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CHAIRMAN'S INTRODUCTION
Chi-Chang Kao

Chairman, National Synchrotron Light Source

As the NSLS continued its legacy of scientific
excellence in 2006, | was honored to be named
Chairman of the department after former Chair,
Steve Dierker, stepped down to lead the develop-
ment of NSLS-Il. The NSLS is a very special place
with a long and exemplary tradition of innovation
in accelerator concepts and technology, as well

as in the development of experimental techniques
and applications of synchrotron radiation. More-
over, during the last quarter century, the NSLS has
been one of the most widely used and productive
scientific facilities in the world. The year 2006 was
no exception, with a record-high 921 publications
reported by our users and staff.

An impressive array of highlights is included in
this Activity Report to illustrate this extraordinary
productivity and its impact to science, technology,
and society. For example, one user group investi-
gated new materials for use in lithium-ion bat-
teries, the most common type of battery found in
portable electronics and the most promising type
for hybrid cars. Another user group determined the
atomic crystal structure and functional mechanism
of an enzyme essential for eliminating unwanted,
non-nutritional compounds such as drugs, indus-
trial chemicals, and toxic compounds from the
body. And in yet another interesting study, NSLS
staff and users made improvements to microbeam
radiation therapy, an experimental form of radia-
tion therapy that has been under investigation for
many years.

Chi-Chang Kao

As always, the success of these research projects
depends on the performance of the facility. Thanks
to the dedication and hard work of our staff, both
storage rings were in top form again this year

— reliability was 94.3 percent for the x-ray ring
and 97 percent for the VUV-IR ring. In addition,
we have made significant progress this year in
improving machine performance and reliability,
including klystron replacement, improving diag-
nostics in the injection system, conducting an orbit
stability study, and commissioning the new X25
in-vacuum mini-gap undulator. Finally, to ensure
the long-term reliability of the NSLS accelerator
complex, Accelerator and Operation and Engi-
neering Division staff were charged to assess the
reliability risks and risk mitigation plans in prepa-
ration for an external review.

In the area of safety, | am very pleased that there
were no reportable occurrences related to environ-
mental, safety, or health issues in 2006. In addi-
tion, NSLS users and staff have worked more than
1,000 days without a lost-time injury, and count-
ing. This is a remarkable record and we should

all be proud of this accomplishment. But, we have
to continue to be vigilant and make sure safety

is integrated into everything that we do. A major
safety initiative lunched this year was the imple-
mentation of an Electrical Equipment Inspection
program at the NSLS. The goal of the program is
to review and inspect all electrical equipment and
installations to ensure they are free from electrical
shock or fire.

Additionally, many beamline upgrade projects
were initiated or completed this year. The most
significant ones were the X25 beamline upgrade
and the construction of the X9 small-angle x-ray
scattering (SAXS) beamline. The X25 upgrade
was critically important for the NSLS to meet

the growing demand from the macromolecular
crystallography user community for high-bright-
ness beamlines, which are essential for tackling
the most challenging scientific problems. X9 will
be a new undulator-based beamline optimized

to provide SAXS and grazing incidence SAXS
capabilities for nano- and bioscience studies that
require high flux and/or small beam. The beamline
is a collaboration between the NSLS and Center
for Functional Nanomaterials (CFN). In 2006, with
the collaboration of the Case Center for Synchro-
tron Biosciences, the existing X9 beamlines were
relocated to X3 to make room for the construction
of the new X9 beamline.
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In mid-May, the first joint NSLS-CFN Users’ Meet-
ing was carried out successfully, making way for
close collaboration between the two facilities when
the CFN opens next year. Progress on the NSLS-II
also continues to press forward and we have be-
gun to plan for the eventual transition to the new
facility, which will provide x-rays more than 10,000
times brighter than those produced at the NSLS.
Finally, with extensive input from the user commu-
nity, NSLS staff, and Brookhaven research depart-
ments, we have developed a five-year strategic
plan for the NSLS. The plan identifies a number
of exciting scientific opportunities, improvements
needed for better accelerator performance, and
upgrades for beamlines, detectors, and infra-
structure at the NSLS. We believe that this plan
will keep scientific productivity up and grow new
scientific communities at the NSLS, as well as
allow us to smoothly transition the user scientific
programs to the NSLS-II.



USERS' EXECUTIVE COMMITTEE REPORT

Chris Jacobsen
Stony Brook University

This past year has seen both challenges and
fantastic new opportunities for the user community
at the NSLS.

The fantastic new opportunities are clear and
abundant. We now have a five-year strategic plan
for new development and continued operation of
the NSLS. The NSLS continues to be an extremely
productive facility, and the UEC is delighted at
how NSLS Chair Chi-Chang Kao has consulted
widely within the user community to develop a
five-year plan for strategic upgrades and contin-
ued operation of the facility. The NSLS-II project,
led by Associate Lab Director Steve Dierker, has
done very well in its Department of Energy (DOE)
reviews and will hopefully soon receive Critical
Decision-1 (CD-1) approval, which in DOE lingo
gives a go-ahead to launch the detailed design of
the facility.

We also held the first joint user meeting between
the NSLS and Brookhaven’s Center for Functional
Nanomaterials (CFN), for which the building is
near completion. The joint user meeting is an
important step toward the close collaboration of
the two facilities. The CFN, led by Emilio Mendez,
promises to provide capabilities and research foci
that are complementary to those at the NSLS.

Together, all of these developments give a clear
path to an exciting future of synchrotron radiation
research at Brookhaven!

Chris Jacobsen

However, with opportunities come challenges!
One of the largest of these faced in the past

year involved congressional support for scientific
research in general, and DOE user facilities in
particular. As you likely know, Congress did not
complete its usual budget process in 2006, with
the exceptions of the departments of Defense and
Homeland Security. This left science funding at
the budget levels enacted in late 2005 for FY2006,
and unfortunately, FY2006 was not a particu-

larly memorable vintage for science support. The
good news is that you, the user community, have
spoken up with unprecedented vigor about this,
and Congress appears to be listening. As we look
at the FY2007 budget and the years to follow, we
need to continue to educate our elected represen-
tatives about the benefits that are provided to our
society and our economy by scientific investigation
including research done at DOE user facilities like
the NSLS.

We face another interesting challenge as the
NSLS-II project progresses: the formation of sci-
entific research teams associated with particular
beamlines at the new facility. In early 2007, the
final draft of the conceptual design report will be
available, which will describe the projected capa-
bilities of NSLS-II, and we can expect a workshop
in mid-2007 to launch the process leading to
letters of intent for beamlines. This process will
include lots of discussion about access modes, as
we seek ways to allow scientific and technical in-
novators from the user community to play signifi-
cant roles at NSLS-II.

Let us rise to the challenges to fully realize the
opportunities!
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SCIENCE AT THE NSLS

Kendra Snyder
NSLS Science Writer

As the new science writer at the NSLS, I'm excited
to introduce this year’s Science Highlights and
Feature Highlights sections.

Journalists are lifetime students; by 5 p.m. each
day, they’ve become a sort of mini-expert in a
topic that might have been completely foreign to
them that morning. Being the NSLS science
writer is no exception. Out of more than 800
articles published by NSLS users each year in
peer-reviewed journals, about 50 are selected to

Kendra Snyder

appear on the NSLS homepage. I'm exposed to

a number of those papers every month, and as a
result, my knowledge of everything from nanosci-
ence to condensed matter physics has greatly
increased in the short time I've been here: | never
thought I'd be writing about things like anisotropy,
ferromagnetism, and biomineralization, let alone
have those terms in my vocabulary.

Yet, there’s so much more out there. The most
amazing part of this job is knowing that the high-
lights that appear on the following pages represent
just a small fraction of the science performed at
the NSLS in the chemical, material, environmental,
physical, and life sciences. Keep that in mind as
you read this year’s Science Highlights — scientist-
written summarized versions of published papers
— and Feature Highlights, which are written by
Brookhaven Lab science writers and targeted at a
general audience.

Because | joined the NSLS in June 2006, | can-
not take credit for all of the editing and writing
involved in creating these sections. | would like to
acknowledge Laura Mgrdichian, Lisa Miller, Karen
McNulty Walsh, and Kay Cordtz for their work. And
of course, thank you to all of the wonderful NSLS
scientists and users who have welcomed me to
this unique facility and helped me understand the
even more unique work they accomplish.

| look forward to another great year of working
with all of you.
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MODELING MINERAL FORMATION WITH X=RAYS

Some of the hardest and sturdiest materials aren’t
made in the factory; they’re made inside the bodies
of animals. Biominerals are commonly used for
support and protection, forming in teeth, bones,
and shells in animals ranging from humans to mol-
lusks. The cells in an animal’s body have special
ways of controlling the sizes and shapes of these
mineral compounds and incorporating organic
materials into the mix, making many materials that
are stronger, harder and more wear-resistant than
rocks. The trick for scientists is to mimic these
properties to repair bones and teeth and to find
environmentally clean and strong materials for in-
dustrial uses. At the NSLS, a group of researchers
from Brookhaven and the University of Florida are
working toward that goal by studying the process
of biomineralization.

“We’re trying to understand how those minerals
come to form,” said NSLS physicist Elaine DiMasi.
“They’re literally as common as seashells on the
beach, and the elements they’re made from are
very abundant, but synthetically, people have
trouble making the particles small enough and get-
ting control over the structure.”

[ ] . ] ® L] L4 ®

This image depicts the calcium carbonate biomineralization
model studied by the research team. The black lines at the
top represent the membrane, the network below it is the
amorphous, hydrated mineral film and the squiggly black
line in the circle is the PAA molecule with its collection of
calcium cations (red balls), which get released by the film.
The three-atom carbonates (black and blue balls) diffuse
from the bottom right. Together, the calcium and carbonate
form the mineral film.
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The researchers studied the biomineralization of
calcium carbonate by creating a model system with
an organic layer to mimic a cell boundary and a
liquid designed to precipitate the mineral. Using
this model, which was set up in a water trough, the
team focused on three factors that control calcium
carbonate growth: the presence of magnesium, the
presence of polyacrylic acid (PAA), and the escape
rate of carbon dioxide.

These three factors were studied at beamline X22B
using a special spectrometer that sends x-rays in
at an angle and reflects them from different layers
in the model system. This allowed the researchers
to measure the thickness of the minerals as a func-
tion of time while alternating which controls are
kept constant.

“We tried to clarify whether these things are all
generically the same kind of calcium carbonate
inhibitor, or whether they act differently from one
another,” DiMasi said. “What we discovered was
each has a unique effect that we could differentiate
quite clearly.”

For example, the researchers found that PAA,
which mimics the presence of proteins, stabilizes
the calcium carbonate in the amorphous stage, a
disordered phase that is incorporated with water.
The amount of time before this calcium carbonate
film thins out and dissolves is longest with large
amounts of PAA and shortest when there’s a small
amount of the polymer in the system.

Another controlling factor, the carbon dioxide es-
cape rate, was studied by altering the depth of the
tray containing the model system. Carbon dioxide
will diffuse from the system much more quickly
with a shallow tray than a deeper one. The team
found that this diffusion rate was the variable that
controls mineral growth rate.

The final factor, the presence of magnesium,
wasn’t found to change the rate of growth as some
expected. Instead, its presence causes a delay, in
when the calcium carbonate film starts to grow.

Using what they discovered about these three
factors, the researchers put together a model of
the early formation of calcium carbonate. It goes
something like this: PAA has many negative charg-
es associated with it, which pull in positive cal-
cium ions required for the amorphous film to form.
Because the calcium is already collected and being
held by PAA, the rate of growth depends on the
amount of available carbonate, which is produced
by the diffusion of carbon dioxide. The more shal-
low the tray, the quicker carbonate is available and
the faster the calcium carbonate amorphous film



grows. The magnesium also is attracted to PAA
because of its positive charge, and the ion fights
against calcium for spots on the polymer. Calcium
ultimately binds more strongly to PAA; however,
the presence of magnesium in the system delays
formation of the film as the two ions compete.

“Previously people thought that magnesium and
PAA were both inhibitors, that they both stop
calcite from crystallizing from the amporphous pre-
cursor phase,” DiMasi said. “Our results show that
they do different things and this model shows why.
PAA is not just defeating calcite crystal formation;
it's actually stabilizing the amorphous phase by
adding cations. And the magnesium is not interfer-
ing with crystal formation; it's interfering with this
polymer-prepping action that happens.”

The time-resolved measurements, and small size
of the biomineralization system itself, make this a
unique study, DiMasi said.

“A lot of people in the field grow crystals and

study them in great detail, but we’re looking at the
stages before that,” DiMasi said. “Our film might
be only 20 nanometers thick while we’'re measur-
ing it, and dissolve within 10 hours. If you gave our
recipe to someone who needed to grow crystals
big enough to look in a microscope, they would
probably declare it a failure and rinse it down the
sink.”

The group’s results were published in the July 27,
2006 edition of Physical Review Letters.

The research was funded by the U.S. Department
of Energy, the National Science Foundation, and
the National Institutes of Health.

For more information, see: E. DiMasi, S. Kwak, F.
Amos, M. Olszta, D. Lush, and L. Gower, "Comple-
mentary Control by Additivies of the Kinetics of
Amorphous CaCO; Mineralization at an Organic
Interface: In-Situ Synchrotron X-ray Observations,"
Phys. Rev. Lett., 97, 045503 (2006).

— Kendra Snyder
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PLANT STUDIES REVEAL HOW, WHERE SEEDS STORE IRON

Dartmouth College issued the following press
release detailing the storage of iron in plant seeds.
These findings, which could lead to ways to pre-
vent iron deficiency and malnutrition, were discov-
ered at the National Synchrotron Light Source. At
beamline X26A, researchers used fluorescence
tomography, an x-ray imaging technique that al-
lows scientists to “see” the distribution of elements
inside the seeds without destroying them.

Dartmouth biologists are leading a research team

Dartmouth researchers Sun A. Kim, Mary Lou
Guerinot, and Tracy Punshon (photo credit, Joseph
Mehling, Dartmouth College).

that has learned where and how some plant seeds
store iron, a valuable discovery for scientists
working to improve the iron content of plants. This
research helps address the worldwide issue of iron
deficiency and malnutrition. Their findings were
published in the November 24, 2006 edition of the
journal Science.

The team found that iron is stored in the develop-
ing vascular system of the seed of Arabidopsis, a
model plant used in research; in particular, iron is
stored in the vacuole, a plant cell’s central stor-
age site. The researchers also learned that this
localization is dependent on a protein called VIT1,
shown to transport iron into the vacuole.

Dartmouth Professor of Biological Sciences Mary
Lou Guerinot, the principal investigator on the
study, says, “lron deficiency is the most common
human nutritional disorder in the world today, af-
flicting more than three billion people worldwide.
Most of these people rely on plants for their dietary
iron. However, plants are not high in iron, and the
limited availability of iron in the soil can limit plant
growth. Our study certainly suggests that iron stor-
age in the vacuole is a promising and, before now,
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largely unexplored target for increasing the iron
content of seeds. Such nutrient-rich seeds would
benefit both human health and agricultural produc-
tivity.”

The researchers combined traditional mutant
analysis (turning on and off the VIT1 protein) with
a powerful x-ray imaging technique to create a map
of where iron is localized in the seed. Guerinot
was surprised by the finding because most studies
on iron storage focus on the protein ferritin. This
paper reveals how important it is to look beyond
ferritin to understand how iron is stored by plants.
The researchers say their study suggests that the
stored iron in the vacuole is an important source
of iron for developing seedlings. Seedlings that do
not express the VIT1 protein grow poorly when iron
is limited.

“We have demonstrated the usefulness of syn-
chrotron x-ray fluorescence microtomography to
look inside a seed,” says Guerinot. “This technique
is noninvasive and requires no sample prepara-
tion. We think our work will open the way for many
more biologists to use this technique to exam-

ine the spatial distribution of metals in samples

of interest.” The imaging was carried out at the
Department of Energy’s National Synchrotron Light
Source at Brookhaven National Laboratory.

Other authors on the paper include Sun A. Kim
and Tracy Punshon, both postdoctoral fellows at
Dartmouth, Antonio Lanzirotti of the University of

Rendered three-dimensional tomographic reconstruction

of the iron (Fe) fluorescence from a wild type Arabidopsis
thaliana seed (approx. 100 um wide seed). In this seed,

the tomographic reconstruction demonstrates that Fe is
localized around the embryonic provasculature of the radicle
and cotyledons. Using fluorescence microtomography, the
research team demonstrated the vital role the gene vacuolar
iron transporter 1 serves in controlling Fe homeostasis in
plants.



Chicago, Liangtao Li and Jerry Kaplan from the
University of Utah School of Medicine, José Alonso
with North Carolina State University, and Joseph
Ecker with the Salk Institute for Biological Studies.

This research was supported by grants from the
National Science Foundation and the National
Institutes of Health. Tracy Punshon was supported
by a training fellowship provided by the National
Institute of Environmental Health Sciences Su-
perfund Basic Research Program Project through
Dartmouth’s Center for Environmental Health Sci-
ences.

For more information, see: S.A. Kim, T. Punshon,
A. Lanzirotti, L. Li, J.M. Alonso, J.R. Ecker, J.
Kaplan, and M.L. Guerinot, "Localization of Iron in
Arabidopsis Seed Requires the Vacuolar Mem-
brane Transporter VIT1," Science, 314, 1295-1298
(2006).

— Sue Knapp, Dartmouth University
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A 'FERROELECTRIC' MATERIAL REVEALS UNEXPECTED, INTRIGUING

BEHAVIOR

In electronics-based technologies, metal-oxide
compounds known as “relaxor ferroelectrics”
often make up key circuit components due to their
unique electrical behavior. They are good insula-
tors and can sustain large electric fields, mak-

ing them excellent at
storing electric charge.
They can also turn a
mechanical force, like
squeezing, into electri-
cal energy.

Scientists at the
Brookhaven National
Laboratory investigated
the poorly understood
origin of these abilities
— with surprising re-
sults. Their work, which
may lead to new ways
to use relaxor ferroelec-
tric materials in electronic devices, was published
in the February 2006 edition of Nature Materials.

Guangyong Xu

The group studied a characteristic feature of relax-
or ferroelectrics — billionth-of-a-meter-sized sub-
regions that each carry a tiny electric field. These

E=d

This sketch shows the distribution of three-dimensional
x-ray scattering intensity patterns (green) in a relaxor
ferroelectric material. This scattering pattern is due to the
material’s polar nanoregions. The scattering was measured
with an applied electric field (E) of (a) E =0 and (b) E =

20 kV/cm, which is applied along the [111] direction. This
external electric field causes the scattering pattern to
redistribute, which is due to the redistribution of the polar
nanoregions.
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“polar nanoregions” (PNRs), embedded within the
material’s crystal lattice, are thought to produce
the materials’ intriguing electrical traits, but little is
known about them. The Brookhaven researchers
studied PNRs by subjecting a relaxor ferroelectric
sample to a strong external electric field.

“We noticed that the weak PNR fields rotated
spatially but resisted lining up with the powerful
outside field,” said the study’s lead researcher,
Brookhaven Lab physicist Guangyong Xu. “This is
very surprising and extremely interesting, as we
know of no other material in which this has been
observed. This finding could lead to new uses

for these materials, such as extremely sensitive
transducer devices that convert mechanical or light
energy into electrical energy.”

The group used NSLS beamline X17B1 to subject
their sample to high-energy x-rays. They then ana-
lyzed the scattering patterns made as the x-rays
passed through the sample, both before and after
applying the electric field.

In the “before” case, the x-rays scattered about

in many different directions, indicating that the
PNR fields were oriented in many different ways.
After applying the external field, the researchers
expected a significant change in the x-ray patterns,
showing that the PNR fields — somewhat like mag-
netic metal filings in a magnetic field — had neatly
aligned with it. But the patterns changed in a dif-
ferent way than predicted. They indicated, instead,
that the PNR fields preferred to line up perpendicu-
lar to the external field, even as the surrounding
atomic lattice lined up along it.

“The reasons behind this behavior are not yet
clear, but we plan to conduct further research that
may help shed light on this interesting and rare
situation,” said Xu. “For example, it is possible that
an even stronger external field could suppress the
PNRs, or that a different relaxor ferroelectric mate-
rial could display different behavior.”

This work was funded by the Office of Basic
Energy Sciences within the U.S. Department of En-
ergy’s Office of Science, the U.S. Office of Naval
Research, and the Natural Science and Research
Council of Canada.

For more information, see: G. Xu, Z. Zhong, Y.
Bing, Z. Ye, and G. Shirane, "Electric-Field-In-
duced Redistribution of Polar Nano-Regions in
a Relaxor Ferroelectric," Nat. Mater., 5, 134-140
(2006).

— Laura Mgrdichian



STRUCTURE OF AN E. COLI MEMBRANE PROTEIN

At the NSLS, a team of scientists from the Uni-
versity of Massachusetts Medical School and the
University of Virginia have determined the molecu-
lar structure of a protein found in the outer mem-
brane of the E. coli bacteria. Their work helps to
explain how this protein
is involved in the overall
function of E. coli and
may one day help in
the creation of vaccines
against pathogenic E.
coli strains. The paper
was featured as the
cover article in the
March 17, 2006 edition
of the Journal of Bio-
logical Chemistry.

The protein they stud-
ied, known as “OmpW,”
is @ member of a family
of small proteins that
are situated within the
cell membranes of certain bacteria. Membrane pro-
teins have many functions. For example, they are
involved in the cell’s metabolic processes, provide
structural stability, aid in cell-to-cell adhesion, or
can protect the cell from outside stresses. Many
are also channel-like transport proteins, allow-

ing molecules and ions to enter and exit the cell.
However, the lack of good structural data on the
OmpW proteins has left scientists uncertain of their
particular role.

Cover of the March 17, 2006
edition of the Journal of
Biological Chemistry

Side view
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Top view

A side view and top view (from the outside of the cell) of the
molecular backbone of OmpW, with the eight strands of the
barrel shown in green and the loops (L1 to L4) connecting
the strands in grey. The position of the membrane is
indicated with horizontal lines.

“Previous crystal structures of proteins related to
OmpW suggest that they have channels that are
too narrow for them to function as transporters.
However, our structure, along with other data, sug-
gests that it can,” said Bert van den Berg, a Uni-
versity of Massachusetts Medical School biologist
involved in the study. “This helps us understand
the role of OmpW with respect to the entire cell.”

To obtain the structure, van den Berg and his col-
leagues worked at NSLS beamlines X25 and X6A.
There, they aimed powerful x-ray beams at OmpW
protein crystals and observed, using detectors and
computers, how the x-rays were diffracted from the
atoms in the samples. They then analyzed these
diffraction patterns using computer software, which
yielded a three-dimensional “snapshot” of the
protein’s molecular structure.

The structure shows that OmpW is a barrel-shaped
protein formed by eight aligned molecular strands.
The inside of the barrel forms a long and narrow
channel, which is closed on one end. Interestingly,
the channel is “hydrophobic,” or water-repellent,
suggesting that OmpW could form a channel for
greasy, hydrophobic molecules.

To learn more about the protein’s function, the
scientists performed a series of “conductance
experiments” on the protein. These tests, which
are designed to determine if a membrane protein
can form a channel for ions, revealed that OmpW
does indeed form a channel. However, which types
of ions and molecules are transported by OmpW in
the bacterial cell is still unclear.

In future work, van den Berg and his colleagues
plan to investigate which greasy molecules, re-
ferred to as substrates, are transported by OmpW
proteins, and they hope to gain a better under-
standing as to how the transport process occurs.

For more information, see: H. Hong, D. Patel, L.
Tamm, and B. van den Berg, "The Outer Membrane
Protein OmpW Forms an Eight-Stranded S-Barrel
with a Hydrophobic Channel," J. Biol. Chem., 281,
7568-7577 (2006).

— Laura Mgrdichian
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MEASURING SYNTHESIS INTERMEDIATES FOR BETTER MATERIALS

Involved in about 90 percent of all chemical
processes and the creation of about 60 percent

of the chemical products available on the market,
catalysis is vital to American industries. Catalysis,
the acceleration of a chemical reaction by means
of a separate substance (the catalyst), benefits
fields such as chemistry, petroleum production,
environmental protection, pharmaceuticals, bioen-
gineering, and the development of fuel cells. New
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information about catalysis can lead to better and
more efficient materials and processes such as oil
refining and reducing harmful emissions in motor
vehicles. But while catalysis might sound like it’s
all about the end product, Brookhaven National
Laboratory and University of Connecticut research-
ers are focused on what happens in between.

The properties and activity of materials can vary
significantly with different synthesis methods or at
different conditions, such as temperature and time.
Using x-rays at beamline X7B of the National Syn-
chrotron Light Source, BNL and UConn research-
ers measured the changes catalyst materials go
through during synthesis, showing that kinetic

and mechanistic information about certain materi-
als could allow for better synthesis control. “By
understanding the intermediate, we can define the
conditions whereby you get the product you want,”
said BNL chemist Jon Hanson, part of the group
that performed the research.

The traditional way of making these observa-

tions is done outside of the reaction environment,
termed ex-situ. During this method, target materi-
als are separated from the reaction systems after
different reaction times and then washed and dried
before structural analysis. However, this process
can alter materials from their original state in the
reaction systems.

“You’re probably going to change the material
when you measure it,” Hanson said. “You can’t
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observe the characteristics under processed condi-
tions.”

Thanks to high-flux x-rays, scientists can avoid that
alteration with a method called in-situ synchrotron
x-ray diffraction. This process provides a real-time
look at the phase transformations involved in the
synthesis or catalysis without removing them from
the reaction environment. At the NSLS, Hanson,
along with Xiong-Fei Shen from Steven Suib’s
research group at the University of Connecticut
used this mode to study structural changes during
the synthesis of manganese oxide octahedral mo-
lecular sieves, a group of materials that have uses
ranging from catalysts to gas sensors.

To find out details about manganese oxide synthe-
sis, a different type of in-situ procedure was used.
The majority of in-situ studies use the targeted
material in a solid or gel form. BNL and UConn
researchers, however, used hydrothermal synthe-
sis, in which the material is in a heterogeneous
liquid-solid form. Researchers heated a slurry of
dried birnessite, a layered-structure manganese
oxide, with HNO, solution. They then “watched”
the effects of different temperatures on the mixture
through x-ray diffraction and determined the condi-
tions needed to obtain different structures of the
compound. For example, after heating the mixture
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(A) In-Situ synchrotron XRD patterns for synthesis of a
B-MnO, (1x1 tunnel structure) by hydrothermal treatment of
a layered structure manganese oxide with 1 M HNO,. The
system was heated from 25 to 180 °C at 6.2 °C /min, and
held at 180 °C. XRD patterns were collected continuously
with 5 min/pattern. (B) Schematic to show transformation
from layered structures to the final 1x1 tunnel structure.



for 15 minutes at 180 °C, a 1 x 2 tunnel structure
of manganese oxide starts to form. Similar obser-
vations were performed with KOMS2, for which
scientists determined the conditions needed to pro-
duce desired surface areas. Knowing basic char-
acteristics, such as structure and surface area,

as materials are synthesized can provide better
control or “tuning” to get the catalytic properties
scientists and industries want, Hanson said.

The results of their work were published in the
April 12, 2006 edition of the Journal of the Ameri-
can Chemical Society. Other scientists involved in
this research include Yun-Shuang Ding, and Mark
Aindow (University of Connecticut). Funding was
provided by the Office of Basic Energy Sciences
within the U.S. Department of Energy’s Office of
Science.

For more information, see: X. Shen, Y. Ding, J.
Hanson, M. Aindow, and S. Suib, "In Situ Synthesis
of Mixed-Valent Manganese Oxide Nanocrystals:
An In Situ Synchrotron X-ray Diffraction Study," J.
Am. Chem. Soc., 128, 4570 (2006).

— Kendra Snyder
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NEW X=RAY DELIVERY METHOD COULD IMPROVE RADIATION THERAPY

Researchers at Brookhaven National Laboratory
and colleagues at Stony Brook University, the
IRCCS NEUROMED Medical Center in Italy, and
Georgetown University say improvements they
have made to an experimental form of radiation
therapy that has been under investigation for many
years could make the technique more effective
and eventually allow its use in hospitals. Results
on the improved method, which was tested in rats,
were published in the June 20, 2006 edition of the
Proceedings of the National Academy of Sciences.

Authors (sitting) Zhong Zhong; (standing, from left)
Ruiliang Wang, David Anschel, Jeremy Welwart, and
Avraham Dilmanian

The technique, microbeam radiation therapy
(MRT), previously used a high-intensity synchro-
tron x-ray source such as a superconducting wig-
gler at the NSLS to produce parallel arrays of very
thin (25 to 90 micrometers) planar x-ray beams
(picture the parallel panels of window blinds in the
open position) instead of the unsegmented (solid),
broad beams used in conventional radiation treat-
ment. Previous studies conducted at Brookhaven
and at the European Synchrotron Radiation Facility
(ESRF) in Grenoble, France, demonstrated MRT’s
ability to control malignant tumors in animals with
high radiation doses while subjecting adjacent
normal tissue to little collateral damage.

But the technique has limitations. For one thing,
only certain synchrotrons can generate its very
thin beams at adequate intensity, and such facili-
ties are available at only a few research centers
around the world.

“The new development seeks a way out of this
situation,” explained Brookhaven scientist Avraham
Dilmanian, lead author of the new study. In this pa-
per, the scientists report results that demonstrate
the potential efficacy of significantly thicker micro-
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beams, as well as a way to “interlace” the beams
within a well-defined “target” inside the subject to
increase their killing potential there, while retaining
the technique’s hallmark feature of sparing healthy
tissue outside that target.

