Observation of Ion Exchange in 
Mechanically Activated Lih+Mgb2 System Using Ultra-High Field Nuclear Magnetic Resonance 
Spectroscopy." Applied Physics Letters 94(14):Art. No. 141905. 10.1063/1.3110966 
 
Hu, JZ, JA Sears, JH Kwak, DW Hoyt, Y Wang, and CHF Peden. 2009, "An Isotropic Chemical Shift-
Chemical Shift Anisotropic Correlation Experiment Using Discrete Magic Angle Turning." Journal of 
Magnetic Resonance 198(1):105-10.  
 
Huang, W, S Bulusu, R Pal, XC Zeng, and LS Wang. 2009, "Structural Transition of Gold Nanoclusters: 
From the Golden Cage to the Golden Pyramid." ACS Nano 3(5):1225-30. 1021/nn900232d 
 
Huang, W, and LS Wang. 2009, "Probing the 2D to 3D Structural Transition in Gold Cluster Anions Using 
Argon Tagging." Physical Review Letters 102(15):153401(4).  
 
Jiang, W, and WJ Weber. 2009, "Anisotropy of Disorder Accumulation and Recovery in 6h-Sic Irradiated 
with Au2+ Ions at 140 K." Journal of Nuclear Materials 389(2):332-35.  
 
Johnson, BR, BJ Riley, SK Sundaram, JV Crum, CH Henager, Y Zhang, V Shutthanandan, CE Seifert, RM 
Van Ginhoven, CE Chamberlin, A Rockett, D Hebert, and A Aquino. 2009, "Synthesis and Characterization 
of Bulk Vitreous Cadmium Germanium Arsenide." Journal of the American Ceramic Society 92(6):1236-43. 
10.1111/j.1551-2916.2009.03001.x 
 



EMSL Quarterly Highlights Report: 3rd Quarter, FY09  

29 

Kim, BC, D Lopez-Ferrer, S-m Lee, H-k Ahn, S Nair, SH Kim, BS Kim, K Petritis, DG Camp, JW Grate, 
RD Smith, Y-m Koo, MB Gu, and J Kim. 2009, "Highly Stable Trypsin-Aggregate Coatings on Polymer 
Nanofibers for Repeated Protein Digestion." Proteomics 9(7):1893-900.  
 
Kim, DH, J Szanyi, JH Kwak, X Wang, JC Hanson, MH Engelhard, and CHF Peden. 2009, "Effects of 
Sulfation Level on the Desulfation Behavior of Pre-Sulfated Pt BaO/Al2O3 Lean NOx Trap Catalysts: A 
Combined H2 Temperature-Programmed Reaction, in-Situ Sulfur K-Edge X-Ray Absorption near-Edge 
Spectroscopy, X-Ray Photoelectron Spectroscopy, and Time-Resolved X-Ray Diffraction Study." Journal of 
Physical Chemistry C 113(17):7336-41. 10.1021/jp900304h 
 
Kou, R, Y Shao, D Wang, MH Engelhard, JH Kwak, J Wang, VV Viswanathan, CM Wang, Y Lin, Y Wang, 
IA Aksay, and J Liu. 2009, "Enhanced Activity and Stability of Pt Catalysts on Functionalized Graphene 
Sheets for Electrocatalytic Oxygen Reduction." Electrochemistry Communications 11(5):954-57.  
 
Kowalski, K. 2009, "Nested Variant of the Method of Moments of Coupled Cluster Equations for Vertical 
Excitation Energies and Excited-State Potential Energy Surfaces." Journal of Chemical Physics 130(19):Art. 
No. 194110.  
 
