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Rechargeable lithium ion batteries, populat 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 matetial
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 Figure 1. This research was

with water. It has a long tail that grabs hold of hydrophobic matetials. featured on the April 2009 cover of
So, adding sodium dodecyl sulfate allows the graphene to evenly mix in ACS Nano.

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, ] Zhang, IA Aksay, and J Liu. 2009.

"Self-Assembled TiO-Graphene Hybrid Nanostructures for Enhanced Li-Ion Insertion." ACS Nano
3(4):907-914.
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Molecular Characterization of Nitrogen Containing Organic
Compounds in Biomass Burning Aerosols Using High
Resolution Mass Spectrometry

A Laskin,@JS Smith,® and ) Laskin®

(@) 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. Becanse some plant alkaloids might be harmful, the result conld 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 Figure 1. Previously unetezted compoun-ds

the possible effc?cts of smoke particles emitted during forest were detected in smoke from a smoldering fire
fires on the environment and human health. The results with a new method devised at EMSL.

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.
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Symmetry-Driven Spontaneous Self-Assembly of Nanoscale
Ceria Building Blocks to Fractal Superoctahedra

SVNT Kuchibhatla,® AS Karakoti,® DC Sayle,© H Heinrich,® and S Seal®

(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 superoctabedral 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,@ D Hu,® and EJ Ackerman®@
(a) Pacific Northwest National Laboratory, Richland, Washington

Scientists at Pacific Northwest National Laboratory devised a method to hold certain types of molecules still and measnre 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 miimic 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.
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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 Nanopatticles-Supported Single-Molecule Fluorescence
Spectroelectrochemistry." Nano Letters 9(2):655-658.

Line Intensities for the v, v;, and v: + v:Bands of 34S0-

JM Flaud,® W] Lafferty,® and RL Sams©

(a) Laboratoire Inter-Universitaire des Systemes Atmospheriques, Paris, France
(b) MNational 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 ernptions, 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 *S1602 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 A small segment of the b-type band 2v, of *SO,
348160;,. This analysis of this lesser studied sulfur
isotope allows researchers to more accurately

quantify the total amount of sulfur dioxide in the 22253,,’;"1’3,, e
atmosphere. Measuring the ratio 3#SO;.and 3250,
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.
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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 obt_éined detailed data on the
industrial pollutant 34SOz.
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This work also measured, for the first time, the infrared absorption cross-sections for individual rotational-
vibrational transitions of 34S1¢O,., vital for eco-monitoring,.

This study provides a more accurate experimental view of the structure, bonding, and vibrational and
rotational energy patterns of 3#S190,. 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 Radjative
Transfer

Citation
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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 awatd 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 Don Baer
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 yeatly, 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.

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.

e  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 1
modeling the electronic structure and spectroscopic properties of trans- it
uranium molecules and clusters using highly accurate relativistic i
methodologies.

e 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.

e 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 lan Farnan
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.
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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 spectrometty, to environmental, biological and biomedical
research. Current applications include studies related to catbon
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.

A :
Dick Smith

Bill Weber named Distinguished Alumnus by

University of Wisconsin Oshkosh. EMSL user Bill Weber =lyim
(Pacific Northwest National Laboratory) was selected for the /
Distinguished Alumni Award, the highest University of - p‘
Wisconsin Oshkosh alumni honor given. Weber and eight 5 (e
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- ii [

tolerant materials for nuclear power, as well as for space - |' l ’
exploration and research.

Bill Weber

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.

Julia Laskin
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Wang accepts faculty position at Brown University. Lai-Sheng Wang
(Washington State University/Pacific Northwest National Laboratoty), 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.

S

] il i\
Lai-Sheng Wan

News Coverage

EMSL’s supercomputer featured in SciDAC Review. EMSL’s new supercomputer, Chinook, was
featured in the Summer 2009 issue of S¢ZD.AC 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.tti-
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.
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