First, using NSLS beamline X17B1, researchers
exposed the spinal cords and brains of healthy rats
to thicker (0.27 to 0.68 millimeter) microbeams at
high doses of radiation and monitored the animals
for signs of tissue damage. After seven months,
animals exposed to beams as thick as 0.68 mil-
limeter showed no or little damage to the nervous
system.

“This demonstrates that the healthy-tissue-spar-
ing nature of the technique stays strong at a beam
thickness that is within a range that could be
produced by specialized x-ray tubes of extremely
high voltage and current,” Dilmanian said. Such
X-ray sources may become available sometime in
the future and may allow the implementation of the
method in hospitals.

Next, the scientists demonstrated the ability to
“interlace” two parallel arrays of the thicker micro-
beams at a 90-degree angle to form a solid beam
at a small target volume in the rats’ brains, and
measured the effects of varying doses of radiation
on the targeted tissue volume and the surrounding
tissue using magnetic resonance imaging (MRI)
scans.

For interlacing, the gaps between the beams in
each array were chosen to be the same as the
thickness of each beam, so the beams from one
array would fill the gaps in the other to produce the
equivalent of an unsegmented beam in the target
volume only.

“In this way we are effectively delivering an unseg-
mented broad beam type of dose to just the target
region — which could be a tumor, or a non-tumer-
ous target we want to ablate — while exposing the
surrounding tissue to segmented radiation from
which it can recover,” Dilmanian said.

The MRI scans showed that at a particular dose

of radiation, the new configuration could produce
major damage to the target volume but virtually

no damage beyond the target range. “The dose of
radiation delivered to the target volume would have
been enough to ablate a malignant tumor,” Dilma-
nian said.

“These results show that thick microbeams gener-
ated by special x-ray tubes in hospitals could even-
tually be used to destroy selective targets while
sparing healthy tissue,” Dilmanian said.



Said collaborator Eliot Rosen, a radiation oncolo-
gist at Lombardi Comprehensive Cancer Center,
Georgetown University, “This form of microbeam
radiation therapy could improve the treatment of
many forms of cancer now treated with radiation,
because it can deliver a more lethal dose to the
tumor while minimizing damage to surrounding
healthy tissue. It may also extend the use of radia-
tion to cases where it is now used only judiciously,
such as brain cancer in patients under three years
of age, because of the high sensitivity of young
brain tissue to radiation.”

And according to collaborators David Anschel,

a neurologist at Stony Brook University and
Brookhaven Lab, and Pantaleo Romanelli, a neu-
rosurgeon from NEUROMED Medical Center, the
technique may also have applications in treating a
wide range of benign and malignant brain tumors
and other functional brain disorders such as epi-
lepsy and Parkinson’s disease.

Background on MRT

MRT research was initiated by retired Brookhaven
scientist Daniel Slatkin, the late Per Spanne, also
from Brookhaven, Dilmanian, and others in the
early 1990s at Brookhaven’s NSLS. Since the
mid-1990s, the method has been under ongoing
investigation also at ESRF.

It is not clear why high dose MRT is effective at
killing tumor tissue while sparing healthy tissue.

The researchers hypothesize that the normal tissue
repairs itself, in part, as a result of the survival
between the microbeams of the microvasculature’s
angiogenic cells. This effect seems to occur more
successfully in the normal tissue than in tumors,
although other factors also seem to be involved.

Neither the original nor the improved MRT tech-
nique has been tested in humans.

The MRT research program at Brookhaven was
funded in the past by Brookhaven’s Laboratory
Directed Research and Development program, the
Children’s Brain Tumor Foundation, the Office of
Biological and Environmental Research within the
U.S. Department of Energy’s Office of Science, and
by the National Institutes of Health. The studies
were carried out at the NSLS, which is supported
by the Office of Basic Energy Sciences within
DOE'’s Office of Science.

For more information, see: F. Dilimanian, Z. Zhong,
T. Bacarian, H. Benveniste, P. Romanelli, R. Wang,
J. Welwart, T. Yuasa, E. Rosen, and D. Anschel,
"Interlaced X-ray Microplanar Beams: A Radiosur-
gery Approach with Clinical Potential," Proc. Natl.
Acad. Sci. USA, 103, 9709-9714 (2006).

— Karen McNulty Walsh
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THE UNUSUAL INSULATING PROPERTIES OF A SUPERCONDUCTOR

Since their discovery, high-temperature super-
conductors, a class of remarkable materials that
conduct electricity with almost zero resistance,
have perplexed scientists. Despite many, many
studies, how these materials do what they do is
still not well understood. At the NSLS, scientists
have discovered a perhaps odd, yet important clue
to the puzzle — that a common high-temperature
superconductor actually has distinct insulating
properties.

The superconductor is known as “LBCO,” named
for the elements it contains: lanthanum, barium,
copper, and oxygen. LBCO is widely studied and,
despite all there is yet to learn, researchers have
learned some important things about it. For ex-
ample, the barium atoms act as the material’s sole
electric carriers by introducing positively charged
vacancies, called “holes,” that electrons can jump
to. Changing the amount of barium in LBCO thus
changes its superconducting behavior. At a certain
critical amount of barium — oddly enough — the
superconductivity of LBCO disappears.

This disappearance of the superconductivity co-
incides with the formation of ribbon-like magnetic
regions in the material, known as “stripes.” Stripes
were discovered by Brookhaven Lab physicist John
Tranquada in 1995.

“What we were able to show is that the holes in
LBCO are sandwiched between these magnetic

L(r.l u)

|
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A “reciprocal space map” representation of the stripes in
the copper-oxide layers of LBCO. “H” and “L” are measures
of how often the ribbon-like stripes “wave.” H corresponds
to the a direction, and L corresponds to the ¢ direction.
Their reciprocals, 1/H and 1/L, are a measure of the stripes’
wavelength. The red and pink vertical streak at H = 0.25
indicates that the stripes have a wavelength of four lattice
parameters and are stacked along the c direction.

2-18

stripes, forming ribbons of electric charge,” said
Abbamonte. “Significantly, we also found that

the magnetic regions have insulating properties.
Therefore, the material as a whole is neither a
metal nor an insulator, since it retains characteris-
tics of both.”

These findings are the result of work performed at
NSLS beamline X1B, where the scientists studied
LBCO using an x-ray technique called “resonant
soft x-ray scattering.” They aimed a beam of x-rays
at an LBCO sample and used a detector to mea-
sure how the x-rays reflected away from the mate-
rial. They then analyzed these reflections to reveal
information about LBCQO'’s electronic structure.

The results of this study are important because
they support the theory that stripes are in some
way related to superconductivity in high-tempera-
ture superconductors.

“Our results seem to support the stripe description
of high-temperature superconductors. This is excit-
ing, since it could mean that the scientific commu-
nity may be very close to truly understanding how
these materials perform,” said Abbamonte.

The research was published in the December 2005
edition of Nature Physics. The paper’s co-au-
thors are Andrivo Rusydi (University of Hamburg),
Serban Smadici (BNL/University of Illinois), Genda
Gu (BNL), George Sawatzky (University of British
Columbia and University of Groningen), and D.L.
Feng (Fudan University). The work was supported
by the U.S. Department of Energy, the Dutch Sci-
ence Foundation, and the Netherlands Organiza-
tion for Fundamental Research on Matter.

For more information, see: P. Abbamonte, A. Rusy-
di, S. Smadici, G. Gu, G. Sawatzky, and D. Feng,
"Spatially Modulated ‘Mottness’ in La, Ba CuO,,"
Nat. Phys., 1, 155-158 (2005).

— Laura Mgrdichian



AT THE NSLS, SCIENTISTS WORKING TOWARD BETTER BATTERIES

As more and more people rely on cell phones,
laptop computers, personal organizers, and even
hybrid electric-gas vehicles, scientists are work-
ing to develop rechargeable batteries that are ever
smaller, cheaper, lighter, safer, and longer-last-
ing. At the NSLS, a collaboration of scientists is
deeply involved in this effort. They are investigat-
ing a group of promising new materials for use

in lithium-ion batteries, the most common type of
battery found in portable electronics and the most
promising type for hybrid cars.

Lithium-ion batteries work by shuttling positively
charged lithium ions between the “cathode” (the
battery’s positive terminal) and “anode” (the nega-
tive terminal). As the battery is charged, lithium
ions are forced out of the cathode and moved into
to the anode through the “electrolyte,” the solution
inside the battery. When the battery is in use, the
process reverses. The scientists are studying a
group of new cathode compounds consisting of the
elements lithium, cobalt, nickel, manganese, and
oxygen.

Authors (from left) Daniel Fischer, Won-Sub Yoon, James
McBreen, and Xiao-Qing Yang

“Despite the wide use of lithium-ion batteries,
there have been very few studies on exactly

how the cathode material behaves in the charg-
ing process,” said the study’s lead researcher,
Brookhaven chemist Won-Sub Yoon. “How are the
oxygen atoms involved? What is the relationship
between the oxygen atoms and the other metal at-
oms in the compound? To design a better cathode
material, and thus a better battery, these questions
must be answered. An in-depth understanding of
these problems will provide a road map for the
development of these new materials.”

Using various x-ray techniques, Yoon and his col-
leagues have done just that. They discovered that
as lithium ions leave the cathode material during

the charging process, changes occur on the man-
ganese and cobalt atoms that are quite different
from those that occur on the nickel atoms. Specifi-
cally, the manganese and cobalt atoms do not lose
electrons as the lithium ions are removed, while
the nickel atoms, in contrast, do lose electrons.
The group also learned more about how the cath-
ode material compensates for the positive charge it
loses as the lithium ions move to the anode. They
found that empty regions with positive charge,
called “holes,” are created in the cathode. In addi-
tion, their x-ray data show just where these holes
are located: within the electron orbitals of oxygen
atoms that are bound to cobalt atoms.

Gathering these details on the cathode’s electronic
behavior is an important step in lithium-ion bat-
tery research. This new knowledge will help the
material become a common component of a new
series of better lithium-ion batteries. More detailed
information on this research can be found in the
group’s scientific paper, which was published in the
December 14, 2005 edition of the Journal of the
American Chemical Society.

The other scientists involved in this research are
Kyung Yoon Chung, Xiao-Qing Yang, and James
McBreen (BNL Chemistry Department); Mahalin-
gam Balasubramanian (Argonne National Labora-
tory); Clare Grey (Stony Brook University); and
Daniel Fischer (National Institute of Standards and
Technology).

For more information, see: W. Yoon, M. Balasubra-
manian, K. Chung, X. Yang, J. McBreen, C. Grey,
and D. Fischer, "Investigation of the Charge Com-
pensation Mechanism on the Electrochemically
Li-lon Deintercalated Li, ,Co,,;Ni,;Mn,,;0, Electrode
System by Combination of Soft and Hard X-ray
Absorption Spectroscopy,” J. Am. Chem. Soc.. 127,
17479-17487 (2005).

— Laura Mgrdichian
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STRUCTURE OF A MOLECULAR=SCALE CIRCUIT COMPONENT

Brookhaven National Laboratory researchers

have determined the structure of an experimental,
organic compound-based circuit component, called
a “molecular electronic junction,” that is only a few
nanometers in dimension. This study may help sci-
entists understand how the structure of molecular
junctions relates to their performance and function
and, in the longer term, may help incorporate these
and other molecular-scale devices into a new
generation of remarkably small electronics-based
technologies.

The research is discussed in the February 21,
2006 edition of the Proceedings of the National
Academy of Sciences.

Authors (from left) Julian Baumert and Michael Lefenfeld

“Molecular electronics is a very exciting developing
field, since these extremely small circuits, based
on organic molecules rather than metal, have a
potentially greater circuit density than conven-
tional silicon-based technology. This means that
more circuits could fit on one circuit board, leading
to electronic devices that are much smaller than
those currently produced,” said one of the study’s
lead scientists, Brookhaven physicist Julian Bau-
mert. “We’re interested in the structure of the junc-
tion — how the molecules are oriented and packed
together — because it is linked to the function and
performance of the circuit.”

In conventional circuits, junctions are commonly
made of two different types of silicon that, when
layered together, allow electric current to flow in
one direction only. Here, the junction under study
consists of two very thin layers of two different or-
ganic compounds — “alkyl-thiol” and “alkyl-silane.”
They are sandwiched on one side by a layer of
solid silicon and on the other side by a layer of lig-
uid mercury, which serve as electrodes. Alkyl-thiol
and alkyl-silane molecules have simple structures
and the potential to be good insulating materials.

The scientists created the junctions by filling a
small container with a drop of liquid mercury and
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depositing a very small amount of alkyl-thiol onto
the mercury surface. They then topped the alkyl-
thiol layer with an alkyl-silane-coated silicon wafer.
This method yielded a junction with just a five-
nanometer-thick gap between the two electrodes.

“This technique is not limited to simple alkane mol-
ecules,” said Columbia University graduate student
Michael Lefenfeld, the study’s second lead scien-
tist. “Many other types of organic molecules could
be used, such as semi-conducting and conducting
molecules. These materials also have a structure
and packing density that plays a large role in their
electrical performance.”

The research group studied the junction by aim-
ing high-energy x-rays — energetic enough to
penetrate the silicon wafer — at the junction from
several incident angles and measured how the rays
scattered off the organic molecules. Next, they at-
tached electric contacts to the silicon and mercury
electrodes and, for several different applied volt-
ages, measured both the reflected x-ray signal and
the electric current through the junction.

By analyzing the x-ray scattering data, the re-
searchers discovered that the organic molecules
are densely packed together, with most of the
molecules positioned vertically. Further, the com-
bination of the electric-current and x-ray measure-
ments revealed that the current does not deform
that structure, even when the applied voltage was
very high. This implies that the molecular structure
is quite stable.

“These are important details to know in order to
fully understand the electronic properties of mo-
lecular-scale junctions,” said Brookhaven physicist
Benjamin Ocko, one of the paper’s senior authors.
“These investigation methods should be able to
provide us with a better understanding of many
other molecular junctions.”

This research was supported by the Office of Basic
Energy Sciences within the U.S. Department of
Energy’s Office of Science, the National Science
Foundation, the New York State Office of Science,
Technology, and Academic Research, and the Ger-
man-Israeli Foundation.

For more information, see: M. Lefenfeld, J. Bau-
mert, E. Sloutskin, I. Kuzmenko, P. Pershan, M.
Deutsch, C. Nuckolls, and B. Ocko, "Direct Struc-
tural Observation of a Molecular Junction by High-
Energy X-ray Reflectometry,” Proc. Natl. Acad. Sci.
USA, 103, 2541-2545 (2006).

— Laura Mgrdichian



NANOPARTICLE ASSEMBLY ENTERS THE FAST LANE

The speed of nanoparticle assembly can be ac-
celerated with the assistance of the molecule that
carries life’s genetic instructions, DNA, a team

of researchers at Brookhaven National Labora-
tory recently found. Nanoparticles, particles with
dimensions on the order of billionths of a meter,
could potentially be used for more efficient energy
generation and data storage, as well as improved
methods for diagnosing and treating disease.
Learning how to control and tailor the assembly of
these miniscule particles into larger functional sys-
tems remains a major challenge for scientists. The
Brookhaven results, published in the November 1,
2006 edition of the Journal of the American Chemi-
cal Society, are a step in that direction.

Authors standing (from left) Oleg Gang and Daniel van
der Lelie sitting, (from left) Mathew Maye and Dmytro
Nykypanchuk

“Understanding how to self-assemble these types
of nanomaterials has applications in all areas

of nanotechnology, from optics to electronics to
magnetic materials,” said the study’s lead author
Mathew Maye, a Brookhaven chemist. Maye is
part of a team of interdisciplinary scientists from
Brookhaven’s new Center for Functional Nano-
materials (CFN) and the biology department. The
researchers found a way to control the assembly
of gold nanoparticles using rigid, double-stranded
DNA. Their technique takes advantage of this
molecule’s natural tendency to pair up components
called bases, known by the code letters A, T, G
and C.

“In biology, DNA is mainly an informational mate-
rial, while in nanoscience, DNA is an excellent
structural material due to its natural ability to
self-assemble according to well-specified program-
mable rules,” said Oleg Gang, the Brookhaven
physicist who leads the research team. “Using bio-
logical materials such as DNA, we are developing
approaches to control the assembly of inorganic
nano-objects. However, in order to really turn this
attractive approach into nanotechnology, we have
to understand the complexity of interaction in such
hybrid systems.”

The synthetic DNA used in the laboratory is capped
onto individual gold nanoparticles and custom-
ized to recognize and bind to complementary DNA
located on other particles. This process forms
clusters, or aggregates, of gold particles.

“It’s really by design,” Maye said. “We can sit down
with a piece of paper, write out a DNA sequence,
and control how these nanoparticles will assem-
ble.”

One limitation to the assembly process is the use
of single-stranded DNA, which can bend backward
and attach to the particle’s gold surface instead of
binding with surrounding nanoparticles. This flex-
ibility, along with the existence of multiple forms of
single-stranded DNA, can greatly slow the assem-
bly process. In the Brookhaven study, researchers
introduced partially rigid, double-stranded DNA,
which forces interacting linker segments of DNA
to extend away from the gold surface, allowing for
more efficient assembly.

“By using properties of DNA, we can increase
assembly kinetics, or speed, by relatively simple
means without a lot of synthetic steps,” Maye said.

The research team probed the synthesized and
assembled nanosystems with multiple imaging
techniques, using beams of light and electrons
as well as high-intensity x-rays at Brookhaven’s
National Synchrotron Light Source. The scientists
look to further improve the controllability of the
system, focusing next on the size of the nanopar-
ticle clusters.

This research was funded by the Office of Basic
Energy Sciences within the U.S. Department

of Energy’s Office of Science. The CFN at
Brookhaven Lab is one of five Nanoscale Science
Research Centers being constructed at national
laboratories by the DOE’s Office of Science to
provide the nation with resources unmatched any-
where else in the world for synthesis, processing,
fabrication, and analysis at the nanoscale.

For more information, see: M. Maye, D. Nykypan-
chuk, D. van der Lelie, and O. Gang, "A Simple
Method for Kinetic Control of DNA-Induced
Nanoparticle Assembly," J. Am. Chem. Soc., 128,
14020-14021 (2006).

— Kendra Snyder
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VISUALIZING THE IMMUNE SYSTEM'S MISSING LINK

Protecting us from diseases and infections, the
immune system is traditionally divided into two
parts: innate immunity, a nonspecific response to
pathogens that cause disease; and adaptive im-
munity, which can specifically recognize a patho-
gen and to mount stronger attacks each time it is
encountered. Some invertebrates only have innate
immunity, which, at about one billion years old, is
the more primitive of the two subsystems. It wasn’t

Authors (from left) José Hernandez Prada and David Ostrov

until many years later that adaptive immunity ap-
peared along with innate immunity in jawed verte-
brates. While much is known about the evolution of
the immune system to the current two-part system
found in lizards, humans, cats, and countless other

Non-canonical interactions in the core of VCBP3 V1 solved
by MAD and refined to 1.15 A. The side chain of Trp46 and
the intrachain disulfide bond (Cys27-Cys110) are shown in
the core of VCBP3 V1 (yellow for carbon, orange for sulfur,
blue for nitrogen). Non-canonical interactions mediated by
p electrons and H atoms apparent in the Fo-Fc electron
density are shown at the 3s level (red), 2s level (white) and
superimposed onto the final model (yellow for carbon, green
for sulfur, blue for nitrogen, red for oxygen atoms). 2Fo-

Fc electron density calculated from phases to 1.15 A was
contoured at the 2s level (colored in blue/green).
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organisms, details of its origin remain unknown.
At the NSLS, a team of researchers looked for this
missing link and unveiled valuable information that
could be used in the medical community.

“In order to find something that represents the
transition between the innate and adaptive immune
systems, we needed to study an organism that was
just below the level of jawed vertebrates on the
evolutionary scale,” said researcher David Ostrov,
from the University of Florida College of Medicine.

The organism chosen was amphioxus, a small,
jawless, invertebrate marine animal. The research-
ers focused on specific amphioxus V-type immuno-
globulin domains, which are proteins used by the
immune system to identify and neutralize foreign
objects. Also used in antibodies, these V-type
domains were studied on the structural level using
x-ray crystallography at beamline X6A.

“We tried to answer the question, ‘Does this pro-
tein resemble the types of proteins we use in our
immune systems?’ Ostrov said. “And the answer

is clearly ‘yes.” Even though the primitive immune
response protein and the one seen in humans have
very different sequences, at the structural level
they’re almost identical.”

During their research, which was published in the
August 2006 edition of Nature Immunology, the
scientists ended up with something much more
revealing than a simple answer. Using the multi-
wavelength anomalous dispersion method (MAD),
the researchers solved the structure of the immu-
noglobulin protein down to atomic resolution — the
first V-type immunoglobulin structure ever solved
to that level. “We could see structural details at
the core of the domain that no one has ever seen,”
Ostrov said.

Learning the intricate details of this protein could
allow scientists to generate more stable immune
response proteins that might improve the treatment
of cancers and immune diseases. “The problems
with using antibodies as they exist is that they are
susceptible to degradation,” Ostrov said. “If we
could learn how to stabilize antibodies, they could
last longer in the bloodstream and be more useful
clinically.”

Other researchers involved in the study include
José Hernandez Prada, University of Florida Col-
lege of Medicine; Robert Haire, University of South
Florida College of Medicine; Marc Allaire, Jean Ja-
koncic, and Vivian Stojanoff, NSLS; John Cannon,
University of South Florida College of Medicine
and H. Lee Moffitt Cancer Center and Research
Institute; and Gary Litman, University of Florida



Crystal structure of VCBP3 V1V2 solved by SAD and
refined to 1.85 A. (a,b) Secondary structure is shown
(Gold; B-strands, gray; loop regions, red; helices). The G
strand and FG loop encoded by a joining gene segment-like
element is shown in cyan. The loops corresponding to CDR
regions in T-cell receptor and Ig: BC loop, CDR1; C'C”,
CDR2; FG, CDR3.

College of Medicine, University of South Florida
College of Medicine and All Children’s Hospital.
This research was funded by the National Insti-
tutes of Health, the Cure Autism Now Foundation,
and the U.S. Department of Energy.

For more information, see: J. Prada, R. Haire, M.
Allaire, J. Jakoncic, V. Stojanoff, J. Cannon, G. Lit-
man, and D. Ostrov, "Ancient Evolutionary Origin
of Diversified Variable Regions Demonstrated by
Crystal Structures of an Immune-Type Receptor in
Amphioxus," Nat. Immunol., 7, 875-882 (2006).

— Kendra Snyder
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LIQUID ALLOY SHOWS SOLID=-LIKE CRYSTAL STRUCTURE AT SURFACE

Argonne National Laboratory issued the following
press release describing research on the surface
structure of a silicon and gold molten alloy. This
research was conducted in part at beamline X22B
of the National Synchrotron Light Source at DOE’s
Brookhaven National Laboratory by physicist
Benjamin Ocko. Atoms are arranged randomly
within the bulk of a liquid metal, but they form into
discreet layers at the surface. This phenomenon,
known as surface layering, was first discovered
for mercury and gallium at Brookhaven in 1995.
Continued research on the structure of liquid alloys
is important for the metals industry and could lead
to emerging nanotechnologies. The gold-silicon
interconnect junction, for example, is one of the
most common connections used in cell phones,
computers and other devices.

A substance used in nanotechnology contains un-
usual structures at its surface, a team of research-
ers led by Oleg Shpyrko, Distinguished Postdoc-
toral Fellow at the U.S. Department of Energy’s
Argonne National Laboratory have learned. The
research results, developed at the Center for
Nanoscale Materials at Argonne, were published in
the July 7, 2006 issue of Science.

The substance in question is a gold-silicon eutectic
alloy, 82 percent gold and 18 percent silicon. The
term eutectic means that the combination melts

at a temperature lower than that of the melting
temperature of either of its components. For most
eutectic alloys, the difference between the melting
point of the alloy and those of its pure components
is about 100 °C; the gold-silicon eutectic alloy
melts about 1,000 °C lower than either of its
components, at 360 °C (680 °F).

This image represents periodically ordered gold (yellow)
and silicon (blue) atoms within the surface-frozen
monolayer of liquid gold-silicon eutectic alloy. Research on
this surface was conducted at both Brookhaven National
Laboratory and Argonne National Laboratory.
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But that’s not the only unusual thing about the
gold-silicon eutectic alloy. In a crystalline solid,
atoms are arranged in an orderly, periodic fashion,
and in a liquid, arrangements of atoms are dis-
ordered. It’s been known for about 10 years that
many metallic liquids show two or three distinct
atomic layers near the surface, and usually there
is no crystalline-like order within these layers.
However, Shpyrko and his colleagues found that
the gold-silicon eutectic alloy has seven or eight
layers near its surface. In trying to understand this
unexpected development, they found also that the
top-most surface layer includes a crystal-like struc-
ture, similar to that normally found only in solid
substances.

Understanding characteristics of novel surface
phases like this surface-frozen monolayer is im-
portant for the growing realm of nanotechnology, in
which the basic unit of measurement is a billionth
of a meter.

“By the time you reduce the size of an object or de-
vice down to one nanometer, practically everything
is surfaces and interfaces,” Shpyrko said. “We
need to understand what the new laws of physics
and chemistry that govern the surface structures
are.” Gold and silicon are especially important to
understand because they are used in computer
technology. Gold is an oxide-resistant “noble”
metal that is easily shaped into tiny computer chip
interconnects, and silicon is the principal compo-
nent of most semiconductor devices.

“If you think about it, you have gold and silicon in
contact with each other in about every electronic
device,” Shpyrko said.

Shpyrko began the research as a doctoral student
at Harvard University and finished it at Argonne.
He used Argonne’s Advanced Photon Source,
which provides the most brilliant x-ray beams avail-
able in the Western Hemisphere, to perform sever-
al tests on the material: x-ray specular reflectivity,
which provides information about atomic structure
normal to the surface; x-ray grazing incidence dif-
fraction, which provides information about in-plane
structure; x-ray diffuse scattering, which provides
information about waves and other dynamics at
the surface; and x-ray crystal truncation rod, which
measures thickness and structure of the crystalline
surface layer.

Co-authors on the Science article were Reinhard
Streitel, Venkatachalapathy S.K. Balagurusamy,
Alexei Y. Grigoriev, and Peter S. Pershan of
Harvard University; Moshe Deutsch of Bar-llan Uni-
versity in Israel; Benjamin M. Ocko of Brookhaven



National Laboratory; and Mati Meron and Binhua
Lin of the University of Chicago.

This work was supported by the Department of
Energy, through the Office of Science's Office of
Basic Energy Sciences, and by the U.S.-Israel Bi-
national Science Foundation, Jerusalem. Measure-
ments at Brookhaven were also supported by the
Office of Basic Energy Sciences.

For more information, see: O.G. Shpyrko, R.
Streitel, V.S.K. Balagurusamy, A.Y. Grigoriev, M.
Deutsch, B.M. Ocko, M. Meron, B. Lin, and P.S.
Pershan, "Surface Crystallization in a Liquid AuSi
Alloy," Science, 313, 77-80 (2006).

— Eva Sylwester, Argonne National Laboratory
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BREAKING THE BOUNDS OF PLASTICITY

In order to understand the planet we live on,

it’s crucial to understand the properties of the
liquid- and plastic-like minerals flowing beneath
the Earth’s crust. The study of the deformation
and flow of these minerals, along with many other
natural and manmade materials, is known as rhe-
ology. Many of Earth’s surface features, such as
mountain belts, subduction zones, hot spots and
seismic zones, are significantly affected by mantle
rheology. To study these minerals, scientists mimic
mantle conditions with high-pressure, laboratory-
based experiments and modeling theories. But

at the NSLS, a team from Stony Brook University
found that a commonly used model in previous
studies might be inaccurate.

The conventional method of modeling stress and
strain propagation in materials uses two extreme
bounds, called Reuss and Voigt bounds. The
Reuss bound describes a condition where all the
grains in a sample experience identical stress
when forces are applied to the material. The Voigt

Elasticity ====3

Plasticity

The research group experimentally determined that the
stress propagation parameter went beyond the classic
Reuss (isostress) bound at larger strains.

bound describes a condition where all the grains
experience the same strain when the sample is
deformed under stress. Intermediate conditions
are described by combining the bounds to achieve
a weight parameter between 0 and 1, with 0 rep-
resenting the Voigt bound and 1 representing the
Reuss bound.

Using a new technology at beamline X17B2, the
Stony Brook team found that this parameter can
actually exceed 1, the Reuss bound. This event
occurs when a sample is pushed beyond its normal
elastic state. Typically, when a force is applied and
removed from a sample, the material will bounce
back to its initial form. But if the force is greatly
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increased, the material will undergo an unrecov-
erable change, a characteristic known as plastic
deformation. It’s in this situation that the classic
Reuss and Voigt model fails. “For the first time,

we can quantitatively recognize that this param-
eter under plastic deformation can go beyond the
boundary,” said researcher Jiuhua Chen. “That
means that this classic elastic model can no longer
be applied in this situation.”

The finding wouldn’t have been possible without
the development of a new type of x-ray diffraction
experiment, Chen said. Traditionally, scientists
have used one detector at a fixed angle to study
materials under high pressure. But with the help of
NSLS scientists Zhong Zhong and Chi-Chang Kao,
the team developed a simultaneous multi-diffrac-
tion detection system that can detect x-ray dif-
fraction along and normal to the applied principal
stress.