Kroeker, S, I Farnan, S Schuller, and T Advocat. 2009, "95Mo  NMR Study of Crystallization in Model 
Nuclear Waste Glasses." in Scientific Basis for Nuclear Waste Management XXXII,  Materials Research Society 
Proceedings of the Fall Meeting, eds. RB Rebak, NC Hyatt and DA Pickett, Vol 1124, pp. Art. No.: 1124-Q03-06 
Plenum Press. 10.1557/PROC-1124-Q03-06  
 
Kuchibhatla, SVNT, P Nachimuthu, F Gao, W Jiang, V Shutthanandan, MH Engelhard, S Seal, and S 
Thevuthasan. 2009, "Growth-Rate Induced Epitaxial Orientation of Ceo2 on Al2o3(0001)." Applied Physics 
Letters 94(20):204101:1-3. 10.1063/1.3139073 
 
Laskin, A, JS Smith, and J Laskin. 2009, "Molecular Characterization of Nitrogen Containing Organic 
Compounds in Biomass Burning Aerosols Using High Resolution Mass Spectrometry." Environmental 
Science & Technology 43(10):3764-71. 10.1021/es803456n 
 
Li, J, and Y Lin. 2009, "Nanomaterials for Sensing and Electrocatalysis." Journal of Nanoscience and 
Nanotechnology 9(4):2173-74.  
 
Lian, J, J Zhang, F Namavar, Y Zhang, F Lu, H Haider, K Garvin, WJ Weber, and RC Ewing. 2009, "Ion 
Beam-Induced Amorphous-to-Tetragonal Phase Transformation and Grain Growth of Nanocrystalline 
Zirconia." Nanotechnology 20(24):245303, 1-7.  
 
Lower, BH, R Yongsunthon, L Shi, L Wildling, HJ Gruber, NS Wigginton, CL Reardon, GE Pinchuk, T 
Droubay, JF Boily, and SK Lower. 2009, "Antibody Recognition Force Microscopy Shows That Outer 
Membrane Cytochromes OmcA and MtrC Are Expressed on the Exterior Surface of Shewanella Oneidensis 
MR-1." Applied and Environmental Microbiology 75(9):2931-35.  
 
Maki, A, T Masiello, TA Blake, JW Nibler, and A Weber. 2009, "On the Determination of C0 (or A0), D0K, 
H0K, and Some Dark States for Symmetric-Top Molecules from Infrared Spectra without the Need for 
Localized Perturbations." Journal of Molecular Spectroscopy 255(1):56-62.  
 
Marginean, I, RT Kelly, RJ Moore, DC Prior, BL Lamarche, K Tang, and RD Smith. 2009, "Selection of the 
Optimum Electrospray Voltage for Gradient Elution LC-MS Measurements." Journal of the American 
Society for Mass Spectrometry 20(4):682-88.  
 
Masiello, T, A Maki, and TA Blake. 2009, "Analysis of the High-Resolution Infrared Spectrum of 



EMSL Quarterly Highlights Report: 3rd Quarter, FY09  

30 

Cyclopropane." Journal of Molecular Spectroscopy 255(1):45-55.  
 
Mei, D, Q Ge, J Szanyi, and CHF Peden. 2009, "First-Principles Analysis of NOx Adsorption on Anhydrous 
γ-Al2O3 Surfaces." Journal of Physical Chemistry C 113(18):7779-89. 10.1021/jp8103563 
 
Mudiyanselage, K, C-W Yi, and J Szanyi. 2009, "Oxygen Coverage Dependence of NO Oxidation on 
Pt(111)." Journal of Physical Chemistry C 113(14):5766-76.  
 
Nellis, S, H Yoon, C Werth, M Oostrom, and AJ Valocchi. 2009, "Surface and Interfacial Properties of 
Nonaqueous-Phase Liquid Mixtures Released to the Subsurface at the Hanford Site." Vadose Zone Journal 
8(2):344-51.  
 
Osborn, W, T Markmaitree, LL Shaw, R Ren, JZ Hu, JH Kwak, and Z Yang. 2009, "Solid-State Hydrogen 
Storage: Storage Capacity,Thermodynamics and Kinetics." JOM. The Journal of the Minerals, Metals and 
Materials Society 61(4):45-51.  
 