“These techniques have offered means to reveal
the information of material properties that was not
obtainable before and have also enabled many
reformations of traditional experiments,” Chen
said. “This technical development will really enable
us to study the rheological properties of Earth’s
materials at a much higher pressure than before.
And now we can explore the mantle at even deeper
levels.”

Other scientists involved in this study, which was
published in the June 28, 2006 edition of the
Journal of Physics: Condensed Matter, include Li
Li, Tony Yu, Hongbo Long, Donald Weidner, Liping
Wang, and Michael Vaughan, all from Stony Brook
University. Funding was provided by the Consor-
tium for Materials Properties Research in Earth
Sciences and the National Science Foundation.

For more information, see: J. Chen, L. Li, T. Yu,
H. Long, D. Weidner, L. Wang, and M. Vaughan,
"Do Reuss and Voigt Bounds Really Bound in
High-Pressure Rheology Experiments?" J. Phys.
Condens. Mat., 18, S1049-1059 (2006).

— Kendra Snyder



X=RAY ANALYSIS METHOD CRACKS THE 'LIPID PHASE PROBLEM'

Water-repellent lipids, such as fats and waxes,

are a major class of molecules that form cell
membranes and store energy, among other key
functions. However, although these long chain
molecules tend to form ordered crystal structures
suitable for a common structural analysis method
— x-ray diffraction — determining exactly how they
pack together is difficult. This is due to a glitch in
the diffraction method: the “phase problem.”

The phase problem exists because the diffrac-
tion pattern produced by the x-rays can only take
into account the intensity of the x-rays used, not
their phase (the particular position in time of the
x-ray light waves). This limits the quality of the
structural data that can be obtained. But recently
at the NSLS, a research group learned how to use
a common crystallographic method, called multi-
wavelength anomalous dispersion (MAD), to deter-
mine the phases of diffraction from lipid structures.
This important work may help elucidate many
biological processes that involve lipids, particularly
cell-to-cell fusion.

“Knowing just how lipid chains pack together is

of considerable importance in biology,” said the
study’s lead scientist, biophysicist Huey Huang

of Rice University. “But the details of small-scale
shape changes in these lipid structures are not
well understood. We think that our work can help
remedy this problem.”

Normally, how a molecular structure diffracts
x-rays does not depend on the x-ray wavelength
or energy. But this is not true when the structure
contains atoms that have an absorption edge — a
particular energy for which the x-rays are strongly
absorbed — near the energy of the incident x-rays.
These are called “anomalous” atoms. The MAD
method makes use of this energy dependence to
single out the contribution of the anomalous atoms
in the overall diffraction behavior. This greatly
simplifies the original phase problem. And once

A three-dimensional view of the electron density distribution
of bromine atoms in the hexagonal array of lipid cylinders.

the phase problem is solved, the structure of the
crystal can then be determined. MAD is routinely
used to study protein structures, but, according to
Huang and his group, this is the first time it has
been used to solve a lipid crystal structure.

One difference between lipids and proteins is that
lipid samples take the form of thin films deposited
on a substrate, such as a silicon wafer. These
thin-film samples often do not have a uniform
thicknesses, a technical problem that makes the
standard method of MAD analysis difficult. Huang
and his group developed a new way to analyze the
thin film samples.

The lipid molecules they investigated are members
of a lipid sub-class called phospholipids, which
are a major component of cell membranes. The
particular phospholipids used here were “labeled”
with a bromine atom. Together, the molecules pack
together such that they form cylinders arranged in
a hexagonal array.

The Huang group’s analysis shows that the lipid
chains pack together uniformly with each chain
occupying the same volume, rather than one or two
chains taking up more or less space than the oth-
ers. Lipid chain volume has been assumed to be
constant under configuration changes, but this is
the first direct experimental proof.

The group is hoping, in particular, to shed light

on “membrane fusion,” one step in the process by
which two cells join to become a single cell. The
membranes meet at one location and create a con-
nection between the cells, allowing the exchange
of molecules (this, for example, is how fertiliza-
tion and viral infection can occur). Eventually, the
membranes merge to create one larger membrane
enveloping the contents of both cells. During all
of this, the lipid layers in each membrane undergo
a series of structural changes. Now, thanks to the
work of Huang and his colleagues, scientists may
be able to identify those changes to better under-
stand membrane fusion.

This research was published in the March 22, 2006
edition of the Journal of the American Chemical
Society. It was funded by the National Institutes of
Health and the Robert A. Welch Foundation.

For more information, see: D. Pan, W. Wang, W.
Liu, L. Yang, and H. Huang, "Chain Packing in the
Inverted Hexagonal Phase of Phospholipids: A
Study by X-ray Anomalous Diffraction on Bromine-
Labeled Chains," J. Am. Chem. Soc., 128, 3800-
3807 (2006).

— Laura Mgrdichian
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SCIENTISTS TAKE 'SNAPSHOTS' OF ENZYME ACTION

Scientists at Brookhaven National Laboratory,

the New York Structural Biology Center, and SGX
Pharmaceuticals, Inc., have determined the atomic
crystal structure and functional mechanism of an
enzyme essential for eliminating unwanted, non-
nutritional compounds such as drugs, industrial
chemicals, and toxic compounds from the body.
The detailed mechanism of action will help scien-
tists understand how these compounds are elimi-
nated and what goes wrong in cases where normal
metabolism fails. The research was published in
the June 27, 2006 edition of the Proceedings of the
National Academy of Sciences.

According to Brookhaven
biologists Eswaramoor-
thy Subramaniam, the
lead author, and Subra-
manyam Swaminathan,
who led the research,
most non-nutritional,
foreign substances such
as drugs and industrial
chemicals are insoluble
in water. The body uses
two main groups of
enzymes — flavin-con-
taining monooxygenases
(FMOs) and cytochrome P450s — to convert these
compounds to soluble forms that can be easily
excreted.

S. Swaminathan

“For FMOs, the end result — that an oxygen atom
gets added to make these compounds soluble — is
simple,” Swaminathan says, “but the reactions

require additional participants, or cofactors.” In
order to understand the molecular mechanism, the
scientists used high-intensity x-ray beams at the
NSLS to identify the positions of individual atoms
and produce crystal structures of the enzyme, the
enzyme plus its cofactor, and the enzyme plus the
cofactor plus the compound to be oxidized (the
substrate).

“These crystal structures give step-by-step snap-
shots of different stages of the catalytic action,”
Swaminathan says, “and reveal a mechanism that
is different from what had been known about this
process.”

Previously, it had been believed that all the
“players” — the enzyme, cofactor and substrate

— came together at a particular time to perform the
function of transferring an oxygen atom from the
enzyme to the substrate. “Our finding shows that
the substrate and cofactor are binding to the en-
zyme alternately, not together,” Swaminathan says.

First, the cofactor (known as NADPH) binds to a
molecule known as FAD, which is a coenzyme at-
tached to the FMO, and transfers a hydride ion to
it. That makes the FAD group capable of accept-
ing molecular oxygen. Then, when the substrate
arrives, the cofactor leaves so that the substrate
can bind to the same site on the FAD group. At this
moment an oxygen atom from molecular oxygen

is attached to the substrate, and the hydride ion
obtained from the cofactor combines with the other
oxygen atom to form a water molecule, which is re-
leased. Once the substrate is oxygenated, it leaves

Figure 1

Figure 2

Figure 3

Snapshots of catalytic mechanism of FMO: The three stages in the mechanism of action of FMO are depicted here. The
ribbon diagram represents the protein consisting of two domains with a long loop in the interface. The big and small domains
are shown in red and purple with the interface in golden color. Figure 1 represents the first stage with the coenzyme FAD
(shown as a ball and stick model in green) bound to the enzyme. In the second stage (Figure 2), the cofactor NADPH (shown
as a ball and stick model in cyan) approaches the enzyme and interacts with the coenzyme. In the third stage (Figure 3), the
substrate (shown as a ball and stick model in cyan) displaces the cofactor and binds in the same place to get oxygenated. The
molecular oxygen (shown as a dumbbell in red) is required for oxygenation of the substrate.
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the enzyme and the cofactor binds again.

“With this back-and-forth, alternating binding, the
process repeats over and over for continuous turn-
over of the product,” Swaminathan says.

The details of this process may help scientists
understand what happens in cases where com-
pounds are not properly metabolized, and possibly
develop corrective measures. One example is a
condition called trimethylaminuria, also known as
“fish odor syndrome,” which results from defective
FMOs. Affected individuals are unable to oxygen-
ate trimethylamine, a byproduct of protein diges-
tion released by bacteria living in the gut. People
with the disorder release trimethylamine through
breath, sweat, and urine, producing a fish-like odor
that can be embarrassing and result in psychologi-
cal effects such as withdrawal and depression.

People with defective FMOs might also suffer ad-
ditional side effects from drugs, industrial com-
pounds, or other chemicals.

This research was funded by the National Insti-
tutes of Health and was conducted at the National
Synchrotron Light Source, supported by the Office
of Basic Energy Sciences within the U.S. Depart-
ment of Energy’s Office of Science.

For more information, see: S. Eswaramoorthy, J.
Bonanno, S. Burley, and S. Swaminathan, "Mecha-
nism of Action of a Flavin-Containing Monooxygen-
ase," Proc. Natl. Acad. Sci. USA, 103, 9832-9837
(2006).

— Karen McNulty Walsh
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CHARACTERIZING THE SURFACES OF CARBON NANO-
TUBE FUEL CELL CATALYSTS

R.V. Hull', L. Li?, Y. Xing?, and C.C. Chusuei’

"Department of Chemistry and 2Department of Chemical and Biological Engineering, University
of Missouri-Rolla

Characterizing the surface structure of catalyst materials is important
for the improvement of current fuel cell technology, which promises to
deliver an environmentally benign means of energy production. Using
x-rays produced at the National Synchrotron Light Source (NSLS),
researchers at the University of Missouri-Rolla (UMR) were able to
detect the presence of PtO, at the outer-most perimeters of a potential

Board; UMR Intelligent Systems

f
Center nantly metallic.

Charles C. Chusuei
Chemistry Department
University of Missouri-Rolla
chusuei@umr.edu

Fuel cells are devices capable of generating elec-
trical energy directly without involving a thermal
cycle that typically releases greenhouse gases,
such as CO and NO,, into the atmosphere. Today,
burning coal is still the primary and most efficient
(with regard to power density) means of electri-
cal energy production in the United States. New
information obtained from a study performed at
the NSLS may help catalyst researchers design
improved fuel cell devices that can compete with
current fossil fuel technology.

The active material on the carbon-nanotube sup-
ports consists of tiny platinum particles on the
order of a few nanometers in diameter, which are
deposited on the carbon surface. The deposition
of these particles on the nanotubes has been
found to enhance the electrocatalytic activity for
direct methanol fuel cells (DMFCs) by as much
as 48% relative to carbon black, but the underly-
ing reasons for this observation have yet to be

Charles Chusuei
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catalyst: platinum nanoparticles tethered to carbon nanotubes. At the
same time, they determined that its bulk composition was predomi-

fully described. The exact relationship between
the interfacial structure of these carbon-supported
metal nanoparticles and their subsequent chemical
activity has long mystified catalyst scientists.

Researchers from the University of Missouri-Rolla
(UMR) used x-rays at NSLS beamline X18B to
characterize the interfacial structure of platinum
particles tethered to carbon-nanotube (CNT) cata-
lyst surfaces. Graduate students Robert V. Hull
and Liang Li and professors Charles C. Chusuei
and Yangchuan Xing in the departments of Chem-
istry and Chemical and Biological Engineering at
UMR collaborated on the study. The results of the
work appear in the April 4, 2006 issue of Chem-
istry of Materials. The paper describes how the
researchers used the extended x-ray absorption
fine structure (EXAFS) technique in conjunction
with x-ray photoelectron spectroscopy (XPS)
(performed at UMR) to probe the surface and
subsurface structures of the nanoparticles. They
aimed to show evidence for the coordination of the
platinum to oxygen atoms attached to the surface
of the nanotubes (Pt-CNTs), which were function-
alized with ketone, ester, and hydroxyl groups.

XPS is sensitive to probing approximately 50-100
A deep while EXAFS is sensitive only to the first
few atomic layers of the metal particles being
probed. Comparisons of the two sets of spectra
show that both metallic and oxidized platinum
were present. It was discovered that the outer-
most structure of the particles consisted of an
oxide, PtO , while the bulk of the nanoparticles
was fully metallic. The XPS of the Pt 4f orbital
showed a binding energy of 71.4 eV, indicative of
the bulk metallic structure of the platinum nanopar-



ticles (Figure 1). The nearest-neighbor distances
for the metal nanoparticle tethered to the nano-
tubes were observed at distances of ~1.78 A

— much too short for the expected ~2.77 A dis-
tance between metallic platinum atoms (Figure 2),
which signified Pt—O at the outermost perimeter
of the clusters. This structure accompanied the in-
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Figure 1. Pt 4f core level XPS spectrum (right panel) of
nanoparticles tethered onto multiwalled carbon nanotubes;
arrow denotes evidence for Pt(ll/IV) oxidation state albeit
small in amount. Left panel shows a transmission electron
micrograph of Pt nanoparticles ~3.5 nm in diameter; the
scale bar shown corresponds to 100 nm.

creased DMFC activity observed. In addition to the
dried powder catalyst materials, experiments were
performed on the Pt-CNTs under aqueous solution
environments to simulate the working conditions
of the fuel cell, which exhibited the same surface
structure as the dry powdered form.

1 (R A2

Figure 2. Pt L, edge EXAFS Fourier Transformations of (A)
Pt-CNTs in an aqueous colloidal suspension; (B) Pt-CNTs
in dry powder-like form (solid gray line; Pt foil scan shown
as a dotted, orange spectral line); and (C) a PtO, standard.
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PLATINUM MONOLAYER ON NON-NOBLE METAL -
NOBLE METAL CORE-SHELL NANOPARTICLES ELECTRO-
CATALYSTS FOR O, REDUCTION

J. Zhang', F.H.B. Lima?, M.H. Shao', K. Sasaki', J.X. Wang', J. Hanson', and R.R.
Adzic!

"Department of Chemistry, Brookhaven National Laboratory; 20On leave from the University of
Séao Paulo, Brazil

We synthesized a new class of O, electrocatalysts for fuel cell cath-
odes. They consist of a Pt monolayer deposited on carbon-supported
nanoparticles that have non-noble-metal cores and noble-metal shells.
These nanoparticles were formed from a mixture of noble and non-
noble metals. At elevated temperatures, the noble metal moves to the
surface, while the non-noble metal remains in the core. The Pt mono-
layer was deposited onto the nanoparticles by galvanically displacing
an adsorbed Cu monolayer. The mass activity of these electrocatalysts
is more than an order of magnitude higher than that of commercial Pt/C
electrocatalysts. Strain in the Pt monolayer and the reduced coverage
of the reaction inhibitor (PtOH), revealed by x-ray absorption spectros-

copy data, are the origin of the enhanced catalytic activity.

As the interest in a “hydrogen-based economy”
grows, research on its major elements — hydro-
gen production and storage, and energy conver-
sion in fuel cells — is expanding. While fuel cells
are expected to become a major source of clean
energy, existing fuel-cell technology still has two
drawbacks: energy conversion that is lower than
the theoretical efficiency, and electrocatalysts with
a high Pt content. Both problems are connected to
the rather slow electrocatalytic O, reduction reac-
tion (ORR).

Several approaches explored in the past to ame-
liorate this disadvantage have had limited suc-
cess. We, however, have demonstrated a prom-
ising way to solve these problems. Our method
involves electrocatalysts consisting of a Pt mono-
layer supported on suitable metal nanoparticles.
These electrocatalysts have a very high activity
and an ultra-low Pt content that promises to
alleviate the above problems. Platinum is depos-

Authors (from left): Radoslav Adzic, Junliang Zhang,
Minhua Shao, and Kotaro Sasaki
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ited in a monolayer amount on the surfaces of
carbon-supported non-noble metal/noble metal
core-shell nanoparticles (Figure 1). Using non-
noble metals for the cores facilitates a further
reduction of the content of the noble metal in the
ORR electrocatalysts. In addition, by properly
selecting the noble-metal shell, the activity of the
Pt monolayer can be heightened through elec-
tronic and/or geometric effects. The choice of the
metals constituting the shell and core is based

on the segregation properties of the two metals,
as well as their electronic and strain-inducing
effects on the Pt monolayer. The nanoparticles
were synthesized by segregating the atoms of the
noble metal to the nanoparticle surface at elevated
temperatures. A Pt monolayer was then deposited
on the nanoparticles via the galvanic displacement
by Pt of an adsorbed Cu monolayer.

The noble-metal shell in the core-shell nanopar-
ticle has two roles. First, it protects the non-noble
core from contacting the acid electrolyte, i.e., it
precludes its dissolution. Second, the proper shell
can improve the catalytic properties of a Pt mono-
layer by affecting its electronic properties and/or
by inducing strain in the monolayer, which increas-
es its activity. A strong surface segregation of the
noble metal component is the key feature of these
systems. The surface segregation of Au, Pd, and
Pt and their protection of the Ni or Co core from
dissolution was verified by linear sweep voltam-
metry, underpotential deposition (UPD) of Cu, and
x-ray diffraction techniques. The activity of these
electrocatalysts, calculated as the current at 0.85
V divided by the mass of Pt, is about 20 times
above that of commercial Pt/C electrocatalysts. If
the total noble-metal mass is counted, the activity



is about four times larger. The very high activi-
ties appear to be a consequence of a strain that
appears due to a mismatch in the lattice constants
between the monolayers and these substrates, the
changes in the d-band properties of the Pt mono-
layer itself (caused by its interaction with them),
and the decreased PtOH coverage. These effects
were observed by in situ synchrotron radiation
techniques.

In conclusion, we demonstrated the synthesis of
a new class of electrocatalysts consisting of a Pt

ML of Cu
by UPD

Segregation at
elevated T

Co or Ni

1-2 ML of Au, Pd, or Pt

Cu ML

monolayer deposited on non-noble metal/noble
metal core-shell nanoparticles. We showed that it
is possible to devise ORR electrocatalysts, with
activity surpassing that of state-of-the-art carbon-
supported Pt electrocatalysts, that contain only a
fractional amount of Pt and a very small amount
of another noble metal. Consequently, the cost of
fuel cells could be lowered considerably. Further
work on these systems will address the question
of their long-term stability.

Cu displaced

by Pt

Pt ML, or mixed
Pt-M ML

Figure 1. Model for the synthesis of Pt monolayer catalysts on non-noble metal-noble

metal core-shell nanoparticles.
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REDUCTIVE COUPLING OF CARBON MONOXIDE
MOLECULES OVER OXYGEN DEFECTED UO, (111)
SINGLE CRYSTAL AND THIN FILM SURFACES
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"Department of Chemistry, The University of Auckland, New Zealand; 2Department of Physics
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Coupling reactions of chemical compounds have a unique place in
chemistry because they represent a key step in building complex mol-
ecules from simple ones. Solid catalysts are often used to accelerate
the reaction rate by stabilizing the reaction intermediate, and can thus
enhance or initiate a reaction that often could not be conducted in their
absence. Among the most challenging coupling reactions is the selec-
tive coupling of two carbon monoxide molecules to C, compounds.

This rare reaction, which has been previously observed in organome-
tallic chemistry (solution chemistry), was successfully conducted on
oxygen-defected uranium dioxide single crystal and thin-film surfaces.

The oxidation/reduction reactions over the O-defected surfaces were

studied using high-resolution x-ray photoelectron spectroscopy. This
method revealed the reaction pathway.

The surface reaction of the oxide of actinides,
such as uranium oxides, is one of the least stud-
ied, yet one of the most fascinating. Our interest
in this surface reaction started a decade ago. The
reaction represents one of the most challenging
systems among all chemical reactions of solids.
The f-orbitals of the actinide elements, because
they differ in symmetry from the d-orbitals, can
adsorb a reactant in a unique configuration and
thus may orient to different chemical pathways not
seen on the surfaces of early transition metals. In
addition, relativistic effects, due to the large size
of the nucleus, result in a wide range of oxida-
tion states of metal cations,
making them very active but
also unstable. The observa-
tion of this reaction on a
solid surface has allowed the
use of x-ray photoelectron
spectroscopy (XPS) (Figure
1). However, conventional
XPS was not adequate to
carry out accurate qualitative
and quantitative investiga-
tions because of inevitable
oxidations, over time, of

the surface U atoms during
data collection. By using the
high-intensity, high-resolu-
tion (HR), and fast acquisi-
tion time available on NSLS
beamline U12A, it was pos-
sible to study the mechanism
of this reaction and outline
quantitatively the changes

in surface oxidation states
before and after the reaction.

Authors (top) Hicham
Idriss and Sanjaya
Senanayake
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Figure 2 shows the HRXPS spectra of the U4f
and O1s lines of the clean oxygen-defected UO,
thin-film surface, as well as the same surface upon
exposure to carbon monoxide. The main lines at
380 and 391 eV are due to U4f, , ,, of U** while the
shoulder at the low binding energy side of the
U4f,, is exclusively due to U cations in lower
oxidation states than +4 (a detailed study of this
region has been conducted in a separate work).
Upon adsorption of carbon monoxide (b) the
intensity of this shoulder decreases and becomes
negligible at surface saturation (c and d). This is
because CO has donated its oxygen atom to sur-
face defects. A similar observation is seen in the
O1s region. Detailed analysis of the C1s region
has shown that the dissociation is not total. Paral-
lel work has shown the formation of acetylene and
ethylene as the end product at 550 K and above.

The above three observations — oxidation upon
adsorption, partial dissociation at room tempera-
ture, and desorption of C, compounds at high
temperature — can be explained in Scheme 1.

In Scheme 1, the n?-n?-bis-formyl species is pro-
posed to be formed on a U surface; this could only
be accommodated because of the particular sym-
metry of the fxy? orbitals. The bis-formyl species
react at room temperature to give the pinacolates;
this in turn gives C,H,/C,H, at high temperatures.

Although the above reaction is not catalytic, its
observation may open the routes for the design of
new catalytic materials using uranium oxides or
oxides of similar properties.



O1s

(3-fold CN)

O 3 fayer
(4-fold CN)

12LCO
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Figure 1. Ball model of the UO,(111) surface showing Figure 2. HRXPS U4f and O1s lines of Ar-ion sputtered
the hexagonal arrangement of U and O atoms and lattice UQ, thin film before (a) and after (b, ¢, and d) reacting with
parameters. Red balls are U atoms and yellow balls are O CO at the indicated exposures in Langmuir (L = 10 torr s).

atoms (A: top view, B: side view). C: Low Energy Electron
Diffraction (LEED) of the UO,(111) surface showing the
extended order (131 eV). The surface is entirely composed
of oxygen atoms. Their partial removal makes the U

atoms (initially in the second layer) highly reactive for both
reduction and coupling reactions.
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Sulfur K-edge x-ray absorption near-edge spectroscopy (XANES) and
in situ time-resolved x-ray diffraction (TR-XRD) are used to show that

the removal of sulfur (in the form of BaSO,) from Pt-BaO(x)/Al,O; (x =
wt% BaO) catalysts is strongly dependant on barium loading. Sulfated

U.S. Department of Energy

Pt-BaO(8)/Al,0,, consisting predominantly of monolayer BaO/BaCO,

species, displays more facile desulfation by H, at lower temperatures

Do Heui Kim

Institute for Interfacial Catalysis
Pacific Northwest National Lab
do.kim@pnl.gov

than sulfated Pt-BaO(20)/Al,0,, a material containing primarily par-
ticulate BaO/BaCO, species. This suggests that the initial morphology
differences between the two samples play a crucial role in determin-
ing the extent of desulfation and the temperature at which it occurs, a

result that may be important in developing more sulfur-resistant LNT

catalyst systems.

Internal combustion engines operating under lean-
burn conditions, such as diesel engines, exhibit
high fuel efficiency. Removal of harmful NO, emis-
sions from the exhaust in the presence of excess
oxygen, however, presents a great challenge to
the catalysis community because traditional three-
way catalysts are ineffective under these condi-
tions. Among the approaches being considered,
urea and hydrocarbon selective catalytic reduc-
tion (SCR), and lean-NO, traps (LNTs, aka NO_
storage/reduction (NSR) catalysts or NO, adsorb-
ers) are promising technologies. In LNT technol-
ogy, an active oxide (alkali and/or alkaline earth)
material takes up NO_under lean engine operation
conditions and stores them as nitrates. In a brief
rich cycle, these nitrates are released from the
active oxide catalyst component, and reduced to
N, on the precious metal component of the cata-
lyst.

Because even low concentrations of SO, in the
emission gradually reduces the ability of the active

Authors (from left) Ja Hun Kwak, Janos Szanyi, Do
Heui Kim, and Chuck Peden
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phase to store NO , the resistance of the material
to SO, poisoning remains a critical issue. Mean-
while, since we have shown that NO_ adsorption/
desorption chemistry is strongly dependent on the
loading of barium, an important question concerns
the variation of the desulfation chemistry as a
function of barium content in the LNT formulation.
As such, we performed a multi-spectroscopy study
to understand desulfation processes on Pt-BaO/
Al,O, LNT materials with varying barium loadings.
In particular, we investigated the desulfation be-
havior of pre-sulfated Pt-BaO(8 or 20 wt%)/Al,O,
catalysts using H, temperature programmed reac-
tion (TPRx). These two BaO loadings were chosen
because we have previously shown that the
Ba-phase morphologies are significantly different;
notably, BaO consists of a monolayer “coating”

on the alumina surface in Pt-BaO(8)/Al,0,, while
this monolayer phase coexists with a “particulate”
or bulk-like BaO phase in the Pt-BaO(20)/Al,0,
sample. Thus, we also followed the changes in
catalyst morphology and sulfur oxidation states
during desulfation processes using synchrotron
time-resolved x-ray diffraction (TR-XRD) and sulfur
K-edge x-ray absorption near-edge spectroscopy
(XANES), which were performed on the NSLS
beamlines X7B and X19A, respectively.

Figure 1 shows the H, TPRx spectra of sulfated
Pt-BaO(8)/Al,0, and Pt-BaO(20)/Al,0, samples,
obtained by ramping the temperature of these
samples in a H,/He flow while continually monitor-
ing the product gases with a mass spectrometer.
H,S is the primary product of the reaction be-
tween H, and sulfur species on the sample. H,S
is formed at higher temperature for the sample
with higher barium loading, implying that the type



of barium sulfate species formed upon uptake

of SO, is different depending on the loading of
barium species — surface or ‘monolayer’ sulfates
for Pt-BaO(8)/Al,O,, and ‘bulk’ BaSO, for the Pt-
BaO(20)/Al,0, sample. In addition, the amount of
H,S produced over Pt-BaO(8)/Al, O, is two times
larger than that of the sample with higher barium
loadings, which suggests a more facile desulfation
of ‘monolayer’ BaSO,.

Sulfur K-edge XANES experiments were carried
out to investigate changes in the oxidation states
of sulfur as a function of H, reduction tempera-
ture. We collected samples after H, TPRx up to
553 K, 743 K and 1073 K (see arrows in Figure
1). After H, TPRx up to 553 K for the sulfated Pt-
BaO(8)/Al,O, sample, the spectrum in Figure 2(A)
contains a small peak at 2472 eV, which can be
assigned to a sulfide-like (S?) species, while the
main sulfate (SO,*) peak is unchanged. After H,
TPRx up to 1073 K, the sulfate peak nearly disap-
pears, while there is an increase in features from
lower oxidation state sulfur species (sulfide-like

MS signal: H,S (m/e = 34) (A. U.)

Temperature (K)

Figure 1. H, TPRXx spectra for sulfated Pt-BaO(8)/Al,O, and
Pt-Ba0(20)/AL,0, samples.

Counts

Temp (K}

Figure 3. TR-XRD patterns collected during H, TPRx from
a sulfated Pt-BaO(20)/Al,0, sample.

and sulfite-like (80,>)). The sulfated Pt-BaO(20)/
Al,O, sample shows qualitatively similar behavior
as shown in Figure 2(B). However, compared with
the sample with lower barium loading, Pt-BaO(20)/
Al,O, contains a significantly larger amount of
residual sulfur species of all types after H, TPRx
up to 1073 K, which is consistent with the H, TPRx
results.

Figure 3 shows a series of XRD patterns obtained
during H, TPRXx for the sulfated Pt-BaO(20)/Al,0,
sample. The room temperature XRD contains
peaks assigned to BaSO,. Up to about 773 K, the
BaSO, phase is unchanged. However, above 773
K, diffraction peaks associated with BaS

appear and continue to grow with increasing
temperature, along with a corresponding drop in
the intensities of the BaSO, peaks. Compared with
the Pt-BaO(20)/Al,0, sample, Pt-BaO(8)/Al,0,
contains much smaller amounts of BaS, confirming
that residual sulfur species were present at much
lower concentrations for the lower barium loading
sample.
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Figure 2. Sulfur K-edge XANES spectra of (A) sulfated Pt-
BaO(8)/Al,0,, and (B) sulfated Pt-BaO(20)/Al,0, samples.
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Superconductivity at elevated temperature was originally discovered in
the lanthanum barium copper oxide materials (La, Ba CuO,, or LBCO).

However, because these materials were difficult to grow as single
crystals, work quickly shifted to the analogous La, Sr,CuO, (LSCO)

U.S. Department of Energy

materials. Recently, large single crystals of LBCO have been grown

that are suitable for optical studies. All high-temperature superconduc-
tors share the trait that the parent compounds are insulating, and that

Christopher Homes

Condensed Matter Physics &
Materials Science Dept.
Brookhaven National Laboratory
homes@bnl.gov

In most cases, superconductivity develops from a
metallic state, and is characterized by the forma-
tion of a superconducting energy gap at the Fermi
surface. In metals and alloys, this gap is isotropic.
However, a unique feature of the copper-oxide su-
perconductors is that the gap is highly anisotropic,
actually going to zero at some points on the Fermi
surface (this is referred to as a d-wave gap). Opti-
cal studies allow the nature of both the metallic
and superconducting states to be probed.

Single crystals of LBCO have been cleaved in air,
revealing large, optically flat surfaces oriented
parallel to the copper-oxygen planes where the
superconductivity is thought to originate in these
materials (Figure 1). The temperature depen-
dence of the reflectance has been measured at

Authors (from left): Christopher Homes, John Tranquada,
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superconductivity is induced by chemical doping to produce a super-

conducting “dome;” LBCO js superconducting for Ba-dopings of about
0.05 to 0.23. Curiously, at the 1/8 doping, charge-order develops and
superconductivity is destroyed, leading to an unusual electronic state.

a near-normal angle of incidence over a wide
frequency range (about 2 meV to over 4 eV). The
reflectance is in fact a complex quantity, consist-
ing of an amplitude and a phase; in this case, only
the amplitude is measured. However, if the reflec-
tance is measured over a wide enough range (as
is the case here), then the Kramers-Kronig rela-
tions may be used to determine the phase — once
these two quantities are known, other quantities
such as the optical conductivity may be calculated.
The optical conductivity of LBCO at the 1/8 doping
is shown in Figure 2. The conductivity of metals

is often described by the simple Drude model,
which may be described by a plasma frequency

(a measure of the concentration of free carriers),
and a scattering rate; the frequency response is a
Lorentzian centered at the origin, and the width at
half maximum is the scattering rate. This simple
picture describes the optical conductivity of LBCO
quite well, at least until about 60 K. However,

for this particular doping, LBCO undergoes an
orthorhombic to tetragonal transition at about 60
K, leading to formation of static charge stripes.
Long-range charge order in a material often leads
to the formation of a charge gap that destroys the
conductivity in the material. However, as Figure 2
clearly shows, while the response associated with
the Drude component is shrinking, the conductiv-
ity remains metallic down to the lowest measured
temperature. We interpret this response to indi-
cate that the charge order is responsible for a par-
tial gapping of the Fermi surface. Angle-resolved
photoemission studies on this material do indeed
detect a gap in this material below 60 K, but the
gap is highly anisotropic and has a d-wave charac-
ter; the metallic excitations are associated with the
ungapped or nodal regions. This behavior is also



observed in the normal-state of the underdoped ductivity recovers quickly on either side of the 1/8

copper-oxide materials, which are referred to as anomaly suggests that the gap we observe in the
“nodal metals.” It is tempting to associate this 1/8 material is in fact the superconducting gap, but
gap with a competing instability, such as a charge with a near total absence of phase coherence.

density wave. However, the fact that the supercon-
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Figure 1. The unit cell of (La,Ba),CuO, [La, (Ba) — green, Figure 2. The ab-plane optical conductivity of LBCO for the
Cu — blue, O —red (sheet), orange (apical)] illustrating the 1/8 doping in the infrared region between 60 and about 5 K,
copper-oxygen (ab) planes and bond coordination; the long showing a steady decrease and narrowing of the Drude-like
axis is the ¢ axis. component.
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Fe-nitrides together with transition metal oxides are part of a new
generation of interesting magnetic materials extensively investigated
because of their potential use in future magnetic devices. Fe-N is a
complex system, with a rather complicated phase diagram contain-

ing multiple phases like y’-Fe N, £’-Fe N, ¢-Fe,N and a’Fe /N, The a”

16 2"

Fe,N, phase is the most interesting phase, with a reported magnetic

U.S. Department of Energy; The
“Ramon y Cajal” program of the
Spanish Ministry of Education and
Science

moment up to 4 times that of the Fe one. The fabrication of single-
phase samples of Fe-N is currently a complicated task, especially for
thin films of the a” phase. Our interest to study Fe-N thin films is driven

by the search for a better understanding of nitrogen’s role in the mag-
netic properties of this system. Previous structural reports place the

Cecilia Sdnchez-Hanke
NSLS-BNL
hanke@bnl.gov

Using x-ray Magnetic Circular Dichroism (MCD),
we studied a series of Fe-N thin films in a thick-
ness range between 15 and 100 nm with predomi-
nantly y’-Fe,N phase. Prior to the MCD measure-
ments, the samples were structurally character-
ized with x-ray diffraction (XRD) and magnetically
characterized with a Superconducting Quantum
Interference Device (SQUID), making use of the
Polar Magneto-Kerr effect (MOKE) (Figure 1). The
P-MOKE data show an expected 4-fold symmetry
as the Fe-N thin films
were grown on a
(001) FCC MgO sub-
strate shown by the
XRD measurements.

MCD measurements
were collected at the
National Synchro-
tron Light Source
beamline X13A. This
beamline deliv-

ers modulated soft
X-rays in an energy
range between 200
and 1600 eV, switch-
ing between left and
right polarization with
frequencies close to
22 Hz. MCD, or the
difference in the ab-
sorption signal of the
sample collected with
left and right ellipti-
cally polarized x-rays,
provides a unique el-
ement-specific tool to

Authors (from top) Cecilia
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N atoms in an interstitial position inside the Fe structure, suggesting
rather weak interactions between Fe and N.

study magnetic properties in magnetic materials.
With the difference signal, the sum signal, and the
help of the Sum Rules, it is possible to determine
the spin and orbital magnetic moment associated
with each of the elements present in the sample.
Modulated x-rays switching at high frequencies
allow the simultaneous collection of the absorp-
tion and MCD signal in a single energy scan. The
modulation also increases the sensitivity in the
detection of small magnetic signals as well as the
collection of the MCD signals in highly diluted fer-
romagnetic materials. These characteristics made
X13A an adequate choice to conduct the experi-
ment in order to show the contribution of nitrogen
to the Fe-N magnetic moment.

XMCD measurements were performed on Fe-N
thin films at different incident angles, simulta-
neously collecting the reflectivity and the MCD
spectra over the Fe L, and L, and the N K absorp-
tion edges (Figure 2). The left panel of Figure

2 shows the N polarization in the thin film with a
small MCD signal, indicating that the experiment
was successful. The detected MCD signal, in

the range of 105, is close to the beamline detec-
tion limit. On the right panel, the Fe reflectivity
and MCD signal were collected at two different
incident angles. The reflectivity spectra at the Fe
edges show two different components at the L,
absorption edge. These signals can be enhanced
independently depending on the angle of inci-
dence. Comparing these spectra with a spectrum
recorded on pure Fe relates the presence of the
additional features in the spectra to different Fe
sites in structure depending on the phase. The
signal to noise ratio in the nitrogen MCD data was
not good enough to try to apply the Sum Rules



and calculate the contribution to the magnetic
moment of the sample. But the signal was suffi-
cient to perform element specific hysteresis loops
together with the Fe (Figure 3). Hysteresis loops
were recorded for nitrogen and for each of the Fe
components. The loops present the same shape
as well as the same coercive field that shows the
intimate relation between the N and the Fe signal.

We demonstrated that the nitrogen has some con-
tribution to the magnetic moment of the sample,
although small but detectable in the case we refer

Figure 1. Azimuthal plot, Polar MOKE for a typical FeN
sample. We noticed four-fold symmetry characteristic
of (001) fec structure. The vertical axis corresponds to
coercive field (Oe).
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Figure 3. Hysteresis loops recorded at photon energies
where the MCD signal presents a maximum. The N and Fe
loops present the same coercive field.

to here. Our data demonstrate an intricate Fe-N
structure with the coexistence in the samples of
multiple phases. We speculate that each feature
or peak in the Fe spectra corresponds to Fe atoms
occupying different sites inside the structure of
the nitride. The complexity of the studied thin films
does not allow us associate the Fe features to any
specific phase, although we expect that an MCD
study on single-phase samples, especially on the
a” one, will help in the understanding of the contri-
bution of the nitrogen, if any, to the total magnetic
moment.
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Figure 2. Fe and N reflectivity and XMCD spectra recorded
at different angles. Fe spectra were obtained at 8 (dashed/
dots) and 11 (continuous/squares) incident angle of the x-
rays on the sample. Pure Fe signal (dashed/triangles) was
also collected at 8 degrees.
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We studied electron spin resonance (ESR) in LiCu,O,, using the far-
infrared/high magnetic field instrumentation at U12IR. The electron
spins in this quasi one-dimensional material develop a helical order at
low temperature. The excitation of this spin chain results in a field-
and frequency-dependent absorption feature in the IR spectrum. We
compared the results to a theoretical analysis of the excitation, and
we deduced the characteristic anisotropy energy of the spin system. In
particular, we determined the interactions that keep the spins confined
to a particular plane relative to the crystal.

L&szIé Mihdly

Dept. of Physics and Astronomy
Stony Brook University
laszlo.mihaly@sunysb.edu

Ferromagnets are all around us — in the seal on
the door of the refrigerator, in the headset of the
iPod, and in the computer’s hard disk, to name a
few examples. In ferromagnets, the interaction be-
tween the electrons makes the electron spins (and
the associated magnetic moments) line up parallel
to each other. What happens if the interaction is
different, favoring spins in opposite directions?
These materials, the so-called antiferromagnets,
do not have widespread applications, but they are
much less understood and the subject of intensive
current research.

In this study we looked at the quasi one-dimen-
sional antiferromagnet, LiCu,0,. The copper in
this compound has two different ionization states.
The Cu?®* ions are magnetically neutral, but the
Cu?* ions carry magnetic moments with spin %.
These ions form quasi one-dimensional chains

Authors (from left): Balint Nafradi, Laszlé Forré and Laszlé
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with a zig-zag “ladders” along the b direction in the
crystal (Figure 1).

In addition to its quasi one-dimensional structure,
this material has two other interesting character-
istics: The interaction between the moments goes
beyond the first neighbors, and the structure has
a triangular motif. In antiferromagnets both of
these properties lead to frustration: it is impos-
sible to find an arrangement of spins so that all
interactions lead to a minimum of the energy. (For
example, three spins on a triangle cannot all point
opposite to each other.) Because of the absence
of a simple classical ground state, quantum effects
and fluctuations are expected to be important in
this material. However, experiments, primarily
NMR and neutron scattering, led to a somewhat
disappointing conclusion. Instead of a fancy quan-
tum state, the spins exhibit a helical order along
the chains, with a wavevector Q incommensurate
to the lattice. In zero external field all spins were
found to be parallel to the a-b plane. (Figure 2)
The intricate spin order was interpreted in terms of
a classical interacting spin model, with no (or very
little) quantum fluctuations. Why does this system
of spin 2 electrons behave as if quantum mechan-
ics did not exist? This was the principal question
in our study.

We searched for the answer by trying to measure
the energy gap in the excitation (magnon) spec-
trum, since the absence of low-energy excitations
stabilizes the classical ground state. The main
experimental results of the study are shown in
the upper panel of Figure 3. There is a weak,

but visible resonance at finite frequencies in zero
external field. This is a direct measurement of the



energy gap, responsible for suppressing quantum
fluctuations.

What is the source of the energy gap? And here is
a related question: What makes the spins prefer
the a-b plane instead of making a helical structure
in some different planes? The anisotropy in inter-
action between the spins is needed to answer both
of these questions. In this case the anisotropy is
of the “easy plane” type: The interaction energies
are larger for spins in the a-b plane than for spins
in other directions. We performed theoretical mod-
eling and, by fitting the resonance positions for all
field, we determined a single anisotropy parameter
for this system. The model also described the
observed strong field dependence in the intensity
of the resonance.

Figure 1. Crystal structure of LiCu,0,. The magnetic Cu®
ions are dark blue, the non-magnetic copper is green, the
lithium is light blue and the oxygen is red. The dark blue
bonds emphasize the triangular spin ladder.
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Interestingly, the model predicted two resonances
at finite fields, but the other one (green line in
Figure 3) was much weaker. We suspected that
the instrument we used was not sensitive enough
to see this other line, and we sent the sample
back to EPFL, (Lausanne, Switzerland), where
Balint Nafradi did more ESR measurements. The
spectrometer in Lausanne operates at a few fixed
frequencies, and it cannot be used to create a full
two-dimensional map of absorption intensity seen
in Figure 3, but it is much more sensitive than
ours. The resonance line has been found at the
predicted position, and we witnessed one of the
rare cases when the theory not only interpreted
the existing experimental data, but actually pre-
dicted the result of a new experiment.

Figure 2. Helical spin order along a triangular ladder in
LiCu,0O,. All spin directions are parallel to the a-b plane,
and subsequent spins on the same leg of the ladder make
an angle slightly larger than 60°.

Figure 3. Upper panel: Absorption due to spin resonance
as a function of field and frequency. Darker shades indicate
stronger absorption. The red line is a theoretical fit to the
line position. The green line is another resonance predicted
by the theory. Lower panel: Simulated experimental results,
based on the calculated intensity of the absorption.
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X23B

LASER DEPOSITED MANGANESE SPINEL FERRITE FILMS

X. Zuo', A. Yang', S.-D. Yoon', J.A. Christodoulides?, J. Kirkland®, V.G. Harris', and

X.Zuo, A. Yang, S. Yoon, J.
Christodoulides, V.G. Harris, C.
Vittoria, "Large Induced Mag-
netic Anisotropy in Manganese
Spinel Ferrite Films," Appl. Phys.
Lett., 87,152505 (2005).

C. Vittoria'

"Department of Electrical and Computer Engineering, Northeastern University; 2Naval Research
Laboratory; 3Sachs Freeman Associates

Here, we report the oxygen-pressure dependence of magnetic anisot-
ropy in pulse laser deposited MnFe,O, films. Magnetic anisotropy fields

are shown to reach 5 kOe when the films are processed at oxygen
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pressures below 5 mTorr. The bulk values are around 200 Oe. Further,
the preferred direction of magnetization can be aligned either along

the film plane (p, <8 mTorr), as is typical, or perpendicular to it (p, >8
mTorr). The ability to induce large perpendicular magnetic anisotropy

Vincent Harris

Dept. of Electrical and Computer
Engineering

Northeastern University
harris@ece.neu.edu

Manganese ferrite (MnFe,O,) is a well-studied
spinel ferrite that has low magnetic anisotropy
(H,) at room temperature (K, = -33x10° erg/cm?

or H, = 2|K,|/Mg; = 175 Oe) arising from the low
magnetocrystalline anisotropy energy common

to cubic structures. This low H, value limits the
applications of this ferrite, or more generally, most
cubic spinel ferrites, to frequencies at or below
the S-band (1-5 GHz). To overcome this limitation,
large magnetic fields are needed to achieve a high
ferromagnetic resonance frequency and increase
the bandwidth of these materials. These large
magnetic fields do not allow for the miniaturization
of such potential devices, however.
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in spinel ferrites allows for new applications above S-band frequencies
(i.e. phase shifters, filters, isolators, and circulators) to be considered.

The enhancement of the magnetic anisotropy in
manganese ferrite is related to the oxygen pro-
cessing pressure used in the pulsed laser depo-
sition process (Figure 1). We measure a large
growth-induced anisotropy for both low (H ~5000
Oe) and high oxygen-processing pressures (~1500
Oe). The natures of these magnetic anisotropies
are quite different. For example, at low oxygen-
processing pressures the magnetization aligns in
the film plane, as one might expect from the influ-
ence of the demagnetizing energy. However, at
high pressures the anisotropy aligns perpendicular
to the film plane.

One possible source of this magnetic anisotropy
derives from the distribution of magnetic cations
within the unit cell. In order to measure the cation
distribution, select samples were subjected to
EXAFS (extended x-ray absorption fine structure)
measurements. Data collection was performed
using beamline X23B at the National Synchro-

tron Light Source in fluorescence yield at room
temperature. At the time data were collected, the
storage-ring energy was 2.54 GeV and the ring
current ranged from 180-250mA. Here, we applied
a multi-edge refinement using Athena and Artemis
codes of Ravel and Newville, respectively, to ana-
lyze the cation distribution of these samples, which
were produced under different oxygen pressures.
Figure 2 is a plot of representative best-fit data for
both Mn and Fe EXAFS.

With an increase in oxygen pressure used in
processing, the octahedral site occupancy of the
manganese ions increases, as measured using
EXAFS, from 32% to greater than 50%. This is
compared with the bulk equilibrium distribution of



20%. Correspondingly, the Fe octahedral occupa-
tion decreases from 84% to 75%. The difference

in site distribution may be influenced by the dif-
ference in cation valence caused by the oxygen
pressure, lattice strain from the mismatch in lattice
constants and thermal expansion coefficients, or
from the large effective quench rate.

As the oxygen pressure used in processing is
increased from 1 to 50 mTorr there are significant
changes in the physical state of the films. We
envision that at low oxygen pressures (p<5 mTorr),
anion defects arise from the incomplete oxida-
tion of cations on the surface of the growing film.
These defects lead to a greater occupation of Fe?*
on the octahedral sites, providing large contribu-
tions to the uniaxial anisotropy constant from a
single ion anisotropy mechanism. At pressures
greater than 8 mTorr, H, becomes negative and
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Figure 1. EXAFS data as the real part of the Fourier
transform from Mn (a) and Fe (b) K-edge absorption (solid
curve) with best fit data (symbols) for a MnFe,O, film
deposited on a (100) MgO substrate at an oxygen pressure
of 1 mTorr.

the magnetization aligns perpendicular to the film
plane. At higher pressures the ions in the ablated
flux experience more collisions en route to the
substrate, which reduces their kinetic energy and
subsequently reduces their mobility on the surface
of the growing film. This lack of mobility leads to
the freezing in of cation disorder. In the case of
MnFe,O, this results in an increase in the inver-
sion of Mn cations, that is, the distribution of Mn
on the octahedral sublattice. Another interesting
trend seen in the EXAFS analysis is the increase
in the oxygen displacement parameter (commonly
denoted by u). We speculate that this distortion is
a direct consequence of the local strain resulting
from the cation disorder and results in a tetrago-
nal distortion of the unit cell. This breaking of the
crystal symmetry leads to perpendicular anisot-
ropy via a magnetocrystalline anisotropy mecha-
nism.
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Figure 2. Uniaxial magnetic anisotropy field (H, ) and
saturation magnetization (4nM) as functions of oxygen
pressure used in PLD growth. M_ is the vector defining the
magnetic easy axis.
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It has previously been reported, on the basis of synchrotron x-ray
scattering studies, that many liquid metals have oscillatory density
profiles (i.e. smectic-like layering) at their free surfaces. On the other

hand, previous x-ray studies of many nonmetallic isotropic liquids have
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detected no such surface ordering. Is this effect due to the electron
gas and therefore unique to liquid metals? We used x-ray reflectivity to

study a molecular liquid, tetrakis(2-ethylhexoxy)silane. When cooled to
227K and below, the bulk remains liquid but density oscillations appear

Haiding Mo
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The traditional picture of the free surface of a lig-
uid is that the density changes monotonically from
that of liquid bulk to that of the vapor. This picture
describes dielectric liquid surfaces near room
temperature quite well. However, x-ray scattering
experiments have established that liquid metals
and metallic alloy surfaces are layered.

Recently, Chacén et al concluded from simula-
tions that surface layering will appear in any liquid
below about 0.2T , where T_is the critical tempera-
ture, provided that it is not preempted by freezing.
According to this theory, metallic liquid surfaces
are found to be layered because they have high

T, values and so room temperature is below T/T_~
0.2, while T_is low for most dielectric liquids and
so room temperature corresponds to T/T_~ 0.4 -
0.5. Many dielectric liquids will freeze above T/T_~
0.2, making the necessary temperatures inacces-
sible. If one finds a dielectric liquid with relative
high T_and low melting point T_, so that T_/T_is
less than 0.2, one should be able to observe sur-
face layering in this dielectric liquid.

We have stud-
ied the surface
of a molecular
liquid, tetra-
kis(2-ethoxy-
hexoxy)-silane
(TEHOS), using
x-ray reflectivity
and confirmed
the prediction
of Chacon.
TEHOS is an
isotropic (non-

F
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at the surface. There is only short-range lateral order, just as in liquid
metals and unlike surface freezing. Our results confirm theoretical
predictions that a surface-layered state will appear in any liquid at suf-
ficiently low temperatures, if not preempted by freezing.

liquid-crystalline) dielectric liquid. The molecule
consists of one Si and four O atoms in the center,
surrounded by four saturated branched alkanes,
forming a “wax coating” that makes the molecules
nonreactive and roughly spherical. Viscosity
measurements have shown that it is a fluid down
to at least 219 K. Using x-ray scattering in trans-
mission, and differential scanning calorimetry, we
have found no evidence of a bulk phase transition
down to 190 K. Its T_is estimated to be ~950 K.

In order to easily cool the liquid, we prepared
~5000A films of TEHOS supported on silicon sub-
strates, which were formed by putting a few drops
of liquid on the substrates, allowing the liquid to
spread, and then draining the excess. There is

no interference between the two interfaces of the
films because the film thickness is much larger
than the x-ray coherence length. To avoid see-
ing features in the reflectivity due to solid-liquid
interface layering, we prepared and used sub-
strates with RMS surface roughness >20A. We
have confirmed that the scattering features due to
interfacial layers can no longer be seen when the
substrate surface is rough.

Figure 1 shows the specular reflectivity R divided
by the Fresnel reflectivity R. at several tempera-
tures. At 237 K (and at higher temperatures, not
shown here), the scans are featureless, similar,
to those from typical nonlayered dielectric liquids
surfaces. At lower temperatures, distinct reflectiv-
ity oscillations are seen. A peak occurs at about
0.6 A", which matches precisely the peak position
of the bulk scattering data, and signifies that the
layering occurs at the surface. The temperature
threshold corresponds to T/T, = 0.25.



We fit the data in Figure 1 by modifying the ‘semi-
infinite series of Gaussians’ model frequently used
to fit reflectivity data from liquid metal surfaces.
Good fits were obtained as shown as solid curves
in Figure 1. Figure 2 shows the electron densi-
ties obtained from the fit. The dashed lines are
the best-fit density functions; the solid lines are
the same functions with the capillary width set to
zero. In other words, the solid lines show what
the surface profiles would look like if they had not
been broadened by thermal capillary waves. The
profiles show that at high temperature the density

0.2030405060.7038
Q (A7)

Figure 1. Normalized specular reflectivity for ~5000

A TEHOS films on rough silicon wafers at different
temperatures. Lines are best fits using the electron density
profiles shown in Figure 2. The data are displaced vertically
for clarity.

changes monotonically, but at low temperatures
there are layers. The in-plane scattering data
show only liquid-like order, just as at liquid metal
surfaces.

Our results confirm the theoretical prediction that
dielectric liquids will show layered structure at the
surface if cooled down to sufficiently low tempera-
ture. In other words, the surface-layered state is a
general property of the liquid phase, not one that
is limited to liquid metals.

-45 -30 -15 0 -45 -30 -15 0O

P/ Py

237K 297 K

-45 -30 -15 0 -45 -30 15 O

Z (A) Z (A)

Figure 2. The dashed lines show best-fit electron densities
as functions of distance from the surface for ~5000 A
TEHOS films at different temperatures. The solid lines show
the density profiles with capillary broadening removed.
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COHERENT THZ SYNCHROTRON RADIATION FROM A
STORAGE RING WITH HIGH FREQUENCY RF SYSTEM
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Coherent synchrotron radiation (CSR) generated in an electron storage
ring is a promising source for stable, high-intensity terahertz (THz)
radiation. The achievable CSR power and spectrum depend strongly
on ring radiofrequency (RF) system parameters, mainly RF frequency
and gap voltage. We report the initial results of CSR generation in the

064801 (2008).

MIT-Bates South Hall storage ring (SHR), which is equipped with a
unique high-frequency S-band RF system. The CSR enhancement is

U.S. Department of Energy; Mas-
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10,000 times above background for wave numbers near 3 cm™ with a
bunch current of 1.1 nA. Suppressing beam instabilities emerged as

the first challenge in pursuing a very brilliant ring-based THz source,

Fuhua Wang
MIT-Bates Linear Accel. Center
fwang@mit.edu

The THz region of the electromagnetic spectrum
lies between the infrared and the microwave. Only
over the past decade has this region become more
available for scientific research and applications
as moderate intensity sources have emerged.
Accelerator-based CSR provides a category of
broadband THz sources with much higher power.
The stability of radiation flux, familiar to many
synchrotron radiation users in synchrotron light
sources, is also a distinguishing characteristic of
the CSR obtained from a ring-based THz source.

Source research efforts in past years predict that
the achievable stable CSR power and spectrum

of a ring-based source are strongly dependent on
ring RF frequency and gap voltage. At present, the
RF frequencies employed in light-source storage
rings are 500 MHz and below for practical rea-
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with further investigations underway.

sons. For example, the BESSY Il storage ring, at
this frequency, has demonstrated CSR in the THz
region. The MIT-Bates SHR is the only storage
ring that is equipped with an S-band (2.856 GHz)
RF system. The system was originally designed
to facilitate uniform pulse stretching operation for
nuclear physics. However, it has also been suc-
cessfully operated in a storage mode for years
with this RF system. This provides us with an
excellent opportunity to investigate the potential of
a ring-based source at its technical limits.

To attain short electron bunch length (~ 1 mm,
rms), the SHR optics were turned into a low-mo-
mentum compaction (a) lattice, in which electrons
with different momenta would have smaller path-
length differences. As expected with the higher RF
frequency, a bunch length of about 1Tmm rms was
attained with a moderate o value of 0.0006, which
is favorable for stable operation.

The CSR radiation was extracted through a 6-
mm-thick fused quartz view port followed by two
parabolic reflectors that collected the light and
matched it to a spectrometer. The spectrometer
was a modified commercial Nicolet Magna 860
Fourier Transform Infrared (FTIR) Spectroscopy
interferometer with a liquid-helium-cooled silicon
composite bolometer as the detector. The spec-
trometer could sense CSR to wave numbers as
low as 1 cm™'. The spectrometer assembly was
carefully tuned and tested at the NSLS. Strong
CSR signals were detected in the sub-THz region.
The enhancement of CSR compared to the 300 K
blackbody radiation background was 10,000 times,
peaked near a wave number of 3 cm™', and had

a very low electron bunch current of 1.1pA. Most



of the 1812 RF buckets of the ring were filled, as
it was the only available SHR injection mode at
the time. The signal of the incoherent THz radia-
tion with a few mA circulating beam was below the
detection limit. The coherency tests of the radia-
tion included dependency of the spectrum inten-
sity on the bunch current and bunch length. The
CSR radiation spectra from electron bunches with
different bunch lengths, and the quadratic depen-
dency of intensity on bunch current, are shown in
Figure 1 and Figure 2.

CSR Intensity /background

Wave number cm-'

Figure 1. Intensity ratio of CSR to background for different
bunch lengths. Total stored current | = 2 mA. Measured rms
bunch length (ps): 7.6, 4.4, 4.0, corresponding to the RF
peak voltage V. (kV) of 20, 80, and 134.

Beam longitudinal instabilities were observed

in both the radiation spectrum and time domain
signals as well as in the beam longitudinal pro-
file measurements. The instabilities limited the
maximum bunch current that could be used for the
tests and resulted in deteriorated radiation coher-
ency at higher bunch intensities. Preparation for
further tests is underway to address the technical
challenges uncovered here.

*  Intensity, at 2.41 eni’ !
7000 a fitto |

Spectrum Intensity (a.u.)

12 (mA?)

Figure 2. Quadratic dependency of spectrum intensity of
CSR to beam current.
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Superconductors can be sent out of equilibrium by using light to break
Cooper pairs. Using a pump-probe setup, we studied the time-depen-
dent behavior of thus depleted superconductivity. Laser pulses were
utilized to break pairs and synchrotron far-infrared (a.k.a. terahertz)

(2005) pulses measured the spectra as a function of time in the sub-nanosec-
' ond scale. This measurement allowed us to determine how electrons
recombine into pairs, bringing the system back to equilibrium. The

U.S Department of Energy;
Centre National de la Recherche
Scientifique (France); City of Paris

Ricardo Lobo
LPS-ESPCI and CNRS
lobo@espci.fr

The Bardeen, Cooper, and Schrieffer (BCS) theory
of superconductivity showed that, in a classi-

cal superconductor, zero electrical resistance is

a consequence of electrons pairing themselves.
These “Cooper pairs” have a typical binding ener-
gy (2A) that leads to a gap for unpaired electrons
at the Fermi energy. However, Cooper pairs can
be broken into two electrons if they are given an
energy larger than the gap. One of such possible
processes is the absorption of a photon of energy
greater than 2A. As Cooper pairs are energeti-
cally more favorable than electrons, the electrons
eventually reform the pair. The full relaxation
process is a bit more complex, as shown in Figure
1. In equilibrium, all the electrons in a supercon-
ductor should form pairs below the Fermi level
(Figure 1A). The absorption of a photon will excite
pairs across the gap and produce electrons above
the Fermi energy (Figure 1B). We then reach a
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direct observation of the superconducting gap diminution, expected for
an excited superconductor, was measured for the first time.

situation where the “unstable” excited electrons
want to recombine into a pair. Energy conserva-
tion imposes that the energy gain occurring when
electrons form a pair must be emitted, usually

as a crystal lattice vibration (phonon). Neverthe-
less, phonons can also break pairs; therefore,

the emitted phonon is able to produce two new
excited electrons. This subtle competition between
electrons willing to recombine and phonons try-
ing to break pairs only ends because, eventually,
phonons become unavailable by either relaxing to
very low energies or simply escaping the material.
The whole process of relaxation is schematized in
Figure 1C.