Peretyazhko, T, JM Zachara, JF Boily, Y Xia, PL Gassman, BW Arey, and WD Burgos. 2009, "Mineralogical 
Transformations Controlling Acid Mine Drainage Chemistry." Chemical Geology 262(3-4):169-78.  
 
She, X, M Flytzani-Stephanopoulos, CM Wang, Y Wang, and CHF Peden. 2009, "SO2-Induced Stability of 
Ag-Alumina Catalysts in the SCR of NO with Methane." Applied Catalysis. B, Environmental 88(1-2):98-105.  
 
Siu, C-K, J Zhao, J Laskin, IK Chu, AC Hopkinson, and KWM Siu. 2009, "Kinetics for Tautomerizations and 
Dissociations of Triglycine Radical Cations." Journal of the American Society for Mass Spectrometry 
20(6):996-1005.  
 
Song, T, C Lam, DC Ng, G Orlova, J Laskin, D-C Fang, and IK Chu. 2009, "Experimental and 
Computational Studies of the Macrocyclic Effect of an Auxiliary Ligand on Electron and Proton Transfers 
within Ternary Copper(II)-Histidine Complexes." Journal of the American Society for Mass Spectrometry 
20(6):972-84.  
 
Springer, DL, JH Miller, SL Spinelli, L Pasa-Tolic, SO Purvine, DS Daly, RC Zangar, S Jin, N Blumberg, CW 
Francis, MB Taubman, AE Casey, SD Wittlin, and RP Phipps. 2009, "Platelet Proteome Changes Associated 
with Diabetes and During Platelet Storage for Transfusion." Journal of Proteome Research 8(5):2261-72.  
 
Thevuthasan, S, LV Saraf, OA Marina, CM Wang, V Shutthanandan, and PE Burrows. 2009, "Nanoscale 
Effects on Oxygen Ion Conductance in Oxide Electrolytes." in Handbook of Electrochemical 
Nanotechnology, eds. Y Lin and H Nalwa. American Scientific Publishers, Los Angeles, CA. 
 
Toepel, J, JE McDermott, T Summerfield, and LA Sherman. 2009, "Transcriptional Analysis of the 
Unicellular, Diazotrophic Cyanobacterium Cyanothece Sp. ATCC 51142 Grown under Short Day/Night 
Cycles." Journal of Phycology 45(3):610-20.  
 
Umar, AN, H Kang, AM Timmermans, MP Look, ME Meijer-van Gelder, MA den Bakker, N Jaitly, JW 
Martens, TM Luider, JA Foekens, and L Pasa-Tolic. 2009, "Identification of a Putative Protein Profile 
Associating with Tamoxifen Therapy Resistance in Breast Cancer." Molecular & Cellular Proteomics. MCP 
8(6):1278-94. 10.1074/mcp.M800493-MCP200 
 
Villa, O, S Krishnamoorthy, J Nieplocha, and DML Brown. 2009, "Scalable Transparent Checkpoint-Restart 
of Global Address Space Applications on Virtual Machines over Infiniband." in Proceedings of the 6th ACM 
Conference on Computing Frontiers, pp. 197-206. Association for Computing Machinery, New York, NY. 
10.1145/1531743.1531776  



EMSL Quarterly Highlights Report: 3rd Quarter, FY09  

31 

 
Wan, J, Y Kim, TK Tokunaga, Z Wang, S Dixit, CI Steefel, E Saiz, M Kunz, and N Tamura. 2009, "Spatially 
Resolved U(VI) Partitioning and Speciation: Implications for Plume Scale Behavior of Contaminant U in the 
Hanford Vadose Zone." Environmental Science & Technology 43(7):2247-53.  
 