A collaboration between the University of Florida
and the NSLS built a pump-probe setup to study
systems out of equilibrium. The facility consists of
a Ti:Sapphire pulsed laser synchronized with the
electron bunches of the VUV-IR ring. We utilized
the laser pulses to break pairs (pump) in several
conventional superconductors, including Pb, Nb,
and NbN, and the far-infrared light from beamlines
U12IR and U10A to probe the changes in the opti-
cal response of the superconductor, which strongly
depends on the number of Cooper pairs. By delay-
ing the laser pulses with respect to the synchro-
tron bunches, we can obtain the time-dependent
optical response for the specimen.

Figure 2 shows the integrated far-infrared trans-
mission for several out-of-equilibrium supercon-
ductors as a function of time and temperature. At
zero delay, both the laser and synchrotron pulses
arrive at the sample at the same time and the
changes in the optical transmission are maximum.
As we push the synchrotron pulses further away



from the laser, we allow enough time for some
pairs to recombine and the optical transmission to
recover its equilibrium value. Finally, we obtained
the measurement of the non-equilibrium infrared
spectrum (Figure 3), which is the first direct de-
termination of the superconducting gap shrinkage
expected for superconductors with excess
unpaired electrons.

2
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Figure 1. Density of states for a BCS superconductor (A) in
equilibrium and (B) where pairs were broken into electrons.
Panel (C) shows schematically the processes involved
when the system relaxes back to equilibrium. Each process
(recombination, pair breaking, and phonon escape) is
characterized by a different time scale.
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Figure 3. Non-equilibrium far-infrared spectrum for
superconducting lead (dots) and expected response
from BCS theory (line). The jump in the curve is a direct
measurement of the superconducting gap shrinkage
expected for a superconductor with excess unpaired
electrons.

This technique is now being used to analyze more
complex superconductors such as the cuprate
high critical-temperature materials and the “two-
superconductors-in-one” material MgB,,.
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Figure 2. Relative variation in the far-infrared transmission
of several classical superconductors as a function of
temperature and time.
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STRONTIUM SPECIATION DURING REACTION OF
KAOLINITE WITH SIMULATED TANK-WASTE LEACHATE.
BULK AND MICROFOCUSED EXAFS ANALYSIS
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Radioactive strontium (°°Sr) is an important constituent of complex
wastes produced from past nuclear weapons production and stored in
underground tanks at DOE sites (e.g., Hanford, WA). Using bulk and
microfocused EXAFS spectroscopy, we examined temporal changes
in solid phase Sr speciation in kaolinite samples reacted for 1 to 369
days with high-pH, high ionic strength synthetic tank-waste leachate
containing Sr?>* and Cs*. Our results and supporting characterizations
show that Sr forms a transient carbonate phase at early reaction times
that is replaced by incorporation into neoformed, cage-type feld-
spathoid aluminosilicate minerals, with Sr becoming dehydrated and
non-extractable with longer reaction times. Formation of feldspathoid
minerals as products of sediment alteration may help sequester con-
taminants at sites such as Hanford.

The remediation of radioactive contamination at
former weapons testing and production sites is a
costly and protracted legacy of the U.S. post-WWII
military industrial complex. °Sr and "*’Cs are im-
portant contaminants at a number of Department
of Energy (DOE) sites, and particularly at the
Hanford (WA) site, because their half-lives fall
within human timescales (29 and 30 years, re-
spectively), they are potentially mobile in ground-
water, and they are bioavailable substituents for
Ca?* and K*, respectively, in organisms. Large
volumes of high-level radioactive waste and con-
taminant metals were generated from plutonium
production and separation processes, much of
which was stored in underground tanks. At least
67 single-shell tanks containing high-level wastes
are known to have leaked into vadose zone sedi-
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ments, where caustic fluids have reacted with
sediment minerals and groundwater to generate a
complex history of mineral alteration, fluid evolu-
tion, and waste dispersal.

Our research team has examined the reaction of
high-pH, high ionic strength synthetic tank-waste
leachate (STWL) with model clay minerals and
Hanford sediments in the laboratory to unravel the
geochemical processes that control subsurface
contaminant uptake or release. Our approach

is to link quantitative macroscopic measures of
contaminant partitioning to the molecular-scale
mechanisms that mediate the process, particularly
those that may lead to irreversible sequestration
of contaminants into a solid phase. This study
examined temporal changes in solid-phase Sr
speciation using bulk and microfocused EXAFS
analyses in samples of STWL containing Sr?*

and Cs* (at 10* m) reacted with the clay min-

eral kaolinite from 1 to 369 days. Bulk EXAFS
spectral analyses showed that Sr initially forms a
precipitate by 7 days with a local structure similar
to SrCO,(s). At 33 days, the bulk sample spec-
trum showed few features beyond the first shell of
oxygen atoms, but microfocused EXAFS of three
individual particles in the same sample indicated
distinct differences (Figure 1). Quantitative
analyses revealed a mixture of hydrated and dehy-
drated Sr associated with neoformed sodalite-type
(feldspathoid) phases. At aging times of 93 days
and longer, bulk EXAFS spectra and supporting
characterization methods indicated an increasing
fraction of non-exchangeable Sr with a local struc-
ture consistent with incorporation into increasingly
crystalline aluminosilicate particles, particularly
sodalite (Figure 2). A combination of spectro-



scopic and microscopic characterization studies by
our group, including NMR, XRD, SEM/TEM, and
FTIR, indicated the formation of both sodalite and
cancrinite, with cancrinite forming at the expense
of sodalite for reaction times longer than 93 days.
The Sr-EXAFS analysis uniquely identified the
stronger association of Sr with sodalite-type cage
structures, rather than cancrinite-type structures,
in these samples and showed that local dehydra-
tion of Sr within the neoformed phases was as-
sociated with increasingly irreversible sequestra-

%(k) x k3 (arb. units)
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Figure 1. From left: SEM images, synchrotron Sr x-ray
microprobe maps, and microfocused Sr K-edge EXAFS of
three neoformed particles from a kaolinite sample reacted
for 33 days with synthetic tank-waste leachate. A bulk
EXAFS spectrum of the sample is shown for comparison.
The bulk spectrum was collected at the NSLS (beamline
X18B) and the microfocused spectra were collected at

the APS (GSECARS beamline 13-ID-C). Particles were
dispersed on carbon tape and imaged with SEM to identify
isolated Sr-bearing particles prior to synchrotron analyses.
X-ray element maps were made prior to EXAFS data
collection in order to re-locate the Sr-bearing particles.

tion. Although this experimental system is greatly
simplified from field conditions, an important
observation is that trapping of radionuclides can
occur if they are present as cage-structure alumi-
nosilicates form and age as alteration products of
local Si-bearing sediment minerals. Sequestration
of radionuclides by feldspathoid mineral trapping
may be an important mechanism for retardation
near waste sources because re-release to solu-
tion requires mineral dissolution rather than ion
exchange.

(B) nitrate cancrinite

(A) basic sodalite

Figure 2. (A) Atomic structure of basic sodalite, which has
a single cage and cation site. Sr (yellow atoms) occupies
the Na site; surrounding anions and water within cages are
omitted for clarity; (B) Nitrate cancrinite has two distinct
cation sites in large (sodalite-type) and small (cancrinite-
type) cages; Sr is shown occupying Na sites within the
sodalite cage, nitrate groups occupy the counter-anion
position in the center of the cage, and Na and water are
shown in the cancrinite cage. Nearest interatomic cation-
cation positions in the ideal structures are indicated.
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SEDIMENTS OF LAKE COEUR D’ALENE, IDAHO

G.R. Toevs', M.J. Morra’, M.L. Polizzotto?, D.G. Strawn', B.C. Bostick??, and S.
Fendorf?

'Soil & Land Resources Division, University of Idaho; 2Department of Geological and Environ-
mental Sciences, Stanford University; *Department of Earth Sciences, Dartmouth College

Mining operations in northern Idaho have resulted in Pb, As, Hg, Cd,
and Zn contamination of Lake Coeur d’Alene. Unfortunately, limited
knowledge of sediment biogeochemistry precludes accurate model-
ing of metal(loid) flux to the water. We characterized the sediments
to elucidate diagenetic processes potentially controlling contaminant
release, showing that flood events bury ferric oxides present at the
sediment-water interface, transitioning them to an anoxic zone where
reductive dissolution occurs. Insufficient sulfur limits sulfidic mineral
formation, but high carbonate concentrations promote siderite forma-
tion. Metal(loid) sorption and release is thus a dynamic process inti-
mately tied to reactions involving iron minerals within the sediments.

FOR MORE INFORMATION
Michael J. Morra

Soil & Land Resources Division
University of Idaho
mmorra@uidaho.edu

Lake Coeur d’Alene (CDA) is a natural lake of
glacial origin located in northern Idaho. As a result
of mining activity within the region, mine tailings
and mill slurries contaminated with Pb, As, Cd,

Zn and other metal(loid)s have accumulated in

the sediments of Lake CDA. Prior research to
characterize sediment geochemistry has produced
inconsistent and contradictory results. Our objec-
tive was to characterize Lake CDA sediments
using spectroscopic techniques combined with in
situ interstitial water data, thereby identifying the
dominant solid-phase minerals and diagenetic
processes controlling interstitial water metal(loid)
concentrations. Ultimately, our results will facili-
tate the prediction of contaminant release from the
sediments to the overlying water column.

Two sample sites, Harlow Point (HP) and Peaceful
Point (PP), were located in the southern por-

tion of Lake CDA in an area highly impacted by
metal(loid)s. An uncontaminated control site, St.

Gordon Toevs
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Joe (SJ), was also established. Interstitial water
was collected in situ utilizing Plexiglas equilibrium,
dialysis samplers (peepers) and cores collected in
polycarbonate tubes.

Sulfur x-ray absorption near-edge structure
(XANES) spectroscopy analyses were conducted
at the National Synchrotron Light Source on
beamline X19A. Iron XANES and extended x-ray
absorption fine structure (EXAFS) spectroscopy
analyses were conducted at the Stanford Synchro-
tron Radiation Laboratory on beamline 4-3.

Sediment sulfur was speciated in an attempt to
identify specific components of the sediment solid
phase that potentially participate in metal(loid)
retention. XANES data clearly indicate that

pyrite was the principle S mineral detected at

the contaminated sites (Figure 1). Ester-bound
sulfate decreased with depth at all sites (Figure
1). Increased pyrite percentages with depth are
consistently accompanied by a corresponding
decrease in organic ester sulfate species. Thus,
diagenetic alteration of ester-bound sulfate is
likely important in the generation of pyrite in these
sediments. However, metal(loid) partitioning into
and on sulfidic minerals in Lake CDA sediments
must be re-evaluated given the high Fe to S ratios
of the sediments.

The speciation of sedimentary iron, achieved with
XAS spectra, offers additional evidence for the
diagenesis of sedimentary Fe and S. Contaminat-
ed sites show an obvious trend in the speciation
of solid-phase Fe that reflects changes in sedi-
ment redox potentials with depth, with both sites
displaying a decrease in Fe(lll) minerals below the



suboxic boundary and a concomitant increase in
Fe(ll)-containing solids (Figure 2).

Linear combination of Fe-EXAFS spectra indicated
the majority of the Fe(ll) increase was in the form
of siderite. Thus, a cycle of Fe-diagenesis is es-
tablished where Fe(lll) minerals buried by deposi-
tional events undergo reductive dissolution in the
suboxic and anoxic sediments, forming Fe(ll) that
precipitates as siderite or diffuses to the oxic zone
and reprecipitates as an Fe(lll) mineral.
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Figure 1. Comparison of S species as determined by S-
XANES analyses of Lake Coeur d’Alene sediments at the
contaminated sites (PP and HP) and the control site (SJ).
Data shown for each depth are an average of two spectra
from adjacent cores collected in May 2002 and have a
fitting accuracy of +5%. Maximum total sulfur within all
sediments was less than 0.5% by weight.

Ferric (hydr)oxides at the sediment-water inter-
face restrict contaminant migration, but diagenetic
reactions that occur during sediment burial and ex-
posure to reducing conditions release metal(loid)s
into the interstitial water. Metal(loid) cycling
between the solid and aqueous phases in Lake
CDA is thus a dynamic process intimately tied to
diagenetic reactions involving Fe minerals within
the sediments.
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Figure 2. Iron XANES analyses of Lake Coeur d’Alene
sediments as determined from linear combination fittings
of Fe(ll) and Fe(lll) proxies and illite. Data are from

cores collected in May 2002 at the control site (SJ) and
two contaminated sites (PP and HP) and have a fitting
accuracy of +5%. Iron comprised up to 10% of the sample
by weight at the contaminated sites.
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It is important to know what inorganic phosphorus (P) species are
being formed in soils subjected to high, long-term poultry-manure
application in order to understand P accumulation and release
patterns. Phosphorus K-edge XANES spectra of fresh manure showed
no evidence of crystalline P minerals, but did exhibit a dominance

of soluble calcium phosphates (CaP) and free and weakly bound
phosphates. Soils with a short-term manure history contained both
Fe-associated phosphates and soluble CaP. Long-term application
resulted in a dominance of CaP and a transformation from soluble to
more stable CaP species. However, none of the amended soils showed
the presence of crystalline CaP. Maintaining a high pH is therefore an

Dept. of Crop and Soil Sciences
Cornell University
shinjiro@ifas.ufl.edu

soils.

Poultry manure is frequently applied to agricultural
fields to supply essential nutrients to crops, sub-
sequently increasing yields. However, apart from
plant uptake, manure P can be lost as the result of
surface erosion and/or leaching. Such losses have
resulted in the eutrophication of watersheds in the
past. Soil pH plays a critical role in P retention

in soils by, for instance, changing the solubility

of secondary Fe, Al, and CaP minerals in soils.
Manure is a well-known liming material; however,
it is unknown how manure application impacts the
solubility and transformation of these secondary

P compounds. Our previous studies suggest an
increase in the proportion of CaP in the total P
pool in soils with long-term manure application.
Using P K-edge XANES, this study aims to assess
the CaP species formed in an originally acidic soil
in response to high and long-term (up to 25 years)
manure applications.

We measured standards of inorganic phosphate
forms for comparison with spectra of the inves-
tigated soils (Figure 1). Both the spectra of the
Fe-oxide strengite (STR) and the Al-oxide variscite
(VAR) featured a peak at 2156 eV (Figure 1e), but
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important strategy that can be used to minimize P leaching in these

were distinguished by the presence and absence
of a peak at 2146 eV (Figure 1a) for STR and
VAR, respectively. The most characteristic feature
for all of the CaP species was a peak at 2159

eV (Figure 1f) and a shoulder between 2151 eV
(Figure 1c) and 2152 eV (Figure 1d). A closer ob-
servation of the shoulder (Figure 1c-1d) revealed
this shoulder to be better expressed for CaP spe-
cies with decreasing solubility. The solubilities of
these CaP species generally decrease as follows:
dibasic calcium phosphate dehydrate (DCPD) >
dibasic calcium phosphate (DCP) > amorphous
calcium phosphate (ACP) = B-tricalcium phosphate
(TCP) > octacalcium phosphate (OCP) > hydroxy-
apatite (HAP).

The manure spectrum showed only two small
shoulders that are characteristic of CaP species
(Figure 2Ac-d and 2Af), but the overall spec-

tra rather resembled that for Aq-PO,. The linear
combination fitting result showed that this manure
contained 18% DCP, 35% ACP1, and 47% Aqg-
PO,. Ag-PO, in the fitting results is considered

a group of “free and weakly bound (adsorbed)
phosphates,” since it is not possible to use XANES
alone to quantitatively distinguish Agq-PO, from
phosphate adsorbed on minerals. The forest soil
spectrum showed a shoulder (Figure 2Aa) that

is indicative of FeP but was significantly widened
compared to STR, suggesting the presence of

a combination of phosphates in strengite and
phosphates adsorbed to the surfaces of various
Fe-oxides. The linear combination fitting resulted
in 38% ACP1, 32% STR, and 30% Ag-PO, in the
forest soil. Spectra of the manure-applied soils
showed a decrease and disappearance of the FeP
shoulder (Figure 2A-2Ca) and an increase in the



intensity of the CaP shoulder (Figure 2A-2Cc) and
the CaP peak (Figure 2A-2Cf) as the application
history increased. In fact, the linear combination
fitting suggested that long-term manure applica-
tion resulted in the transformation of relatively
soluble CaP species (Figure 2A, S2 soil: 8% DCP
and 19% ACP1) into more crystalline CaP species
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Figure 1. Phosphorus K-edge XANES spectra for
different inorganic phosphate standard species. The
dashed lines show energy levels of importance to indicate
unique spectra features for different species: (a) STR; (b)
absorption edge (white line); (c)—(d) CaP species related
to their solubility; (e) STR and VAR,; (f) CaP species;

(9) oxygen oscillation. Ag-PO, is H,PO,~ species in 0.1

M NaCl solution. STR: strengite, VAR: variscite, HAP:
hydroxyapatite, OCP: octacalcium phosphate, ACP:
amorphous calcium phosphate (phase 1 and 2), TCP: 8-
tricalcium phosphate, DCP: dibasic calcium phosphate, and
DCPD: dibasic calcium phosphate dehydrate.

(Figure 2C, L1 soil: 13% ACP1 and 43% TCP) in
soils over time. Yet, the most crystalline and there-
fore least soluble CaP form, such as HAP, was

not found in the studied soils. Since CaP minerals
are least soluble at high pH, maintaining a high

pH may be an important strategy for minimizing P
leaching in these soils.
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Figure 2. Phosphorus K-edge XANES spectra for poultry
manure, forest, and manure-applied soils with different
histories of application: (A) manure, forest, and short-term;
(B) medium-term; (C) long-term; and (D) linear combination
fits of selected spectra. The dashed lines in (A), (B), and
(C) correspond to those in Figure 1. The dotted lines in

(D) represent the best fitted result to respective spectra by
linear combination fitting.
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We investigated aging effects on As retention mechanisms in histori-

cally lead-arsenate contaminated urban soils using synchrotron-based
microfocused () XRD, u-XRF, and u- and bulk-XAS analyses. Where-
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as As is predominantly present as As(V) adsorbed onto amorphous

iron oxyhydroxides with a residue of schultenite (PbHAsO,) at an oxic
site, there is no trace of schultenite from a semi-reduced site. Instead,
Yuji Arai adsorbed As(V) phases on amorphous iron oxyhydroxide, amorphous
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speciation.

Arsenic (As) solid-state speciation is one of the
most important factors controlling dissolved As
concentrations at As-contaminated sites. In this
case study, we utilized a combination of in situ
bulk- and u-XAS, in situ p-XRF, and u-XRD to in-
vestigate As solid-state speciation in aged As-con-
taminated urban soils in the northeastern United
States. The origin of As in the soils (predominantly
lead arsenate) is the disposal of former commod-
ity, specialty, and agricultural chemicals. There
are two distinct sites with average redox potential
values of approximately 33 and 275 mV in the top
4 meters. Subsurface samples at 2-4 m depths
from a semi-reduced site A and an oxic site B
(thereafter sample A and B), where total As was
most concentrated (80 and 284 ppm, respec-
tively), were chosen for detailed spectroscopic
investigation.

In situ u-SXRF analyses indicated that elevated

Yuji Arai

2-58

orpiment, and As(V)-Ca co-precipitates were identified. This study
shows that aging effects can significantly alter the original chemical
constituent in soils, resulting in multi and site-specific As solid-state

As counts (regions 1, 2, 4, and 6 in Figures 1A
and 1B) are similarly distributed with Ba, Ca, and
Fe in sample A and with Fe in sample B (XRF
maps of the metals are not shown). Regions 2, 3,
and 5 (Figures 1A and 1B), where the As con-
centrations are not elevated, do not seem to be
co-distributed with elements such as Cu, Ni, Zn,
Mn, and Ca. The uXANES analyses show 1) a pre-
dominant As(V) oxidation state at regions 1, 2, 4
and 5; and 2) regions 3 and 6 contain As(lIl)-S and
As(lIl), respectively (Figure 2A). Selected diffrac-
tograms of the u-XRD measurements on sample B
(Figure 2B) show the presence of calcite, rutile,
and quartz in all 26 diffractograms, and schultenite
(PbHAsO,) in about half of the diffractograms.

In the bulk EXAFS analyses, results from pu-XRF,
-XRD and -XANES analyses were considered, and
coordination numbers of species at low R were
correlated with the expected proportions of the
species at high R (e.g., an As-Ca shell with an
As-As shell). Figures 2C and 2D shows the least-
square fits of samples A and B. The CN (£30%)
and R (x0.03A) of the first and second shells
(As-0O: 4.3 and 1.7 A, As-S: 3 and 2.27 A, As-Fe: 2
and 3.3 A, As-Ca: 2 and 4.06 A, As-Pb: 2 and 3.9
A and As-As: 1.5 and 4.09 A) in each sample cor-
respond to surface species that consist of approxi-
mately 25% amorphous orpiment (As,S,), 28%
adsorbed As(V) on iron oxyhydroxide, 46% of Ca-
As(V) coprecipitates and/or substitution of arse-
nate into gypsum in sample A, and approximately
71% As(V) adsorbed species on iron oxyhydroxide
with approximately 29% residual schultenite.

In this study, multi-scale spectroscopic techniques
(L-XANES, -XRF, and -XRD and bulk-XAS) were



effectively combined to elucidate As solid-state
speciation in lead-arsenate contaminated soils.
Decades of contamination and weathering resulted
in an alternation of the original As contaminant
source (lead arsenate). Traditional bulk chemi-

cal digestion and the leachate test could possibly

Figure 1. In situ As Ko and K p-x-ray fluorescence maps
of sample A and B, respectively. Scale of maps in x- and
y-axis is in mm. Fluorescence counts of each element are
indicated by color contour bars on the left side of each
map, and the intensity of each color is proportional to the
amount of the corresponding element. Regions 1, 2, 3, 4,
5, and 6 indicate the area where u-XANES spectra were
taken.

overestimate the site-specific As solid-state spe-
cies that significantly control the bioavailability of
As in soil solutions. The variability in spatial and
temporal scale may be important in assessing the
environmental risk and in developing in-situ reme-
diation technologies.
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Figure 2. (A) Microfocused XANES spectra at regions

1-6 of selected areas of the As fluorescence maps shown
in Figure 1. (B) Microfocused SXRD patterns (A=0.7598
A) of As concentrated areas of sample B. Selected
diffractograms show 2.8 A < d-spacing <3.6 A. (C) Non-
linear least-square fits to normalized k3-weighted EXAFS
spectra of the reference compounds and samples A and B.
Raw data and fits are shown by solid lines and open circles,
respectively. (D) Non-linear least-square fits to Fourier
transforms of the reference compounds and samples A
(bottom) and B (top). Raw data and fits are shown in solid
lines and open circles, respectively.
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A method for quantification of organic and inorganic halogen concen-
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National Science Foundation
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trations in environmental samples using x-ray absorption spectroscopy
has been developed. Organochlorine (Clyy) and inorganic chloride
(Clnorg) concentrations are determined from Cl 1s XANES spectra. The
absolute fluorescence intensity of these spectra is linearly dependent

on Cl concentration. Calibration curves are obtained from NaCl stan-

Alessandra Leri

Department of Geosciences
Princeton University
aleri@princeton.edu

dards in a matrix of uniform bulk density, and Cl concentration in natu-
ral samples is estimated from these curves with high precision. The
fractions of Clyy and aliphatic/aromatic Cl,g contributing to the total C/
1s XANES signal are computed through least-squares spectral fitting

with representative model compounds. Concentrations of organic and
inorganic Br (Br.q and Brinorg) in sediment samples are also measured
using a combination of XRF and Br 1s XANES spectroscopy.

Halogens undergo complex biogeochemical trans-
formations in terrestrial systems, cycling between
organic and inorganic forms. Naturally produced
organohalogens include a diverse array of rela-
tively low molecular weight molecules, as well

as macromolecules of indeterminate structure.
Despite the ubiquity of natural organohalogens,
the processes associated with their formation and
degradation in the environment remain poorly
understood, largely due to the inadequacy of avail-
able techniques to account for the myriad halogen
species in heterogeneous soil, sediment, plant,
and aqueous samples. Established quantitative
methods require chemical isolation of organohalo-
gen fractions from natural samples and are prone
to partial recoveries and/or chemical alterations
of halogens. We have applied synchrotron-based
x-ray fluorescence (XRF) and x-ray absorption
near-edge structure (XANES) spectroscopy to the
in situ determination of Clo.q and Brog concentra-
tions in natural samples.

Authors Alessandra Leri and Michael Hay
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Quantification of Cl relies on the absolute fluores-
cence intensity of Cl 1s XANES spectra (acquired
at beamline X19A) determined at 2850.8 eV, an
energy ~20 eV above the Cl K-absorption edge
(Figure 1A). By this energy, the near-edge oscil-
lations are attenuated and absorption intensity is
independent of Cl speciation. Polyacrylic acid-
based NaCl standards yield calibration curves with
a strong linear relationship between CI concentra-
tion and absolute Cl fluorescence intensity
(Figure 1B). X-ray beam absorption and scat-
tering by polyacrylic acid-based standards and
natural organic matter (NOM) are comparable,
allowing for direct measurement of Cl concentra-
tions in homogenized NOM sample pellets, which
minimizes matrix effects.

Unnormalized Cl 1s XANES spectra of oak leaf
NOM at progressive stages of decay are shown in
Figure 2A (a = least degraded; ¢ = most degrad-
ed). Comparison of the absolute Cl fluorescence
intensity values of these spectra with standard
curves (as in Figure 1B) yields the following total
Cl concentrations: a, 364 ppm; b, 141 ppm; c, 70
ppm. The decreasing trend in Cl concentration

is consistent with leaching of soluble forms of ClI
from the mulch material as part of the degradation
process.

In addition to providing Cl concentration mea-
surements, Cl 1s XANES spectra illuminate the
chemical forms of Cl present in a sample. Clmg
exhibits a broad absorption maximum (Figure
2B, x) higher in energy than the more intense
maxima characteristic of Cl,ycompounds. These
sharp peaks denote 1s > 1 or ¢’ transitions and

differ in energy depending on C-Cl bond length, as



becomes evident through comparison of aliphatic
and aromatic Cl,q spectra (Figure 2B, y-z). The
substantial variations in spectral features depend-
ing on the coordination environment of Cl allow
percentage estimates of Cliog and aliphatic and
aromatic Clog in natural samples to be ascertained
via least-squares fitting of normalized sample
spectra with spectra of representative model
compounds (Figure 2B). Combination of these
proportions with total Cl concentrations yields the
concentrations of Clig, aromatic Clog, and aliphatic
Clorg in NOM samples.

Total Br concentrations in environmental samples
have been determined via XRF analysis for de-
cades. The novelty of our application lies in the
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Figure 1. Quantification of Cl concentration from CI

1s XANES spectra. (A) Unnormalized Cl 1s XANES
spectrum of NaCl standard in PAA matrix (200 ppm ClI).
The difference at 2850.8 eV between splines through the
pre-edge and post-edge regions is used as a measure
of absolute Cl fluorescence intensity. (B) Relationship
between Cl concentration in PAA-based NaCl standards
and absolute Cl fluorescence intensity. Dashed line,
equation, and R? value represent linear fits to the data.

combination of quantitative information from XRF
(acquired at beamline X26A) with Br speciation
information from Br 1s XANES spectra (acquired
at beamline X23A2) to determine absolute concen-
trations of Brogand Brineg in chemically heteroge-
neous sediments.

This method provides a rigorous new approach to
the determination of organohalogen concentrations
in complex natural samples in situ. Robust, quan-
titative information about organohalogen fluxes in
soil and sediment systems will help complete the
description of natural halogen cycles, potentially
illuminating the sources and sinks of naturally

and industrially produced organohalogens in the
environment.
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Figure 2. Determination of Cl speciation and concentration
in NOM samples from Cl 1s XANES spectra. (A)
Unnormalized Cl 1s XANES spectra of pulverized oak
leaves at different stages of decay (a = least degraded; b =
more degraded; ¢ = most degraded). Arrows illustrate the
differences in absolute Cl fluorescence intensity among the
spectra. (B) Least-squares fit of background-subtracted,
normalized spectrum b with representative inorganic (x,
glycine-HCI), aliphatic (y, chlorodecane), and aromatic (z,
chlorophenol red) CI model compounds. Spectrum b data
are represented by circles and fit by the solid line; r is the
residual after the fit. Estimated Cl speciation by least-
squares fitting: a, 78% inorganic (284 ppm), 16% aromatic
(58 ppm), 6% aliphatic (22 ppm); b, 40% inorganic (56
ppm), 20% aromatic (29 ppm), 40% aliphatic (56 ppm);

¢, 16% inorganic (12 ppm), 42% aromatic (29 ppm), 42%
aliphatic (29 ppm).
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Iron, an essential element for most living organisms, is highly insoluble
at physiological pH, making it difficult for bacteria to acquire. In order
to obtain sufficient amounts of iron, bacteria have developed high af-
finity uptake systems. For the first time, interactions between two pro-
teins of the ferric hydroxymate uptake (Fhu) system are seen at atomic

Research

resolution. Crystals of a complex of outer membrane receptor FhuA

and its energizing partner, TonB, give us insights into the mechanism

James W. Coulton
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McGill University
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Bacteria, like most living organisms, need iron to
survive. Because of the low bioavailability of iron,
bacteria synthesize high-affinity, iron-chelating low
molecular weight compounds called siderophores
that form metal:siderophore conjugates.

The size of a metal:siderophore conjugate like
ferrichrome prohibits entry into the bacteria via
simple diffusion through porin-like channels.
Alternatively, bacteria have developed uptake
systems for these conjugates. We study the Ferric
Hydroxymate Uptake system (Fhu) that works as
follows (Figure 1): The outer membrane recep-
tor FhuA, a 22-strand B-barrel protein with a cork
domain, binds iron-bound ferrichrome. TonB that
has been energized by the ExbB/D cytoplasmic
membrane complex comes into contact with FhuA
and allows ferrichrome to pass into the periplas-
mic space. Once in that space, ferrichrome binds
to the protein FhuD that brings it to the FhuB/C

-
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by which E.coli acquires iron. Learning about this mechanism could
help in the development of targeted antibiotics.

complex, an ABC transporter that finally transports
it into the cytoplasm.

We first showed that upon binding of the ferri-
chrome-iron conjugate, a conformational change
is transmitted to the periplasmic side of FhuA,
resulting in the unwinding of a switch helix, thus
signaling the ligand-loaded status of the receptor
(Figure 2A,B). The next step involves the binding
of TonB to the FhuA receptor; however the molecu-
lar mechanism whereby this occurs was unknown.
By obtaining diffraction-quality crystals of a 1:1
FhuA:TonB complex and the use of synchrotron
radiation, we have been able to shed light on how
ferrichrome enters the periplasmic space.

The resulting crystal structure of this complex
reveals that residues from the FhuA Ton box form
a parallel B-interaction with the B3-strand of the
central B-sheet of the C-terminal domain of TonB
(Figure 2C). This interaction positions the highly
conserved TonB residue, Arg166, to contact FhuA
residue Glu56, which is also located in a con-
served motif. From this we are able to predict the
functional importance of this FhuA-TonB ionic
interaction.

What does the crystal structure of the FhuA-TonB
complex tell us about interactions of TonB with a
cognate OM receptor and the transport of metal-
chelated siderophore? From our structural data
combined with findings from previous studies,

we propose that the interprotein B-sheet formed
between the receptor Ton box, and the C-terminal
domain of TonB is required to position the TonB
helix close to the receptor cork domain. In the
FhuA-TonB structure, this results in TonB Arg166



forming an electrostatic interaction with FhuA Given its position proximal to the FhuA cork do-

cork residue Glu56. It was recently proposed that main, TonB Arg166 is positioned to mediate such
hydration of the cork domain may render it prone a mechanical shearing or pulling force to the cork
to disruption by TonB through transmission of a domain. This may result in cork disruption, allow-
relatively small force perpendicularly applied to it. ing siderophore translocation into the periplasm.

Figure 1. The Ferric Hydroxymate Uptake system (Fhu) Figure 2. Changes occurring at the periplasmic side of
FhuA. (A) Prior to iron-ferrichrome conjugate binding on
the FhuA receptor. (B) Unwinding of the switch helix upon
iron-ferrichrome conjugate binding. (C) Binding of the C-
Terminal domain of TonB to the FhuA conserved Ton box.
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Determining how a protein’s amino acid sequence specifies its struc-
ture and properties is a grand challenge for biology in the post-ge-
nomic era. Repeat proteins, composed of tandem arrays of a basic
structural motif, account for more than 5% of metazoan proteins in

the Swiss-Prot database. It is therefore surprising that the folding of
repeat proteins has been little studied, especially because their modu-
lar structures promise a more tractable folding problem than globular
proteins. Our approach has been to design a consensus tetratricopep-
tide repeat (CTPRa) and from this construct a series of proteins that
contain from two to 20 tandem copies of this repeat. We have shown
that the folding of this family of TPR proteins can be described and
predicted by the classical one-dimensional Ising model of statistical
mechanics, which thus represents a new folding paradigm for repeat

Applied Physics
Yale University
simon.mochrie@yale.edu

proteins.

We solved the x-ray crystal structure of the repeat
protein CTPRa8, which contains eight identical
TPR repeats, at 2.05A resolution, using single
wavelength anomalous diffraction data from cad-
mium. The structure of CTPRa8 (Figure 1) reveals
that each repeat is comprised of two helices,
which are arrayed to form a super helix. A key fea-
ture of CTPRa8, and of repeat proteins in general,
is that, in contrast to globular proteins, there are
no sequentially distant amino acid contacts. This
pattern of local contacts suggests that a theoreti-
cal description based on the classical one-dimen-
sional Ising model might be an appropriate way

to understand the folding/unfolding behavior of
repeat proteins, with the repeating units cast as
Ising spins.

How can we test this hypothesis? Because the
variation in behavior for different numbers of
coupled subunits is a textbook signature of col-
lective effects, the possibility of creating CTPRs
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in any multiplicity desired renders them an ideal
system in which to test this model of repeat
protein stability. Accordingly, we synthesized a
series of CTPRs, for which the number of helices
varied from 5 to 21. The stability of these proteins
as a function of guanidine hydrochloride (GuHCI)
concentration (GuHCI is an agent used to induce
protein unfolding) is shown in Figure 2. The rapid
change in each profile with increasing GuHCI con-
centration corresponds to the transition from the
folded to the unfolded state. The best fits of the
Ising model to these data are shown as the solid
lines in Figure 2. Clearly, the model provides an
excellent description of the folding/unfolding for all
of the proteins studied.

We believe that several aspects of this work are
particularly exciting. First, the Ising model is pre-
dictive: Because thermodynamic data from just two
different CTPRs in a series are sufficient to predict
the behavior of all additional CTPRs in that series,
we may view four of the model profiles in Figure 2
as predictions. These are the first examples of
successfully predicting the stabilities of proteins
and the shapes of their unfolding curves.

Second, the Ising model requires a new micro-
scopic picture: In the usual two-state transition,

a protein is essentially always completely folded
or completely unfolded with only brief transient
behavior. In contrast, the Ising description implies
that near the transition midpoint, partially folded
configurations occur with significant probability.

Finally, the structure of CTPRa8 reveals both of
the atomic details of an individual repeat, and the
arrangement of repeats in the superhelix, and thus



promises the possibility of being able to assign
the Ising model parameters to specific structural

elements. Re-designs are in progress to test such
ideas.

In a more general sense, beyond repeat proteins,
does the behavior of the CTPRa series tell us any-
thing about the folding of globular proteins? The
folding of several small, single-domain globular
proteins has been well-studied. As for individual
repeat proteins, their thermodynamic behavior can

Figure 1. Crystal structure of CTPRa8. (A) View
perpendicular to the superhelical axis. Each TPR repeat is

colored either red or blue. (B) View along the superhelical
axis.
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usually be well-described by the traditional two-
state model. However, in many cases, hydrogen-
exchange measurements reveal a richer free-ener-
gy landscape than simply two free-energy minima,
hinting that it may be sensible to envision each
element of secondary structure itself as a degree
of freedom that can be either folded or unfolded,
i.e. as an Ising spin. Such observations suggest
important similarities between the thermodynamics
of repeat proteins and globular proteins.
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Figure 2. Thermodynamics of CTPRa unfolding. Fraction
folded vs. [GuHCI] for CTPRa2 (squares), CTPRa3
(crosses), CTPRa4 (triangles), CTPRa6 (diamonds),
CTPRa8 (crosses), CTPRa10 (inverted triangles) in 50 mM
sodium phosphate, pH 6.5, 150 mM sodium chloride,

at -25 °C. Root-mean-square errors of 0.8 millidegrees
are smaller than the plotting symbols, except (when
transformed) for the fraction folded of CTPRa2 in (B).
Solid lines correspond to the best-fits to the predictions

of the one-dimensional N-spin Ising model. Analogously
to the Ising-Zimm-Bragg treatment of the polypeptide
helix-coil transition, our model ascribes a reduced stability
to the endmost helices, relative to those not at the end,

by incorporating interactions with ficticious down spins at
position 0 and N+1.
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Genes are commonly turned on or off by protein factors that respond
to cellular signals. The recent discovery of riboswitches proved that
RNA molecules also control genes by directly sensing the presence of
essential cellular metabolites. We determined the three-dimensional
structure of the most widespread riboswitch class bound to its target,
thiamine pyrophosphate, a co-enzyme derived from vitamin B1. These
findings reveal how riboswitch RNA folds to form a precise pocket for
its target and how a drug that kills bacteria tricks the riboswitch and
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RNA molecules, traditionally viewed as passive
messengers of genetic information, have surprised
researchers every few years with the discov-

ery of novel functions that they perform. Recent
studies have shown that some mRNAs - termed
riboswitches - can sense changes in the levels of
cellular metabolites and activate or repress genes
involved in the biosynthesis and transport of these
metabolites. Riboswitches are now recognized as
one of the major metabolite-controlling systems
that account for about 2% of genetic regulation in
bacteria and that respond to various metabolites
including co-enzymes, sugars, nucleotide bases,
amino acids, and cations.

Riboswitches typically consist of two parts: a
sensing region recognizing metabolites and an
expression platform carrying gene-expression sig-
nals. Metabolite binding causes alternative folding
in the sensing domain followed by conformational
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starves disease-causing organisms of this essential compound.

changes in the adjoining expression platform. This
structural re-organization of the riboswitch results
in the formation of specific structures that can
terminate mRNA synthesis or prevent protein bio-
synthesis (Figure 1). Remarkably, riboswitches do
not need protein co-factors for recognition of their
targets or for RNA folding. Though riboswitches
are made of only 4 nucleotides instead of 20 differ-
ent amino acids building the proteins, riboswitches
can choose their target molecules among very
similar metabolites as well as proteins do.

In order to understand how riboswitches recognize
their metabolite targets and regulate gene expres-
sion, we have determined the three-dimensional
structure of the complex between thiamine pyro-
phosphate (TPP) and its cognate E.coli riboswitch
at 2.05 A resolution. The TPP riboswitches are

the most widespread class of metabolite-sensing
RNAs and the only riboswitches found in all three
kingdoms of life. The structure shows that the ri-
boswitch consists of two large helical domains and
a short helix P1 connected by a junction (Figure
2). The helical domains are parallel and contact
each other by long-range tertiary interactions. TPP
binds the riboswitch in an extended conformation
and positions itself between and perpendicular

to the helical domains such that opposite ends of
TPP are bound to a specific RNA pocket. Notably,
TPP carries negatively charged phosphate groups
and the structure shows how RNA recruits posi-
tively charged metal ions to mediate otherwise
unfavorable electrostatic interactions. Similar to
purine riboswitches, TPP is largely enveloped in
the structure of the complex and, in agreement
with biochemical experiments, the TPP riboswitch
folds upon binding to TPP. However, discrimination



between TPP and related compounds is achieved
using a principle that is different from purine
riboswitches. Purine riboswitches distinguish be-
tween adenine and guanine ligands via formation
of Watson-Crick base pairs with either uridine or
cytosine nucleotides located in strategic positions
in the riboswitch. The TPP riboswitch, on the other
hand, can be considered as a molecular ruler
measuring the length of the ligand. Analogs of
TPP lacking one or both phosphates cannot reach
well into both binding pockets of the riboswitch.
According to biochemical experiments, they can-
not stabilize the metabolite-bound architecture

of the riboswitch, including the key helix P1, and
cannot effectively control gene expression. The

Figure 1. Schematic representation of the riboswitch’s
function exemplified by the thiamine pyrophosphate -
specific riboswitch, which represses the initiation of protein
biosynthesis in the presence of metabolite. The structural
elements of the metabolite-sensing domain are colored in
yellow, blue, green, and gray, and the expression platform
is in black. In the absence of metabolite, the metabolite-
sensing domain folds into the structure, which exposes

the initiation signal of protein synthesis (green asterisk),
thereby turning gene expression ‘ON’. In the presence of
metabolite (shown in red), the sensing domain folds into an
alternative structure and causes the formation of the hairpin
in the expression platform. As a result, the initiation signal
becomes engaged in base pairing (red asterisk) and cannot
function anymore, thereby shutting down gene expression,
and acting as an ‘OFF’ switch.

central part of TPP is not specifically recognized
by the riboswitch, and this observation explains
how the man-made TPP-like drug pyrithiamine
pyrophosphate, which differs from TPP in the
middle part, targets the riboswitch and down-regu-
lates expression of thiamine-related genes, thus
starving microbes of TPP. Given the important role
of riboswitches in various microorganisms and the
fact that riboswitches have not yet been detected
in the human genome, riboswitch structures
should enable researchers to employ rational drug
discovery strategies to create novel classes of
antimicrobial compounds that specifically target
riboswitches.

A

Thiamine pyrophosphate Pyrithiamine pyrophosphate

Figure 2. Structural models of a TPP riboswitch and its
ligands. (A) Chemical structures of the natural metabolite
TPP and the antimicrobial compound pyrithiamine
pyrophosphate; (B) Crystal structure of the TPP-bound
sensing domain from E.coli thiM gene in a ribbon
representation. Structural elements of riboswitch are
colored according to Figure 1: major helical domains are in
green and blue, helix P1 in orange and three-way junction
in gray. TPP and hydrated Mg cations are shown in red and
yellow, respectively.
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The mononuclear iron enzyme S-(2)-hydroxypropylphosphonic acid
epoxidase (HppE), from Streptomyces wedmorensis, uses O, to
catalyze the formation of the broad-spectrum antibiotic fosfomycin
(which inhibits bacterial cell-wall peptidoglycan biosynthesis) from
S-(2)-hydroxypropylphosphonic acid (S-HPP). The reaction is a
two-electron oxidation and is mechanistically atypical because it

is independent of any cofactor or co-substrate and results in the
incorporation of the hydroxyl oxygen of the substrate, rather than an
atom of O,, into the epoxide ring. The x-ray crystal structures of six
forms of HppE — apo-HppE, Fe(ll)-HppE, tris(hydroxymethyl)amino
methane-Co(ll)-HppE complex, S-HPP-Co(ll)-HppE complex, and two
S-HPP-Fe(ll)-HppE complexes — were solved using data collected in
part at the NSLS. The purpose was to gain insight into the mechanism
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Mononuclear non-heme iron enzymes use their
metal cofactor to activate dioxygen (O,) for dif-
ficult redox processes. One of these enzymes,
S-(2)-Hydroxypropylphosphonic acid epoxidase
(HppE), from Streptomyces wedmorensis (Figure
1, overall structure), employs its mononuclear iron
center and molecular oxygen for the two-electron
oxidation of S-(2)-hydroxypropylphosphonic acid
(S-HPP) to catalyze the formation of the antibiotic
(1R,2S)-(1,2-epoxypropyl)phosphonic acid (fos-
fomycin). This reaction is essentially a dehydro-
genation reaction (loss of hydrogen). In order to
balance the four-electron reduction of oxygen to
water, we have proposed a putative two-electron
reductant (or reductase). Fosfomycin is an un-
usual C-P-bond-containing epoxide that covalently
modifies UDP-GIcNAc enolpyruvyl transferase,
consequently inhibiting bacterial cell-wall peptido-
glycan biosynthesis and bacterial growth. Since it
accumulates in the kidneys and bladder, fosfo-
mycin has been used clinically for the treatment
of lower-urinary-tract infections. The structures

of the apo-HppE (metal-free), native Fe(ll)-HppE,
tris(hydroxymethyl)aminomethane (Tris)-Co(ll)-
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of this unique enzyme.

HppE complex, S-HPP-Co(ll)-HppE complex, and
two S-HPP-Fe(ll)-HppE complexes (form 1 and
form 2) were solved in order to better understand
the epoxidation mechanism of this enzyme. It is
interesting to note that the Tris molecules in the
Tris-Co(Il)-HppE structure result from the Tris buf-
fer used in the crystallization solution.

Selenomethionine (SeMet) derivatization was used
to obtain phase information for these protein struc-
tures. Initial experimental phases were determined
from an x-ray dataset of Tris-Co(ll)-SeMet-HppE
collected at the wavelength for the Se absorption
peak (0.9791 A) on NSLS beamline X26C. This
dataset was refined to 2.5 A in space group P6,22
and the resulting model was further refined against
a 1.8 A native Tris-Co(ll)-HppE dataset that was
obtained at 0.9791 A on Advanced Photon Source
beamline 8BM. All subsequent structures were
determined from these initial models.

The structures of S-HPP-Fe(ll)-HppE complexes
(form 1 and form 2) confirm the direct binding of
the substrate, S-HPP, to the iron and show the
existence of two binding modes, a monodentate
mode and a bidentate mode. These two modes
are explained by a two-step binding process: (i)
S-HPP first binds in a monodentate fashion via
the oxygen atom of the phosphonic acid group,
resulting in displacement of a water molecule; (ii)
The subsequent rotation of the substrate allows
for bidentate coordination of S-HPP to Fe(ll). A B-
hairpin-like structure, formed by B-strands 2 and 3,
acts as a cantilever that responds to the bidentate
positioning of the substrate and adopts a closed
catalytic conformation to cover the hydrophobic
portion of the substrate bound in the active site



(Figure 2). The negative charge on the substrate
is expected to enhance the reactivity of the diiron
center toward oxygen, a role that co-substrates
play in other mononuclear iron proteins. The ad-
dition of oxygen to the only open coordination site
on Fe(ll) of the bidentate-S-HPP complex appears
to occur through a very small channel created at
the interface of the a- and B- domains. Once O, is

Figure 1. Tetrameric structure of HppE.

Figure 2. A portion of the structure called the cantilever
(red) closes over the active site iron (brown) and substrate
(ball-and-stick).

bound, abstraction of the C1 hydrogen atom could
occur by a Fe(lV)-oxo intermediate (Scheme 1,
pathway A) or by a Fe(lll)-hydroperoxide inter-
mediate (Scheme 1, pathway B). This results

in the formation of a transient-substrate radical
intermediate that undergoes cyclization to yield
fosfomycin.
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Scheme 1. Possible reaction mechanisms for HppE.
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Alzheimer’s disease (AD) is the most common age-related neurode-
generative disease. It is characterized by the misfolding and plaque-
like accumulation of a naturally occurring protein, amyloid beta (AB)
in the brain. This misfolding process has been associated with the
binding of metal ions such as Fe, Cu, and Zn in vitro. In this work, the
secondary structure of the amyloid plaques in human AD brain tis-
sue was imaged in situ using synchrotron Fourier transform infrared
microspectroscopy (FTIRM). The results were correlated spatially with
the metal ion distribution in the identical tissue, as determined using
synchrotron x-ray fluorescence (XRF) microprobe. Results revealed
“hot spots” of accumulated Zn and Cu ions that were co-localized with
the elevated regions of B-sheet protein, suggesting that metal ions may
play a role in amyloid plaque formation in human Alzheimer’s disease.

Alzheimer’s disease (AD) is a progressive brain
disorder that gradually destroys a person’s
memory, ability to learn, reason, make judgments,
communicate, and carry out daily activities. The
brain in AD is characterized by the presence of
amyloid plaques, which consist of small deposits
of a peptide called amyloid B (AB). In vitro evi-
dence suggests that metal ions such as Cu, Zn,
Fe, and Mn may play a role in the misfolding of AR
in AD. However, the functions of these metal ions
and AB misfolding in the disease process are not
well understood. The overall aim of this research
is to obtain an in situ structural and mechanistic
picture of how metal ions in the brain are involved
in AB formation and plaque aggregation in AD.

In this work, thin cryosections (~10 um) of brain
tissue from patients with neuropathologically
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confirmed AD were studied. The locations of

the amyloid plaques were visualized by green
fluorescence using Thioflavin S staining and
epifluorescence microscopy (Figure 1B). FTIRM
carried out at NSLS beamline U10B showed that
the amyloid plaques had elevated B-sheet con-
tent, as demonstrated by a strong Amide | absor-
bance at 1625 cm-', which was different from the
FTIR spectrum of AB in vitro (Figure 2A). The
correlation image generated based on peak height
ratio of 1625 / 1657 cm-' (Figure 1C) revealed
that regions of elevated B-sheet content in the AD
tissue corresponded well with amyloid deposits as
identified by Thioflavin staining.

Using XRF microprobe at NSLS beamline X26A
and Advanced Photon Source beamline 13-ID,

we found that the background content of Ca, Fe,
Cu, and Zn in AD vs. control tissue were similar;
however the metal distribution in AD tissue was
not uniform. Specifically, “hot spots” of accumu-
lated Ca, Fe, Cu, and Zn ions were observed. The
SXRF images of Zn and Cu can be seen in Figure
1D and 1E, respectively. A strong spatial correla-
tion (r2 = 0.97) was found between the locations of
the Cu and Zn ions. The elevated Zn and Cu in the
“hot spot” is also evident in representative XRF
spectra (Figure 2B).

In order to correlate the misfolded amyloid protein
and metal distribution in the tissue, an RGB image
was generated with Zn content in red channel,
B-sheet protein content in the green channel, and
Cu content in the blue channel. Results revealed
the co-localization of Cu, Zn, and B-sheet protein
in the amyloid plaques in AD human tissue (Figure
1F). Neither plaques nor accumulated metal hot



spots were observed in control brain tissue.

In summary, these results provide increasing evi-
dence that the formation of amyloid plaques from
the AB peptide is associated with metal ions in

the brain. Here we show for the first time a direct

E

-
.

Figure 1. (A) Bright field and (B) Epifluorescence image
of human AD tissue stained with Thioflavin S. (C) Single
channel color FTIR correlation image of B-sheet protein
(green). (D) Single channel color SXRF microprobe image
of Zn (red). (E) Single channel color SXRF microprobe
image of Cu (blue). (F) The RGB correlation image.

strong spatial correlation between AD plaques and
metal ions in the brain, emphasizing the role of
metal ions in AD etiology. In the future, exploring
earlier stages of disease and in-situ probing metal-
protein binding will be of interest for understanding
the disease pathogenesis and mechanism.
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Figure 2. (A) Infrared spectra of Thioflavin-positive area
(red) and Thioflavin-negative area (blue) of AD tissue. For
comparison, the FTIR spectrum of purified AR peptide in
vitro is shown (green). (B) SXRF microprobe spectra from
Thioflavin-positive area (red) and Thioflavin-negative area
(black).
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Invasion of red blood cells by the malaria parasite Plasmodium falci-
parum marks the commencement of the clinical manifestation of the
disease. During invasion, erythrocyte binding antigen 175 (EBA-175), a
protein on the surface of the parasite, binds to glycophorin A (GpA) on
red blood cells. Of the several domains in EBA-175, region Il (RIl) is
necessary and sufficient for binding to GpA. We have solved the crys-
tal structures of RIl and RIl in complex with a sugar that contains the
essential components required for the binding of EBA-175 to GpA. This
study provides insight into the mechanism of erythrocyte binding and
invasion by the malaria parasite, and understanding this interaction will
aid in the development of drugs and vaccines.
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Malaria causes an estimated 300-500 million cas-
es and 1-3 million deaths annually, 80% of which
are in children under the age of five. There are
four species of malaria parasite, of which Plasmo-
dium falciparum is responsible for the majority of
deaths associated with the disease. Within 9-14
days after an organism is infected (via a mosquito
bite) the parasite has invaded the red blood cells,
breaking them down and resulting in the clinical
symptoms of the disease. Therefore, preventing
binding and invasion of the red blood cells by

the parasite would be critical in either prevent-
ing malaria (through vaccine design) or treating it
(through drug design).

Binding of the parasite to the red blood cells re-
quires the interaction between erythrocyte binding
antigen 175 (EBA-175), a protein on the surface
of the parasite, and the sugars of glycophorin A
(GpA) on the red blood cell. One domain of EBA-
175, region Il, has been found to be the essential
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component of the parasite required to bind GpA.
The structure of RIl shows that it is a dimer, and
that the two molecules interact extensively with
one another in an anti-parallel fashion resembling
a handshake. The dimer results in the formation of
two channels in the center of the molecule
(Figure 1).

To examine the binding interaction of RIl to GpA,
we cocrystallized RIl with the sugar o-2,3-sialyl-
lactose, which contains the essential components
of GpA required for binding to RIl. We found six
binding sites for the sugar to the RIl dimer, all of
which were located at the dimer interface (Figure
1). Using a cell-based binding assay, we mu-
tated RII at residues required for dimerization or
the observed sugar binding sites to confirm that
dimerization and sugar/RIl binding are essential
for red blood cell binding. These mutations were
expressed on the surface of COS cells (monkey
test cells) and we assayed for their ability to bind
normal human erythrocytes. All dimerization and
glycan-binding mutants had impaired erythrocyte-
binding ability, demonstrating the importance of
dimerization in erythrocyte binding and validating
the glycan binding sites.

Together these results allowed us to propose

a model for RIl binding to GpA (Figure 2). We
propose that the RIl domain of EBA-175, which
is present on the surface of the parasite, might
assemble around the GpA extracellular domains
of the red blood cells and that dimerization of
EBA-175 would occur upon receptor binding. The
GpA extracellular domains may either bind within
the channels or dock on the outer surface of RII,
feeding sugars into the channels. Binding of the



malaria parasite to the red blood cell triggers
many signaling pathways within the red blood cell.
Therefore, we propose that Rll-mediated dimeriza-
tion of EBA-175 may be the trigger for signaling
during invasion.

These structures have broad implications in help-
ing to model other erythrocyte-binding-like (EBL)
family members required for binding between

Figure 1. Crystal structure of RIl with sialyllactose. (A)

A ribbon representation of the dimeric structure of RII.

The monomers are shaded in different intensities and are
composed of two subdomains (green and purple), F1 and
F2. Two channels are created in the center of the molecule.
Glycan positions are shown in F - F_electron density

in red. (B) Close-up views of three of the glycan binding
sites — 1, 3 and 5, from left to right. Residues from both
monomers contact each glycan.

the parasite and red blood cells. Of particular
interest is the homologous protein PFEMP-1 that

is responsible for cytoadherence of the parasit-
ized red blood cells to the endothelium, resulting
in the most fatal form of malaria. Perhaps most
importantly, the structure, along with the functional
analysis, presents possibilities for drug and vac-
cine design.
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Figure 2. The P. falciparum membrane is shown on the top
and the erythrocyte membrane on the bottom. The receptor
binding domain of EBA-175, Rll, is shown as a surface
representation (green/purple denotes each sub-domain).
Blue lines represent portions of EBA-175 backbone not
included in the crystal structure. The receptor Glycophorin A
(GpA) is shown in red with the membrane-spanning region
in detail using the NMR structure and the extracellular
domain is drawn as a schematic flexible line. The glycans
of GpA, modeled based on the position of sialyllactose,

are shown as space-filling models in gold. In the left panel,
the RIl dimer assembles around the GpA dimer, with GpA
binding within the channels. An alternative model is shown
on the right, where the GpA monomers dock on the outer
surface of the protein, feeding glycans into the channels.
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Spontaneous changes to the covalent structure of DNA are a threat
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that living systems battle constantly. Repair of the resulting lesions

is initiated by enzymes known as DNA glycosylase enzymes, which
extrude damaged nucleosides from the helical stack, insert them into
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an extrahelical active site pocket, and catalyze cleavage of their gly-
cosidic bond. It is poorly understood how DNA glycosylases search the
genome to locate the exceeding rare sites of damage embedded in a

vast excess of normal DNA. Through the use of intermolecular disulfide
crosslinking and x-ray crystallography, we have trapped and charac-
terized in atomic detail the initial complex formed between a bacterial
8-oxoguanine (oxoG) DNA glycosylase, MutM, and undamaged DNA.
The structures represent the earliest stage of DNA interrogation by a
DNA glycosylase and suggest a kinetic mode of discriminating normal
nucleobases from damaged ones.

The oxidation of guanine by escaped intermedi-
ates in aerobic respiration generates 8-oxogua-
nine, a potent endogenous mutagen that causes
G:C to T:A transversion mutations. Repairing

this lesion is initiated by the 8-oxoguanine DNA
glycosylase, MutM in bacteria, and the structur-
ally unrelated OGG1 in eukaryotes. The mecha-
nistic and structural details of oxoG recognition
by MutM and human OGG1 (hOGG1) have been
studied exhaustively. Both enzymes bend DNA
drastically at the site of damage and extrude the
substrate oxoG from the helix into the extrahelical
enzyme active site; a similar strategy is used by
DNA glycosylases. In previous work, we reported
the use of intermolecular disulfide crosslinking
(DXL) to trap and then characterize a complex in
which hOGG1 was interrogating an undamaged
extrahelical guanine nucleobase in DNA. Here

we extend DXL technology to include crosslink
attachment to the DNA backbone, and we use this
chemistry to trap complexes of MutM with undam-
aged DNA having no extrahelical nucleobase. The
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trapping chemistry is based on proximity-directed
disulfide bond formation between backbone-modi-
fied DNA containing a disulfide linker attached via
a phosphoramidite linkage and a cysteine residue
engineered into the protein. Of the three different
positions we tested on MutM and DNA for cross-
linking, the Q166C/p6 combination emerged as the
one that underwent the most efficient crosslinking,
hence we chose this position for further structural
work. By varying the sequence of DNA and the po-
sition of crosslinking, we solved the structures of
three different complexes of MutM crosslinked to
undamaged DNA, namely interrogation complexes
1, 2, and 3 (IC1, IC2, and IC3, Figures 1, 2). The
structures of all the complexes reveal, for the

first time, a DNA glycosylase interrogating a fully
intrahelical base-paired duplex for damaged sites.
Although the base-pairing in the duplex is intact,
MutM severely bends the DNA and actively distorts
the interrogated base-pair (also referred to as the
sampled register) by inserting the aromatic ring of
Phe114 in the duplex, thereby severely buckling
the base-pair in question.