Wang, CM, DR Baer, JE Amonette, MH Engelhard, J Antony, and Y Qiang. 2009, "Morphology and 
Electronic Structure of the Oxide Shell on the Surface of Iron Nanoparticles." Journal of the American 
Chemical Society 131(25):8824–32. 10.1021/ja900353f 
 
Wang, CM, Z Yang, S Thevuthasan, J Liu, DR Baer, D Choi, D Wang, J Zhang, LV Saraf, and Z Nie. 2009, 
"Crystal and Electronic Structure of Lithiated Nanosized Rutile TiO2 by Electron Diffraction and Electron 
Energy-Loss Spectroscopy." Applied Physics Letters 94(23):Art No. 10.1063/1.3152783 
 
Wang, D, D Choi, J Li, Z Yang, Z Nie, R Kou, D Hu, CM Wang, LV Saraf, J Zhang, IA Aksay, and J Liu. 
2009, "Self-Assembled TiO2-Graphene Hybrid Nanostructures for Enhanced Li-Ion Insertion." ACS Nano 
3(4):907-14.  
 
Wang, L, W Huang, LS Wang, BB Averkiev, and AI Boldyrev. 2009, "Experimental and Theoretical 
Investigation of Three-Dimensional Nitrogen-Doped Aluminum Clusters AI8N- and AI8N." Journal of 
Chemical Physics 130(13):Art No.:  134303. 10.1063/1.3097761 
 
Wang, XB, AP Sergeeva, J Yang, X Xing, AI Boldyrev, and LS Wang. 2009, "Photoelectron Spectroscopy of 
Cold Hydrated Sulfate Clusters, SO42−(H2O)N ((N = 4−7): Temperature-Dependent Isomer Populations." 
Journal of Physical Chemistry A 113(19):5567-76.  
 
Wang, Y, L An, LV Saraf, CM Wang, V Shutthanandan, DE McCready, and S Thevuthasan. 2009, 
"Microstructure and Ionic-Conductivity of Alternating-Multilayer Structured Gd-Doped Ceria and Zirconia 
Thin Films." Journal of Materials Science 44(8):2021-26.  
 
Windus, TL, EJ Bylaska, K Tsemekhman, J Andzelm, and N Govind. 2009, "Computational Nanoscience 
with NWChem." Journal of Computational and Theoretical Nanoscience 6(6 SP ISS):1297-304.  
 
Wu, S, F Yang, R Zhao, N Tolic, EW Robinson, DG Camp, RD Smith, and L Pasa-Tolic. 2009, "An 
Integrated Workflow for Characterizing Intact Phosphoproteins from Complex Mixtures." Analytical 
Chemistry 81(11):4210-19. 10.1021/ac802487q  
 
Xiao, HY, F Gao, XT Zu, and WJ Weber. 2009, "Threshold Displacement Energy in Gan; Ab Initio 
Molecular Dynamics Study." Journal of Applied Physics 105(12):123527, 1-5. 10.1063/1.3153277  
 
Yan, P, T Wang, GJ Newton, TV Knyushko, Y Xiong, DJ Bigelow, TC Squier, and MU Mayer. 2009, "A 
Targeted Releasable Affinity Probe (Trap) for in Vivo Photo-Crosslinking." Chembiochem 10(9):1507-18. 
10.1002/cbic.200900029 
 
Yang, F, S Wu, DL Stenoien, R Zhao, ME Monroe, MA Gritsenko, SO Purvine, AD Polpitiya, N Tolic, Q 
Zhang, AD Norbeck, DJ Orton, RJ Moore, K Tang, GA Anderson, L Pasa-Tolic, DG Camp, and RD Smith. 
2009, "Combined Pulsed-Q Dissociation and Electron Transfer Dissociation for Identification and 
Quantitation of iTRAQ-labeled Phosphopeptides." Analytical Chemistry 81(10):4137-43. 10.1021/ac802605m 
 
Yang, J, M Stewart, GD Maupin, DR Herling, and A Zelenyuk. 2009, "Single Wall Diesel Particulate Filter 
(DPF) Filtration Efficiency Studies Using Laboratory Generated Particles." Chemical Engineering Science 
64(8):1625-34.  
 



EMSL Quarterly Highlights Report: 3rd Quarter, FY09  

32 

Yoo, S, MV Kirov, and SS Xantheas. 2009, "Low-Energy Networks of the T-Cage (H2O)(24) Cluster and 
Their Use in Constructing Periodic Unit Cells of the Structure I (sl) Hydrate Lattice." Journal of the American 
Chemical Society 131(22):7564-66.  
 
Yoo, S, XC Zeng, and SS Xantheas. 2009, "On the Phase Diagram of Water with Density Functional Theory 
Potentials: The Melting Temperature of Ice I-h with the Perdew-Burke-Ernzerhof and Becke-Lee-Yang-Parr 
Functionals." Journal of Chemical Physics 130(22):Art. No. 211102. 10.1065/1.3153871  
 
Yu, Y, ML Alexander, V Perraud, E Bruns, S Johnson, M Ezell, and BJ Finlayson-Pitts. 2009, 
"Contamination from Electrically Conductive Silicone Tubing During Aerosol Chemical Analysis." 
Atmospheric Environment 43(17):2836-39. 10.1016/j.atmosenv.2009.02.014 
 
Zarzycki, PP, and KM Rosso. 2009, "Origin of Two Time-Scale Regimes in Potentiometric Titration of Metal 
Oxides. A Replica Kinetic Monte Carlo Study." Langmuir 25(12):6841-48.  
 
Zelenyuk, A, J Yang, EY Choi, and DG Imre. 2009, "Splat II: An Aircraft Compatible, Ultra-Sensitive, High 
Precision Instrument for in-Situ Characterization of the Size and Composition of Fine and Ultrafine 
Particles." Aerosol Science and Technology 43(5):411-24.  
 
Zelenyuk, A, J Yang, and DG Imre. 2009, "Comparison between Mass Spectra of Individual Organic 
Particles Generated by UV Laser Ablation and in the IR/UV Two-Step Mode." International Journal of Mass 
Spectrometry 282(1-2):6-12.  
 
Zelenyuk, A, J Yang, DG Imre, and EY Choi. 2009, "Achieving Size Independent Hit-Rate in Single Particle 
Mass Spectrometry." Aerosol Science and Technology 43(4):305-10.  
 
Zhai, HJ, B Wang, X Huang, and LS Wang. 2009, "Probing the Electronic and Structural Properties of the 
Niobium Trimer Cluster and Its Mono- and Dioxides: Nb3On− and Nb3On (n = 0−2)." Journal of Physical 
Chemistry A 113(16):3866-75.  
 
Zhang, M, RC Ewing, LA Boatner, EKH Salje, WJ Weber, P Daniel, Y Zhang, and I Farnan. 2009, "Pb+ 
Irradiation of Synthetic Zircon (ZrSiO4) Infrared Spectroscopic Investigation - Reply." American 
Mineralogist 94(5-6):856-58. 10.2138/am.2009.542 
 
Zhang, Q, LV Saraf, JR Smith, P Jha, and F Hua. 2009, "An Invisible Bend Sensor Based on Porous 
Crosslinked Polyelectrolyte Film." Sensors and Actuators. A, Physical 151(2):154-58. 
10.1016/j.sna.2009.02.034 
 
Zhang, Y, I-T Bae, K Sun, CM Wang, M Ishimaru, Z Zhu, W Jiang, and WJ Weber. 2009, "Damage Profile 
and Ion Distribution of Slow Heavy Ions in Compounds." Journal of Applied Physics 105(10):104901:1-12. 
10.1063/1.3118582  
 
Zhang, Y, J Lian, Z Zhu, WD Bennett, LV Saraf, JL Rausch, CA Hendricks, RC Ewing, and WJ Weber. 2009, 
"Response of Strontium Titanate to Ion and Electron Irradiation." Journal of Nuclear Materials 389(2):303-
10.  
 
Zhang, Y, and WJ Weber. 2009, "Response of Materials to Single Ion Events." Nuclear Instruments and 
Methods in Physics Research. Section B, Beam Interactions with Materials and Atoms 267(8-9):1705-12.  
 
 