The sequence of the DNA in IC1 was designed to
unravel the details of MutM interrogating a G:C
base pair being crosslinked to p6. However, when
we solved the structure of IC1, it became clear
that instead of sampling the G:C base pair at posi-
tion 8 (the +2 register), MutM jumps by one base-
pair position along the duplex and instead samples
the A:T base pair at position 9 (register +3),
evincing enough flexibility allowed by the disulfide
crosslink to allow MutM to adopt the position of
choice (Figure 1). In an attempt to coax MutM to
sample a G:C base pair, we moved the crosslink-
ing position from p6 to p5. However, the structure



of the resulting complex revealed that MutM con-
tinues to sample the A:T base pair at position 9 at
the cost of inducing a pronounced distortion in the
DNA helical structure (not described in this work).
Next, by keeping the crosslinking position fixed

at p5 and switching bp8 to an A:T, the resulting
complex IC2 was found to adopt the same overall
conformation seen in IC1, except now sampling
the A:T base pair at position 8 (Figure 1). Thus,
MutM prefers to sample an A:T base pair over G:C
and the +3 sampling register over +2 or +4.

In IC1, IC2, and IC3, the target base pair is intact
but severely buckled, with Phe114 inserted deeply
into the helical stack on the 3’-side of the nucleo-
base targeted for extrusion. The structure differs
in other significant ways from that of MutM bound
to an extrahelical oxoG lesion (lesion-recognition
complex, or LRC). In the LRC, Arg112 occupies
part of the space vacated by the extruded oxoG
and makes specific interactions with the partner
C (Figure 2B). In the ICs, Arg112 curls down and
makes non-specific backbone contacts with the
DNA (Figure 2B). MutM makes numerous direct
contacts to the DNA phosphate backbone in the

A. OxoG-Recognition Complex

b

Protein
displacement

Figure 1. Schematic representation of Q166C MutM-DNA
complexes. (A) The MutM lesion-recognition complex (LRC)
used as the basis for the design of the crosslinking system.
(B — D) Interrogation complexes showing the positioning

of MutM over the DNA duplex, with the target base-pair in
aqua. The side-chain of the helix-probe residue Phe114 is
indicated. The numbering system for the base-pairs and
backbone phosphates is as indicated. The curved green
line denotes the thiol-bearing tether engaged in a crosslink
to Cys'®, Each blue box indicates the site of tether
attachment to DNA, the position of the target base-pair,
and the separation between them, here referred to as the
register. Dashed blue lines indicate the lack of order in the
oxoG-recognition loop.

LRC and a number of these contacts are replaced
by water-mediated contacts in the ICs. It has now
been shown by single-molecule studies that both
MutM and hOGG1 rapidly slide along DNA with a
low overall barrier for translocation from one base
pair to the next. Presumably these water mole-
cules play the role of “lubricating” the protein-DNA
interface to allow fast translocation of MutM along
undamaged DNA, as is required by a fast search
process. The fast search process coupled to the
severe distortion caused by the probe residue,
Phe114 (Figure 2B), suggests a kinetic mode of
discrimination between normal and damaged base
pairs where the distortion serves as a means for
enhancing selective extrusion of damaged bases.
Although structures of other DNA glycosylases
with undamaged DNA are not available, a survey
of existing structures of LRCs reveal a similar
probe residue, mostly aromatic in nature, involved
in severe local distortion of DNA by the disrup-
tion of local helical -stacking. Thus, DNA inter-
rogation by an intercalating probe residue akin to
Phe114 may be a general strategy employed by
diverse DNA glycosylases in their search for le-
sions in the genome.

Lesion-recognition complex Interrogation complex 3

Figure 2. Comparison of the lesion recognition complex
with interrogation complex 3. (A) Overall structures of the
complexes. (B) Close-up view of key interactions between
the target base-pair and MutM. The protein backbone is in
a crimson ribbon representation, with the side-chain of key
residues shown in green. The DNAis in gold. The target
base-pair is shown with a box in (A) and is colored aqua in

B)
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During development, neurons are guided to their final targets by ex-
ternal cues. MICAL, a large multidomain cytosolic protein, is a down-

stream signaling molecule required for repulsive axon guidance. We
have determined the structure of the N-terminal FAD-binding domain
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of MICAL to 2.0 A resolution. This structure shows that MICAL,is

structurally similar to aromatic hydroxylases and amine oxidases. We
obtained biochemical data that show that MICAL , is a flavoenzyme

L.M. Amzel

Department of Biophysics and
Biophysical Chemistry

Johns Hopkins University School of
Medicine
mario@neruda.med.jhmi.edu

Neurons are required to make path-finding deci-
sions throughout their development and are
guided to their final targets by a variety of environ-
mental cues. Semaphorins are a family of guid-
ance molecules that act as repellents in a variety
of axon development processes. Repulsive guid-
ance by Semaphorins is mediated through their
interaction with Plexins, a family of transmem-
brane receptors. Biochemical and genetic analysis
indicates that a large multi-domain cytosolic
protein, MICAL (Molecule Interacting with Cas-
L), is required for the repulsive axon guidance
mediated by the interaction of Semaphorins and
Plexins. MICAL proteins contain a large amino-
terminal FAD-binding domain (MICAL ), followed
by a series of protein-protein binding domains.
MICAL,, is of great interest since it offers a novel
link between redox reactions and an axon guid-
ance response. Using x-ray crystallography, we
determined the structure of murine MICAL1 FAD-
binding domain, MICAL,, (Figure 1).

Authors (from left) L.M. Amzel, S.B. Gabelli, M.A. Bianchet,
and M. Nadella
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that, in the presence of NADPH, reduces molecular oxygen to H,O,.
We propose that the H,0, produced by this reaction may be one of the
signaling molecules involved in axon guidance by MICAL.

MICAL,, is a mixed a/B globular protein that con-
tains a Rossmann B-a-B fold, two conserved FAD-
binding motifs, and a third conserved sequence
motif. The first conserved GXGXXG dinucleotide
binding motif resides within the Rossman fold. The
second conserved GD motif has been observed

in flavoprotein hydroxylases and forms part of a
strand and a helix. A search of known structures
reveals that the MICAL , protein is most similar to
aromatic hydroxylases, especially the p-hydroxy-
benzoate hydroxylase (pHBH) from P. fluorescens
(rms 1.79 A for 199 out of 484 aligned a-Carbons).
The strong structural similarity of MICAL, to PHBH
suggests that the two proteins might have similar
enzymatic activities. Since purified MICAL , con-
tains oxidized FAD, reduction of the cofactor was
tested using either NADH (nicotinamide adenine
dinucleotide) or NADPH (nicotinamide adenine di-
nucleotide phosphate). Although no net reduction
of the FAD was detected, a steady, time-depen-
dent oxidation of reduced nicotinamide dinucleo-
tide was observed (Figure 2). This observation
suggested that enzyme-bound FADH, was formed
but was then reoxidized by oxygen. The resulting
production of H,0, was confirmed by monitoring
its formation with horseradish peroxidase in a
coupled spectrophotometric assay (Figure 2). The
rate of the reaction is over 10 times faster with
200 uM NADPH than with 200 yM NADH, suggest-
ing that MICAL is probably an NADPH-dependent
enzyme.

The observation of this enzymatic activity can be
explained by one of three cases. First, H,0, is
the physiological product of the enzyme and is a
component of the avoidance signal. Second, as
with other FAD hydroxylases, in the absence of



substrate the hydroperoxide form of the enzyme
(the MICAL -FADH-O,H intermediate) decom-
poses, producing hydrogen peroxide and oxidized
enzyme-bound FAD (Scheme 1).

Third, the enzyme may actually be an amine
oxidase in which the FADH, is reoxidized by mo-
lecular oxygen, and the reduction by NADPH is a
fortuitous, non-specific reaction. Although this last
case is unlikely, discrimination among these pos-

Figure 1. Ribbon representation of the tertiary structure
of MICAL,,. MICAL,, is a mixed o/ globular protein
composed of two sub-domains of different sizes linked

by two B-strands. Subdomain-1 is colored in magenta

and subdomain-2 is colored in light blue. The observed
FAD molecule is colored in yellow. The large sub-domain
(subdomain-1; residues 1 to 226 and 373 to 484) contains
the two known FAD sequence motifs (residues 84 to 114
and 386 to 416) and a third conserved motif typically found
in hydroxylases (residues 212 to 225). The first motif is
part of a Rossmann B-a- fold (31-a5-B2 in MICAL, ). This
is a sequence commonly found in FAD and NAD(P)H-
dependent oxidoreductases. The second motif, which
contains a conserved GD sequence in hydroxylases,
forms part of a strand and a helix. In MICAL ; this second
conserved sequence makes contacts with the ribose
moiety of FAD.

sibilities requires further experimentation.

The synthesis of a specific metabolite and the
production of reactive oxygen species have been
previously proposed as possible mechanisms of
MICAL signaling. We have shown here that the
FAD-binding domain of MICAL can generate at
least the second kind of signals: MICAL reduces
molecular oxygen using NADPH to produce H,O,.
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Figure 2. Kinetics of NADPH oxidation and H,O,
production. The absorbance peak at 340 nm is
characteristic of reduced NAPDH and the peak at 560

nm the concentration of H,0,. The experiment ran for five
minutes after the addition of the enzyme. The inset shows
the initial rates as a function of NADPH concentration.
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CRYSTAL STRUCTURES OF CATALYTIC COMPLEXES OF
THE OXIDATIVE DNA/RNA REPAIR ENZYME AlkB
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AIkB is a protein whose role in DNA repair has only recently been elu-
cidated. Identified as a member of the Fe(ll)-2-oxoglutarate-dependent
digoxygease superfamily, AlkB directly converts alkylated DNA and
RNA bases back into their original form. The preferred substrates of
AlkB are based-modified by Sn2-type alkylating agents, like busulfan,
an anti-cancer drug widely used in the treatment of chronic myeloge-
nous leukemia. Here we describe the crystal structure of substrate and
product complexes of E. coli AlkB. Anaerobic crystallization conditions
were used to obtain structures from a protein construct optimized for
crystallization based on high-resolution backbone amide '"H/?H ex-
change measurements.

Columbia University
ifhunt@biology.columbia.edu

Enzymes in the Fe(ll)-2-oxoglutarate-dependant
digoxygenase superfamily use molecular oxygen,
Fe(ll), and the decarboxylation of 2-oxoglutarate
(20G) to generate succinate and CO, while oxidiz-
ing organic substrates. This superfamily makes
up the largest class of non-heme iron-contain-

ing enzymes and is responsible for such diverse
biological reactions as the synthesis of some
antibiotics and plant metabolites, the hydroxyl-
ation of collagen, and the regulation of hypoxia.

In the reaction catalyzed by AIkB, a methyl adduct
on a nucleotide base is converted to an unstable
hydroxymethyl moiety that is spontaneously re-
leased as formaldehyde to regenerate the original
unmethylated base. Several AlkB substrates have
been identified: 1-methyladenine, 3-methylcyto-
sine, 1-methylguanine, and 3-methylthymine. E.
coli AIkB has also been demonstrated to remove
ethyl, propyl, and exocyclic etheno adducts. The
substrates for AIkB are generated by S, 2 (sub-
stitution, nucleophilic, bimolecular) alkylating
reagents preferentially in single-stranded DNA and
RNA. However, AlkB has been shown to demeth-
ylate these bases in both single-stranded and
double-stranded nucleic acid polymers as well as
in DNA/RNA hybrids.

Authors John Hunt and Bomina Yu
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The accumulation of DNA lesions caused by alkyl
modifications to nucleic acids is associated with
the development of aging, cancer, and neurode-
generative diseases. However, these same DNA
modifiers are widely used as chemotherapeutic
drugs for the treatment of cancer. Consequently,
a thorough knowledge of how DNA repair mecha-
nisms work could benefit both cancer therapy

and prevention. Understanding how AlkB repairs
different nucleic acid bases requires the detailed
characterization of how substrates are recognized
and bound in the active site. However, initial at-
tempts to crystallize full-length E. coli AIkB proved
unsuccessful. High-resolution backbone amide
'H/?H (H/D) exchange measurements showed that
the N-terminus of E. coli AIkB is conformationally
flexible. When repeated in the presence of iron
and substrates, other internal regions of the pro-
tein backbone became significantly more protected
against H/D exchange, implying that the presence
of the ligands stabilized the structure. A new con-
struct lacking the first 11 amino acids (AIkB-AN11)
was created. Crystallization trials were performed
in the presence of Fe(ll), 20G, and a model meth-
ylated trimer [dT-(1-me-dA)-dT] under anaerobic
conditions since the presence of oxygen would
cause enzyme turnover. This new N-terminally
truncated AlkB produced high-quality crystals un-
der these conditions. Crystals obtained anaerobi-
cally were exposed to atmospheric oxygen over a
number of days to capture the enzymatic reaction
in progress.

The resulting crystal structures of E. coli AIkB offer
insights into the DNA repair mechanism catalyzed
not only by AIkB but by Fe-20G dioxygenases in
general. Although the Fe-20G dioxygenase core



of AlkB-AN11 matches that in other superfamily
members, a unique, conformationally flexible sub-
domain holds a methylated trinucleotide substrate
into the active site. This subdomain corresponds
to that region protected by H/D exchange in the
presence of ligands. The flexibility of this “lid”
may enable docking of diverse alkylated nucleo-
tide substrates into the active site. The observed
open and closed states of a tunnel (Figure 1) in
different crystal structures provide further evi-

dence for a putative O, diffusion pathway that has
been suggested for other superfamily members.
Furthermore, we found that exposing crystals

of the anaerobic Michaelis complex to air yields
partial oxidation of 20G to succinate (Figure 2),
supporting the theory that oxygen binds to the iron
ion, which then moves or rotates to catalyze the
dealkylation reaction.

Figure 1. Stereo pairs showing cavities near the active

site in (A) the structure of the anaerobic Michaelis complex
after 2 h of exposure to air and (B) the substrate complex
with Fe(ll) replaced by Co(ll) and in which the putative
O,-diffusion tunnel is closed. The molecular surface of the
protein is colored according to the subdomain of origin
(with the nucleotide-recognition lid in blue and the catalytic
core in green). The sidechain of trp-178 is shown in the
different conformations observed in these two structures,
which exhibit the greatest variation in the structure of the
O,-diffusion tunnel among the 7 crystal structures reported
in our paper. Trp-178 has been reported to be hydroxylated
by AIkB in the absence of nucleotide substrate, although no
evidence of this modification is observed in the any of these
refined crystal structures.

Figure 2. Stereo pair showing active site stereochemistry
in the crystal structure in which the anaerobic Micheaelis
complex was exposed to oxygen for 2 h. Unbiased electron
density maps support the conclusion that a significant
amount of the 20G has been oxidized to succinate but that
the adenine base remains largely methylated after short-
term in situ oxidation. The alternative ligands are shown in
semi-transparent rendering with the degree of transparency
scaled according to refined occupancy.
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CRYSTAL STRUCTURE OF HUMAN ARGINASE | AT 1.29
A RESOLUTION AND EXPLORATION OF INHIBITION IN
THE IMMUNE RESPONSE
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Human arginase I, an enzyme critical to the urea cycle, is a potential
drug target for diseases linked to compromised L-arginine homeosta-
sis. Here, we report high-affinity binding of the boronic acid-based
inhibitors “ABH” and “BEC” to human arginase I. The 1.29 A resolution
structure of the complex with ABH yields an unprecedented view of
arginase I’s binuclear manganese cluster and illuminates the structural
basis for nanomolar enzyme-inhibitor affinity. This work serves as a
foundation for studying the structural and chemical biology of arginase

chris@sas.upenn.edu

I in the immune response, and we demonstrate the inhibition of argi-

nase activity by ABH in human and murine myeloid cells (blood cells).

Arginase is a trimeric binuclear manganese
metalloenzyme that catalyzes the hydrolysis of
the amino acid L-arginine to form L-ornithine and
urea. Two arginase isozymes have been identi-
fied in mammals: cytosolic arginase |, which is
responsible for the nitrogen-elimination step of the
urea cycle, and mitochondrial arginase I, which
functions in L-arginine homeostasis. Significantly,
arginase inhibitors can enhance NO-dependent
biological processes such as smooth muscle
relaxation, so arginase is a potential drug target
for diseases characterized by insufficient NO flux
in biological signaling pathways. Most recently,
our laboratory has determined that arginase is a
potential drug target for the treatment of male and
female sexual arousal disorders. Arginase also
plays a role in mediating the effects of nitric oxide
in the immune response. Notably, macrophage
arginase | and NO synthase are reciprocally

Authors Luigi Di Constanzo and David
Christianson
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regulated at the level of transcription: NO syn-
thase is induced by TH1 cytokines, and arginase

| is induced by TH2 cytokines. As a modulator of
NO-dependent macrophage cytotoxicity, arginase |
is implicated in the suppression of the tumoricidal
activity of macrophages and T cells. In a murine
model of multiple sclerosis, arginase | expression
is up-regulated approximately 300-fold. Adminis-
tration of the arginase inhibitor ABH improves the
symptoms of the disease.

In the current study, we demonstrate that the
boronic acid substrate analogues ABH and BEC
(Figure 1) are highly potent inhibitors of hu-

man arginase |, with K, values of 5 and 270 nM,
respectively. Therefore, ABH and BEC may be
potentially useful for blocking tumor-cell growth or
treating multiple sclerosis in humans. Analysis of
the high-resolution structures of human arginase

| complexed with ABH and BEC reveals that the
boronic acid moiety of each inhibitor undergoes a
nucleophilic attack to bind as tetrahedral boronate
anion (Figure 2). This binding mode mimics that
expected for the actual tetrahedral intermediate
and its flanking transition states in catalysis. Thus,
boronic acid inhibitors such as ABH and BEC are
reactive substrate analogues that are chemically
transformed into transition state analogues in the
enzyme active site. Such reactive substrate ana-
logues are informally known as “reaction coordi-
nate analogues.”

Nanomolar affinity is a consequence of strong
boronate-manganese coordination interactions
as well as hydrogen-bond networks between
the enzyme and the a-carboxylate and a-amino
groups of the inhibitor, as illustrated for BEC in



Figure 3. In catalysis, this array of intermolecu-
lar interactions ensures specificity for L-arginine
and disfavors binding and catalysis for L-arginine
analogues bearing modified a-substituents. These
structure-affinity relationships are important to

OH OH
H3N+ é & /\/é
\‘/\/\/ “oH s “oH
co, co,
ABH BEC
Figure 1. Human arginase inhibitors S-(2-boronethyl)-

L-cysteine (BEC, K, = 270 nM) and 2(S)-amino-6-
boronhexanoic acid (ABH, K, = 5.0 nM).
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Figure 3. Summary of intermolecular interactions in the
human arginase I-BEC complex.

consider as arginase | is explored as a potential
target for new therapies directed toward inflamma-
tory and immunological disorders, and especially
so as boronic acid-based inhibitors ultimately join
the growing family of enzyme-targeted drugs.

Figure 2. Complex between human arginase | and the
reactive substrate analogue inhibitor S-(2-boronethyl)-
L-cysteine (BEC). The inhibitor binds as the tetrahedral
boronate anion (green). Coordination interactions with
the binuclear manganese cluster (magenta) spheres are
indicated by green dotted lines.
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We have determined the crystal structures of the regulatory domain

of response regulator PhoB (PhoB,) in its inactive and active forms,
which suggest its mechanism of phosphorylation-mediated regula-
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tion. The structure of active PhoB,, together with the structure of the
effector domain bound to DNA, define the conformation of the active

transcription factor in which the regulatory domains dimerize using
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Response regulators function within two-compo-
nent systems, signal transduction pathways that
are highly prevalent in bacteria. They are modular
switches typically comprised of a conserved regu-
latory domain that regulates the activities of an
associated effector domain in a phosphorylation-
dependent manner. They confer virulence and an-
tibiotic resistance in several pathogenic bacteria,
making them attractive drug targets. The majority
of response regulators function as transcription
factors, and the OmpR/PhoB family is the largest
among them.

Phosphorylation at the active-site aspartate resi-
due in the regulatory domain leads to a propa-
gated conformational change from the active site
to a distant “functional face” of the protein through
the concerted reorientation of a few key residues.
How this conformational change in the regulatory
domain affects the activity of the effector domain
in the OmpR/PhoB family is unknown. In the two
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rotational symmetry while the effector domains bind to DNA tandemly,
implying a lack of intra-molecular interactions. While this active DNA-
bound state seems common to all members of the family, the mode of
dimerization in the inactive state seems specific to PhoB.

published structures of full-length family members
DrrB and DrrD, the recognition helix is completely
exposed, unhindered by the regulatory domain,
suggesting that the mechanism of activation is not
intra-molecular relief of steric inhibition. We pres-
ent crystallographic and solution NMR data that
suggest a mechanism of activation for PhoB, and
we extend it to other members of the family.

The regulatory domain of PhoB shows distinct
rotationally symmetric dimers in the inactive and
active states when crystallized under identical
conditions. In the inactive state, PhoB crystallizes
as a two-fold symmetric dimer using the a1-05
interface. The symmetry was confirmed in solu-
tion using NMR. Concentration-dependent shifts
of resonances in NMR experiments and analyti-
cal ultracentrifugation studies show that inactive
PhoB, exists in equilibrium between a monomer
and a dimer in solution. When the structure of the
effector domain is docked on the structure of the
inactive PhoB, dimer using either DrrD or DrrB as
a model, the effector domains project in opposite
directions, in an orientation incompatible with
tandem binding to direct repeat DNA sequences.
This alternate dimer is not observed for any other
OmpR/PhoB family member and may be a specific
feature of PhoB that provides an additional means
of regulation.

PhoB, was also crystallized in the active state us-
ing the non-covalent beryllium fluoride (BeF,)
complex as a phosphoryl analog. In the active
state, PhoB, forms a two-fold symmetric dimer
using the a4-B5-05 interface. The symmetry was
confirmed in solution using NMR. The dimer in-
terface is composed of highly conserved residues



that form a central hydrophobic patch surrounded symmetries adopted by the regulatory and effec-

by salt-bridges. The structure of active PhoB,, tor domains suggest that activation causes a loss
together with the previously solved structure of of intra-molecular orientational constraints on the
the effector domain bound to DNA, provides a effector domains. The high degree of conservation
model of the active transcription factor in which of the a4-B5-05 interface and a number of other
the regulatory domains dimerize with rotational similar structures from this family suggest that this
symmetry while the effector domains bind to DNA mode of dimerization is common to all members of
using tandem symmetry (Figure 1). The different the OmpR/PhoB family.

ol

Figure 1. Model of phosphorylation-mediated activation for
transcription factor PhoB

2-83




X12C

K. Ye and D.J. Patel, "RNA
Silencing Suppressor p21 of Beet
Yellows Virus Forms an RNA Bind-
ing Octameric Ring Structure,"
Structure, 13, 1375-1384 (2005).

The Abby Rockefeller Mauze
Trust; The Dewitt Wallace and
Maloris Foundations

Kegiong Ye

National Institute of Biological
Sciences, Beijing
yekegiong@nibs.ac.cnio@nerud

RNA SILENCING SUPPRESSOR P21 ADOPTS AN
UNUSUAL siRNA-BINDING OCTAMERIC RING
ARCHITECTURE
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In plants, RNA silencing functions as an innate defense mechanism
against virus infection, where viral RNA strands are degraded by an
RNA-guided mechanism. Many plant viruses counter-attack by ex-
pressing proteins to inhibit this defense pathway. The p21 protein, a
RNA silencing suppressor in Beet yellows virus, seems to function by
binding siRNAs, a critical mediator in the process. The crystal structure
of p21 reveals an octameric ring architecture involving a new mode of
protein oligomerization. Putative RNA binding sites inside the ring are
suggested by the structure. In addition, biochemical assays show that
p21 binds various RNAs besides the siRNA duplex, suggesting the
existence of an alternative suppression mechanism.

Unlike animals, plants have no immune system,
yet they are still able to recover from virus infec-
tion and even acquire resistance. This is because
plants have other innate defense mechanisms.
RNA silencing, one of the available plant defense
mechanisms, targets viral RNA for destruction.
Double-stranded RNAs generated during viral
replication can be perceived as a signal of virus
infection by the plant host and diced into smaller
fragments, called small interfering RNAs (siR-
NAs). These siRNAs, consisting of duplexes of

21 nucleotides in length, are critical mediators in
the silencing process. The siRNAs assemble with
effector nucleases and instruct them to specifically
cleave viral RNAs, thereby thwarting the prolifera-
tion and propagation of the virus. On the other
hand, viruses need to evade or suppress this
defense in order to survive and propagate. Studies
have shown that many plant viruses do possess
evolved weapons for counter-defense. The p21
protein is an RNA silencing suppressor recently
discovered in Beet yellows virus. Because of its
siRNA binding ability, p21 is thought to inhibit the
silencing process by inactivating siRNA. To under-

Keqiong Ye
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stand the function and mechanism of p21, we have
determined its crystal structure in its free state,
thereby revealing a surprising viral-engineered
scaffold used in binding siRNA.

The structure of the p21 monomer is comprised
entirely of a-helices and folded into amino-termi-
nal (NTD) and carboxy-terminal (CTD) domains
(Figure 1B). But at the higher structural level, p21
forms an octameric ring, which adopts a previ-
ously unknown topology (Figure 1A). Normally,
protein ring structures are formed by a single type
of asymmetric (involving a different part of the
protein, head-to-tail) association process between
adjacent subunits. In stark contrast, the eight p21
monomer subunits associate through two types of
symmetric alignments, namely via a head-to-head
(NTD-NTD) and tail-to-tail (CTD-CTD) associa-
tion. This structure represents a new theme in

the cyclic oligomerization of proteins. Figure 1C
compares the topology of p21 and other common
ring structures.

To search for the RNA binding site, we noticed
that several basic residues, exposed within the
inner surface of the ring, are highly conserved
among p21 homologs, suggesting that they might
be involved in RNA binding through electrostatic
interactions with negatively charged phosphates in
RNA (Figure 2). In addition, the large inner cavity
of the ring (~90 A in diameter) provides enough
space for RNA binding.

The structure of p21 differs significantly from a
previously characterized suppressor, p19 from
tombusvirus, which is dimeric and strictly recog-
nizes an siRNA duplex of specific length. These



structural differences suggest that their RNA
binding mechanisms might also be different.
Indeed, biochemical analysis showed that p21 is
a general nucleic acid binding protein, interacting
with 21-nt or longer single- and double-stranded

Figure 1. Crystal structure of p21. (A) The entire octameric
ring. Neighboring monomers are alternatively colored

with green and red. (B) Structure of the p21 monomer,
which consists of two domains. (C) Ring topology of p21
(left panel) compared with other common hexameric ring
scaffolds as an example (right panel). Each p21 monomer,
colored the same as in (A), is represented by a rectangle
(NTD) and an ellipse (CTD).
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Figure 3. RNA-binding assay of p21 showing that p21
forms complexes with various RNAs. Individual RNAs
migrate slower in the native gel after forming protein
complex (RNP).

p21 ring topology Gommon ring topology

RNAs (Figure 3). Because RNA silencing involves
various types of RNA, it is possible that p21 might
suppress RNA silencing by interacting with RNAs
besides siRNA.

Figure 2. A putative RNA-binding surface inside the ring,
which is (A) positively charged and (B) clustered with
several conserved residues.
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During DNA replication, two complementary DNA strands are sepa-
rated and each becomes a template for the synthesis of a new comple-
mentary strand. Strand separation is mediated by a helicase enzyme, a
molecular machine that uses the energy derived from ATP-hydrolysis to
separate DNA strands while moving along the DNA. We determined a
crystal structure of a viral replicative helicase bound to single-stranded
DNA and nucleotide molecules at the ATP-binding sites. This structure
demonstrates that a single strand of DNA passes through the hexamer
channel and that the DNA-binding hairpins of each subunit collectively
form a spiral staircase that sequentially tracks the DNA backbone. It
also demonstrates a correlation between the height of each DNA-bind-
ing hairpin in the staircase and the ATP-binding configuration, suggest-

ing a straightforward mechanism for DNA translocation.

Papillomaviruses are tumor viruses that cause
benign and cancerous lesions in their host. Rep-
lication of papillomaviral DNA within a host cell
requires the viral E1 protein, a multifunctional
protein. E1 initially participates in recognizing

a specific replication origin DNA sequence as a
dimer with E2, another viral protein. Subsequently,
further E1 molecules are assembled at the replica-
tion origin until two hexamers are established.
These hexamers are the active helicases that
operate bidirectionally in the replication of the
viral DNA. In order to unwind DNA, helicases must
separate the two strands while moving along, or
translocating on the DNA. Based on structures of
the DNA-binding domain of E1 bound to DNA that
we determined a few years ago, we suggested a
mechanism for DNA strand separation. However,
the mechanism that couples the ATP cycle to DNA
translocation has been unclear. The E1 hexameric
helicase adopts a ring shape with a prominent
central channel that has been presumed to encir-
cle substrate DNA during the unwinding process,
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but the atomic details of this binding have been
uncertain, including whether the ring encircles one
or both strands of DNA during unwinding.

Our crystal structure of the E1 hexameric heli-
case bound to single-stranded DNA (Figure 1)
demonstrates that only one strand of DNA passes
through the central channel and reveals the de-
tails of the non-specific binding (Figure 2). The
B-hairpins (DNA-binding hairpins) of each subunit
sequentially track the sugar-phosphate back-
bone of the DNA in a one nucleotide per subunit
increment. This configuration resembles a spiral
staircase (Figure 2).

ATP-binding (and hydrolysis) sites are located

at the subunit interfaces, and multiple configura-
tions are observed within the hexamer. These
have been assigned as ATP-type, ADP-type, and
apo-type. The configuration of the site for a given
subunit correlates with the relative height of its
DNA-binding hairpin in the staircase arrangement.
The subunits that adopt an ATP-type configura-
tion place their hairpins at the top of the staircase
while the hairpins of apo-type subunits occupy the
bottom positions of the staircase. The hairpins of
the ADP-type subunits are placed at intermediate
positions.

A straightforward “coordinated escort” DNA-trans-
location mechanism is inferred from the staircased
DNA-binding and its correlation with the configura-
tion at the ATP-binding sites. Each DNA-binding
hairpin maintains continuous contact with one
unique nucleotide of ssDNA and migrates down-
ward via ATP-hydrolysis and subsequent ADP-
release at the subunit interfaces. ATP-hydrolysis



occurs between subunits located toward the top of
the staircase, while ADP-release occurs between
subunits located toward the bottom of the stair-
case. The hairpin at the bottom of the staircase
releases its associated ssDNA phosphate to con-
clude its voyage through the hexameric channel.
Upon binding a new ATP molecule, this subunit
moves to the top of the staircase to pick up the
next available ssDNA phosphate, initiating its

Figure 1. Views of the E1 hexamer parallel and
perpendicular to the central channel with indidual subunits
are color-coded. Single-stranded DNA is bound discretely
within the chanel, and nucleotides are present at the
subunit interfaces.

escorted journey through the channel and repeat-
ing the process. For one full cycle of the hex-
amer, each subunit hydrolyzes one ATP molecule,
releases one ADP molecule, and translocates one
nucleotide of DNA through the interior channel.

A full cycle, therefore, translocates 6 nucleotides
with associated hydrolysis of 6 ATPs and release
of 6 ADPs.

Figure 2. Details of DNA coordination viewed (A) parallel
and (B) perpendicular to the hexamer channel and (C) a
cartoon depicting the “coordinated escort” mechanism for
DNA translocation.
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Cerium oxide has been widely investigated as a key component in
catalysts and as an electrolyte for solid oxide fuel cells because of its
ability to release or store oxygen when in its cubic fluorite structure.
This property, which is the alleged source of the oxygen storage
capacity (OSC) of ceria, is much enhanced by a large surface area and
a small particle size. However, at high temperatures, ceria particles are
coarsened, resulting in a smaller total surface area and a lower catalyt-
ic efficiency. Alloying with other metal oxides, particularly zirconia, can
halt this coarsening process. However, the zirconia content for most
effective catalysis will cause the binary oxide in micron-sized particles
to contain a substantial amount of tetragonal phase that does not have
the OSC properties, In our study, nanoparticles of ceria-zirconia were
found to have a stable cubic fluorite phase despite what was predicted

sc174@columbia.edu

by the normal “bulk” phase diagram. Furthermore, we proved that a

reducing environment stabilizes the cubic phase to 90% zirconia.

Cerium oxide in the cubic fluorite structure has been
widely investigated because of its multiple applica-
tions, such as catalyst and electrolyte material of
solid oxide fuel cells. In particular, the structural
properties of binary oxide system of ceria and
zirconia (Ce0,-Zr0O,) are extensively studied
because it retains the superb redox and oxygen
storage capacity (OSC) properties, and prevents
thermal instability against coarsening of CeO,,.
However, its various phases have not been
discussed in detail, particularly with crystallite
size. In this study, we aimed to investigate the
structural properties of its nanoparticles for phase
information. Specifically, we aimed to address
two areas: First, we looked for methods that can
stabilize the ¢’ phase for a higher zirconia concen-
tration to lessen particle coarsening. Second, we
ascertained the extent to which particle size af-
fects phase stability. This has a significant impact
on catalysis.
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Phase information of ceria—zirconia nanoparticles
observed in air is studied by x-ray diffraction,
transmission electron microscopy, and Raman
spectroscopy. Particle size and composition are
varied. Both the metastable tetragonal t’ phase
and the monoclinic m phase are not observed.
The nanoscale of the particles likely stabilizes the
tetragonal t phase against the formation of the
monoclinic phase even at 100% zirconia. As the
particle size decreases, both the c-t” and the c’-t
phase boundaries shift to higher zirconia con-
centrations. The zirconia solubility limit increases
with decreasing particle size such that the ¢ and t”
phases can be sustained at higher concentrations
of zirconia before the corresponding formation of
the t” and t phases. Raman scattering and XRD
results are consistent in determining the emerging
compositions of the t phase in the 1200° and the
800°C samples. The nanoparticles show different
phases from those of the bulk in the CeO,~ZrO,
binary system. Nanoparticles of 20 nm and smaller
having 35%-40% zirconia in ceria are 100% ¢’ and
stable against coarsening. The t” phase also likely
contributes to OSC. This shows that the range of
¢’ phase can be extended to high ZrO, concentra-
tions by decreasing the ¢’ crystallite size alone.

We observed that the range of the ¢’ phase can
extend to high ZrO, concentrations by decreasing
the c’ crystallite size alone. Earlier, we used x-ray
absorption near edge spectroscopy (XANES) to
demonstrate that the Ce®* concentration in ceria
nanoparticles increases with a decreasing crystal-
lite size. Here, we investigated the valence state of
Ce with varying ZrO, concentration and annealing
atmosphere to better understand the phase stabil-
ity in this nanocrystalline binary oxide system.



We used x-ray absorption near edge spectroscopy
(XANES), time-resolved high temperature x-ray
diffraction (XRD), and room temperature XRD to
study the stability of the cubic phase (c’) of Ce,_Z-
r.0,_, nanoparticles. Results from XANES atthe
Ce L, edge and the Zr L, edge indicate the same
phase transition point of ¢’-t for samples prepared
in air. This is consistent with earlier results of XRD
and Raman spectroscopy. The results show that
the stability of the ¢’ phase is directly related to
the Ce3* concentration. The percentage of the 3+
oxidation state of cerium was measured from the
relative Ce® peak intensity at the Ce L, edge in
XANES. An 11% concentration of the larger Ce®*
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Figure 1. Phase stability diagram of (1-x)CeO, ZrO,
samples with various crystal size of the ¢’ phase. There
are overlapping symbols to denote XRD and Raman
techniques in phase identification. Open symbols are from
the XRD results and the inside symbols are from Raman
scattering. Open squares (0): 100% c’ phase present from
XRD, circles (O): t phase present from XRD, diamonds
(0): only t phase present from XRD. Inner symbols, solid
squares (m): only Raman peak 4 is present; vertical line (| ):
only Raman peaks 3 and 4 are present; crosses (X): only
Raman peaks 1, 3 and 4 are present; dots (¢): all Raman
peaks 1-6 are present. At the top of the diagram are the
phase fields identified at 800°C from reduced-quench-re-
oxidized bulk/micron-size samples.
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ions, coupled with the smaller particle size, helps
in releasing the local stress induced by the smaller
Zr** ions and stabilizes the ¢’ phase even under
high zirconia concentrations of 40%—-60%. XANES
results atthe Zr L, edge supported the cubic
phase stabilization. Under a reducing environment
instead of in air, when the homogenization anneal
was performed, the solubility limit of the cubic
phase Ce, Zr O, was extended to above 90% zir-
conia. The Ce® concentration increased, reaching
94% in Ce, Zr, O, . Thus, the stability of ¢’ phase
is extended to higher ZrO, concentrations not by
finer crystallite size alone but, more significantly,
by a reducing environment.

Figure 2. TEM lattice image of CeO'BZrO_ZOZ_y nanoparticles
annealed previously at 900 °C.

Figure 3. Lattice parameter study from in-situ XRD of
as-prepared (1-x)CeO,_ZrO, in a reducing atmosphere as
temperature increases. Each composition shown exhibits
the cubic phase, ¢'.
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We synthesized thiol-protected gold nanoparticles by varying just one
parameter: the gold-thiol ratio (€), within the range from 6:1 to 1:6.
Their size and structure were analyzed self-consistently using trans-
mission electron microscopy to measure their size distribution and
EXAFS to measure their coordination numbers and nearest-neighbor
distances. Surface tension in the framework of the spherical drop
model was used to interpret apparent bond length shortening as &
decreased. The smallest of such particles (16 A in diameter) were
obtained for & = 1:1 and the average size did not change as & was low-
ered to 1:6. We interpret this behavior in terms of surfactant-mediated
stabilization of the particle size.

Yeshiva University
Anatoly.Frenkel@yu.edu

Size-controlled synthesis of nanoparticles less
than a few nanometers in diameter is a chal-
lenge due to the spatial resolution limit of most
scattering and imaging techniques used for

their structural characterization. We present a
self-consistent analysis of the extended x-ray
absorption fine-structure (EXAFS) spectroscopy
data of ligand-stabilized metal nanoclusters. Our
method employs the measurement of the coor-
dination numbers and metal-metal bond-length
decrease that can be correlated with the average
diameter and structure of the nanoparticles in
the framework of the surface tension model and
different structural motifs. To test the method, we
synthesized and analyzed a series of dodecane-
thiol-stabilized gold nanoparticles where the only
control parameter was the gold/thiol ratio &, varied
between 6:1 and 1:6.

The dodecanethiolate gold nanoparticles were
synthesized by the Brust method at the undergrad-
uate chemistry laboratory of Yeshiva University’s
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Stern College for Women. They were analyzed by
transmission electron microscopy at the National
Science Foundation Garcia Materials Research
Science and Engineering Center at Stony Brook
University. EXAFS data were collected at NSLS
beamline X16C. It is evident that the particle

size is reduced by lowering the Au/thiol ratio as
inferred from the visible changes in the relative
contributions of Au-Au and Au-S bonds to the Au
L, EXAFS (Figure 1A). The contributions of the
Au-Au or Au-S interactions to EXAFS progres-
sively become less important, or more important,
respectively, as £ decreases. Indeed, the particle
size decrease lowers the amplitude of Au-Au
EXAFS oscillations due to the truncation effect (at-
oms on the surface of the particle are surrounded
by fewer neighbors than those in the bulk and,
hence, the average coordination numbers of Au-
Au decrease) and enhances the amplitude of Au-S
EXAFS due to the larger surface/bulk ratio.

EXAFS data were analyzed by fitting FEFF6 paths
to Au-S and Au-Au shells. The particle diam-
eters can be estimated, among other methods,

by assuming specific polyhedral shapes that Au
nanoparticles can adopt: The icosahedral, cuboc-
tahedral, and truncated octahedral are among
the most commonly discussed geometries. In our
case, the cuboctahedral fcc model was chosen
due to the similarity between the nanoparticles
data and bulk Au data (Figure 1A) for all &. The
particle diameters were obtained from their Au-Au
coordination numbers (Figure 2).

For all samples, the second quantity, AR(§) = R,
- R(¢), where R, = 2.88 A in bulk gold and R(¢) is
the bond length measured at the certain &, mono-



tonically as & increases (Figure 1B). Such 1NN
distance shortening at smaller sizes has a familiar
ring from the lattice contraction of closely packed
nanoparticles that has been previously interpreted
in terms of surface stress by Mays, et al. (1968)
using electron microscopy. We relate the particle
diameter d to the relative lattice contraction a =
AR/R via the surface stress and compressibility K:

4 7 K
=3,

Using our EXAFS measurements of AR (Figure
1b) as well as the experimentally determined
values for K and 7., we obtained the particle
diameters for all £ (Figure 2). The fact that both
(independent) techniques of EXAFS data analy-
sis that we employed for the particle diameter
determination (by using the coordination numbers
and the distance contraction) obtain very similar
results (Figure 2) characterizes these results as
highly reliable.

Our results for the gold-core sizes obtained by the
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Figure 1. Particle size decrease and saturation is
evidenced in EXAFS data of the samples prepared by

the two-phase method. (A) The coordination numbers of
the Au-Au bonds decrease and for Au-S increase as &
decreases. (B) Size-dependence of the average Au-Au
distances (relative to the bulk) for the samples prepared by
the two-phase method.

new EXAFS analysis procedure are in good agree-
ment with Scherrer analysis and statistical thermo-
dynamic calculations by Leff, et al., which find that
the thiol-capped gold nanoparticles should reach
the minimum size of 14.7 + 3.7 A for a certain Au/
thiol ratio (§,) beyond which, for § < £, the thiols
will be present in solution as monomers instead

of assembling on the nanoparticle surface. In our
work, a similar result (the gold-core size stabilizes
at its minimum value of 16 + 2 A at £, = 1:1) was
obtained by two independent methods of EXAFS
analysis: the coordination number method and the
surface tension method in the framework of the
spherical drop model.

In summary, the size and structure of thiol-coated
gold nanoparticles can be controlled by a single
parameter: the Au/thiol ratio. We demonstrated
that their lattice contraction follows the simplified
spherical drop model and their size stabilization at
the lowest Au/thiol ratio can be explained by the
interplay between Au-thiol and thiol-thiol interac-
tions.
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Figure 2. Particle sizes for the samples prepared by the
Brust methods. The sizes were obtained by EXAFS using
two analysis techniques: empty squares indicate the
surface tension technique and filled circles were obtained
from the coordination numbers characteristic for the
cuboctahedral fcc packing.
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Adsorption of Zn?* at the rutile TiO, (110)-aqueous interface was stud-
ied with x-ray standing waves, surface x-ray absorption spectroscopy,
and density functional theory calculations to understand the interre-
lated issues of adsorption site, occupancy, ion coordination geometry,
and hydrolysis. At pH 8, Zn** was found to adsorb as an inner-sphere
complex at two different sites. A 4- or 5-fold first shell coordination
environment was observed for adsorbed Zn?* instead of the 6-fold
coordination found for aqueous species at this pH. DFT calculations
confirmed the energetic stability of a lower coordination environment
and revealed that such change is correlated with the hydrolysis of
adsorbed Zn?.

lon adsorption and electrical double layer (EDL)
formation at the oxide-aqueous solution inter-
face are fundamental to a number of processes,
including contaminant transport in the subsurface,
mineral dissolution and precipitation rates and
mechanisms, bioavailability of trace metals, incor-
poration of trace metals into growing crystals, and
heterogeneous catalysis. While there have been
extensive studies of EDL phenomena over the
past decades, the connection between molecular-
scale processes and their macroscopic manifesta-
tions remains elusive. Recent experimental and
computational studies led to new insights con-
cerning the adsorption of various mono- di- and
tri-valent cations at the rutile (a-TiO,) (110)-aque-
ous interface with excellent consistency between
studies ranging from macroscopic observations

to microscopic structures and processes. While
these previous studies clearly demonstrated that
the Zn?* adsorbs in a manner that was distinct
from other cations, discrepancies between the pre-
dicted and observed behavior of Zn?* suggested
that its interaction at the rutile-water interface was
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poorly understood. To resolve this gap, we used

a combination of Bragg-reflection x-ray standing
waves (XSW), surface x-ray absorption spectros-
copy and density functional theory (DFT) to under-
stand the adsorption of Zn?* at the rutile (a-TiO,)
(110)—aqueous interface.

In the current study, we first confirmed with XSW
imaging that Zn?* ions adsorbed at two distinct
surface sites at pH 8, i.e., monodentate above the
bridging oxygen (BO) site, and bidentate between
two terminal oxygen (TO) sites (Figure 1), with
however, a coverage and partitioning of Zn?* ions
between the two sites that was found to be sensi-
tive to solution pH. Polarization-dependent surface
extended x-ray absorption fine structure (EXAFS)
spectroscopy results revealed a reduced (i.e., 4-
or 5-fold) first shell coordination environment for
adsorbed Zn?* with respect to the 6-fold coordina-
tion found for aqueous species at pH 8. Octahe-
dral to tetrahedral coordination geometry changes
have previously been observed for adsorbed

Zn?* jons, although this was not well understood.
It could, for instance, be due to the interfacial
charge distribution and reduced interfacial dielec-
tric constant, which might be significant enough to
overcome the relatively small energy differences
between the ion’s two coordination environments.
DFT calculations revealed that this transformation
was favored energetically and was directly cou-
pled to surface induced hydrolysis of the hydrated
Zn?* cation. Very good agreement between all ex-
perimental and computational results is achieved
when comparing the predicted and observed Zn?*
adsorption structures and coverage. Ball-and-stick
models for the two adsorption geometries based
on the DFT results are shown in Figure 2.



These results demonstrated that a multi-technique
approach, including structural and spectroscopic
measurements and high-level DFT theory, allow
for a complete characterization of the adsorption
of ions at the oxide-water interface, even when the
actual structure involves numerous complexities,
including multiple adsorption sites, changes in the
ion hydration shell structure, as well as hydroly-
sis of the adsorbed species. Comparison of such

results with macroscopic pH-titration/adsorption
studies of powder suspensions and large-scale
molecular dynamics simulations leads to definitive
information on the molecular structure of sorbed
species at the oxide-water interface, as well as re-
alistic models to rationalize and accurately predict
the macroscopic manifestations of ion adsorption
phenomena.

Figure 1. XSW generated 3D iso-density contour surfaces
for Zn?* cations at (A) pH 8, and (B) pH 6. The iso-density
contour surfaces at 65% of the peak element density are
plotted overlapping with the reference ball-and-stick model
of a half rutile surface unit cell terminated at the Ti-O basal
plane.

Figure 2. Adsorption geometry of adsorbed Zn?* cations
at the TiO, rutile (110)-aqueous interface. Two distinct
adsorption geometries are observed: (A) monodentate
above the bridging oxygen and (B) bidentate between
terminal oxygens. Hydrogen bonds are represented with
dashed lines.
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Measurements taken at the National Synchrotron Light Source allowed
us to make detailed comparisons of the microscale responses and
infrared (IR) microscopy images of CdZnTe Frisch-ring x-ray and gam-
ma-detectors. The data conclusively showed that local deteriorations
of electron-charge collection and the device’s response to x-rays fully
correlate with the presence of Te precipitates as revealed in the IR im-
ages. These data offer the first experimental evidence of the material
property limiting the energy resolution of CZT gamma-ray detectors.
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carini@bnl.gov

Cd, Zn Te is an attractive material for fabricating
crystals for x- and gamma-ray detectors. With its
large band-gap (i.e., the energy gap determines
its leakage current), detectors produced from the
material function well at room temperature, while
the high atomic numbers of its elements impart
high quantum efficiency (i.e., sensitivity). In prin-
ciple, detectors are simple devices that directly
convert the charge pairs generated by ionizing-
and gamma-radiation into electrical signals. These
advantages, combined with very good resolution,
make CZT detectors suitable for a wide range of
purposes, such as imaging devices for nuclear
medical imaging, detectors for measuring the
movement of radioactive materials, monitors to
prevent the diversion of stored nuclear weapons
and components, and applications in astronomy.

Authors (from left) Giuseppe Camarda, Gabriella
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Unfortunately, structural defects, such as twins,
dislocations, inclusions, grain- and tilt-boundar-
ies result in crystals of low quality, which severely
limit the detectors’ performances. Several groups
have characterized CZT detectors at the micro-
scale, thereby allowing detailed investigations

of their spatial responses. These measurements
delineated the detrimental effects of grain bound-
aries and twins, but were unable to describe the
physical mechanisms responsible for the carrier
trapping. Further, the role of dispersed Te inclu-
sions and precipitates within the single-crystal
CZT volumes remained unclear. Recently, by
developing a unique measurement facility afford-
ing an order-of-magnitude improvement in spatial
resolution, we obtained unequivocal evidence cor-
relating regions where the detector’s performance
was degraded with the presence of dispersed
Te-rich inclusions.

This correlation between Te precipitates, visible in
the IR images of crystals, and the deterioration of
the devices’ responses was measured for several
1-mm thick planar CZT detectors. The original
CZT crystals, grown by the Modified Vertical
Bridgman method, were supplied by Yinnel Tech.,
Inc. To obtain the measurements, the detectors
were mounted inside a standard eV-Products de-
vice holder and irradiated from the cathode side.
The output signals were readout and processed
using standard spectroscopy electronics, including
a charge-sensitive preamplifier, a shaper, and a
MCA card to collect pulse-height spectra. To study
local variations in the device’s response, x-ray
scans were performed at the NSLS X12A beamline
employing beams of different sizes; the smallest
was slightly less than 10x10 um?. For each X-Y



position of the x-ray beam, pulse-height spectra
were collected, and the peak positions, which are
proportional to the total collected charge, were
evaluated using a Gaussian fit. We plotted the
findings from the scans as two-dimensional maps
of the devices’ responses (Figure 1)

Comparing the IR micrographs and x-ray scans
(Figure 2), the Te precipitates in the IR images
clearly correspond to the dark spots in the x-ray
maps where the device’s response drops off by up
to 50% of its average value. Furthermore, several
similar measurements for different thin devices
fabricated from CZT crystals grown by different
techniques showed, for the first time, a 100% cor-
relation between the locations of the precipitates
and the areas of the detector with poor perfor-
mance.

In contrast to randomly distributed single-level
traps, precipitates can be considered as extended
local defects with a very high local concentration
of trapping centers. In this case, an unpredict-
able number of charges will be trapped, and the
amount of trapping cannot be corrected with cur-
rent techniques. Here, the fluctuations in charge
loss are proportional to the total number of such
defects encountered by the electron cloud. More-
over, any electric-field distortions around these
defects also can contribute to dispersing the col-
lected charges and to degrading the spectroscopic
performance.

Figure 1. Three-dimensional view of an x-ray map. The
scan was performed by using a 10x10 um? sized, 30 keV
beam.
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In the past, CZT detectors underwent x-ray,
gamma-ray, and alpha-particle scans to investi-
gate the uniformity of their responses; the sizes of
the beams used in those measurements were 100
um or larger. This investigation clarified that the
size of the x-ray beam used for the scans is an im-
portant factor in determining the ability to spatially
resolve the effects of isolated Te-rich precipitates.
Figure 3 presents four maps of the same area on
a device evaluated with different spatial resolu-
tions to simulate different beam sizes. The original
x-ray map, measured with 10 um steps in both
directions with a beam of 10x10 um? unambigu-
ously shows the degraded regions due to 10-20
um diameter Te inclusions. They are not as clear
in the 20x20 um map. No precipitates were ob-
served with a 100x100 um? beam, and the crystal
seems fairly uniform in the 200x200 um?2 map. The
earlier mapping measurements obtained by many
groups using larger beams led the CZT detector
community to incorrectly assume that isolated Te
precipitates did not adversely affect a detector’s
quality. Our new measurements, offered in this
paper, allow researchers to easily discern the ef-
fects of precipitates on electron trapping, and they
highlight the critical need to address the presence
of isolated Te precipitates and aggregates of them
within single-crystal CZT detectors.

Figure 3. X-ray maps from the same area of the device
evaluated with different spatial resolutions: 10x10 um?2,
20x20 um?, 100x100 um?, and 200x200 um?.

Figure. 2. Examples of correlations between x-ray and

IR transmission maps measured for a 1 mm thick CZT
planar device. The scans were performed by using a 10x10
um? sized, 85 keV x-ray beam. In some cases, the typical
triangular shapes of precipitates are recognizable in the
X-ray maps.
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METALLOTROPIC LIQUID CRYSTALS: SURFACTANT
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INDUCED ORDER IN MOLTEN METAL HALIDES
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and J.C.W. Folmer, “Metallo-
tropic Liquid Crystals: Surfactant
Induced Order in Molten Metal
Halides," Nat. Mater., 5, 271-275
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Liquid crystals consist of anisotropic molecular units, the majority of
which are organic molecules. More recently, liquid crystals incorporat-

(2006). ing metals into anisotropic molecules have been prepared. Generally
these require at least two long-chain organic ligands per metal cen-
ter. In order to create liquid crystals with high metal content we have
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investigated the surfactant templated design of anisotropic structure
in molten inorganic networks. Variable temperature x-ray diffraction
(VTXRD) in conjunction with differential scanning calorimetery (DSC)

and polarized light optical microscopy (POM) were used to determine
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mole percent.

Using the cationic surfactants C,TACI (C, = alkyl
chain with n = 8 to 18, TA = trimethylammonium)
and divalent metal-halides (including Zn, Cd, Cu,
Ni, Co, Fe, and Mn) we have found a rich vari-
ety of liquid crystalline phases. The amphiphilic
character of the inorganic/organic hybrid and

the respective tunability of charge density of the
inorganic anions are responsible for the observed
variation in structure. Amphiphilic molecules and
salts, as well as many diblock copolymers are well
known to exhibit molecular scale phase segre-
gation that results in the formation of lamellar,
cubic, hexagonal columnar, and spherical micel-
lar structural organizations depending on the
nature and volume fraction of each block of the
amphiphile. The majority of literature reports of
[Surfactant],MCl, salts exhibit a lamellar crystal-
line structure. However, reducing the relative
volume of the organic block by reducing the length
of the surfactant tail to only an eight-carbon chain
affords signifi-
cantly increased
curvature to the
interface between
the organic and
inorganic blocks
resulting in the co-
lumnar crystalline
structure shown

in Figure 1A for
[C¢TA],ZnCl,. In
this work, we have
also demonstrated
that it is possible
to control struc-
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the structural variation in metallotropic liquid crystals as the relative
volume fraction of the inorganic block was increased from 33 to 80

volume fraction, and thus charge density, of the
inorganic polar-block. The metal-halide fraction of
these materials may consist of discrete molecular
anions such as the relatively high charge density
[MCI,]* or low charge density oligomeric anionic
networks, [M,Cl,,...]™, depending on the relative
concentration of the inorganic component. An early
stage of such oligomerization is observed in the
crystal structure of [C,sTA],Zn,Cls; shown in Figure
1B, for which the low charge density of the inor-
ganic anion requires a severe canting of the sur-
factant chains. Any further decrease in the charge
density of the inorganic anion requires a structure
with a greater curvature than can be afforded by a
lamellar structure.

Each of the divalent metal halide systems studied
exhibit relatively low melting points (below 100°C).
Furthermore, upon melting systems with surfac-
tant chain lengths greater than C,, exhibit classic
smectic, bicontinuous cubic, hexagonal columnar
or spherical cubic liquid crystalline textures as
observed by both x-ray diffraction, Figure 2A, and
polarized optical microscopy (see the journal cover
below). Because of the polymorphic nature of the
parent binary metal halide, a greater structural
diversity is observed for the zinc systems than any
of the other transition metals. The phase diagram
shown in Figure 2B, compiled by VTXRD, DSC
and POM measurements demonstrates the diver-
sity of structure based on the molecular scale seg-
regation of surfactant and inorganic blocks of this
hybrid system. Most of the crystalline phases melt
congruently and have a relatively narrow homoge-
neity range. However, for compositions intermedi-
ate between crystalline phases, single homoge-
neous liquid crystalline phases with broad homo-



geneity ranges are observed with no evidence

of immiscible liquid crystalline phases except at
compositions loaded as close to the phase bound-
ary as possible. While the copper (ll) system, for
example, yields somewhat less structural diversity
than that of the zinc (Il) system, the liquid crystal-
line organization of a relatively high concentration
of d® metals in C,;TA-CuCI-60 give evidence of
ferromagnetic coupling between metal centers.

This demonstration of templating anisotropic struc-

Figure 1. Drawing of the crystal structures of (A)
[CsTA],ZnCl,, and (B) [C,sTA],Zn,Cl,s, showing columnar
and lamellar organization, respectively.

ture into liquid metal-halides, with length scales of
organization sufficient to exhibit classic liquid crys-
talline birefringent optical textures, is a significant
advance in the emerging field of amorphous mate-
rials engineering. The high metal content of these
liquid crystalline systems significantly advances
the field of metallomesogens, which seeks to
combine magnetic, electronic, optical, redox and
catalytic properties common to inorganic materi-
als, with fluid properties of liquid crystals.
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Figure 2. (A) XRD patterns for liquid crystalline C,;TA-
ZnCl-# (# is the mole % ZnCl,) recorded at approximately
100 °C. Each pattern is offset by 0.1A" for clarity. The

33% and 50% compositions exhibit lamellar structures, the
55% composition indexes to a la3d bi-continuous cubic
phase, and the 65% composition indexes as a hexagonal
columnar structure. (B) Phase diagram of the C,,TAC/ZnCl,
system. Crystalline phases are identified by solid vertical
lines. Liquid crystalline phases include lamellar (SmA)
(also crystal smectic (Sm)), 1a3d bi-continuous cubic (Cub),
hexagonal non-geometric (H,,), hexagonal columnar (Coly,)
and cubic micelle (Cub’). Dashed lines represent the
composition boundary above which crystals of ZnCl, are
observed. The dotted line indicates the temperature of the
H,,-Col, transition that is only observed by a change in the
optical texture upon heating.
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ANTI-BIOFOULING PROPERTIES OF COMBLIKE BLOCK
COPOLYMERS WITH AMPHIPHILIC SIDE CHAINS
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Novel polystyrene block copolymers with amphiphilic side chains were
synthesized and evaluated for their anti-biofouling surface character-
istics. The side chain consisted of a hydrophilic poly(ethylene glycol)
(PEG) segment capped with a hydrophobic perfluoroalkyl segment.
Surfaces prepared using these polymers showed a depth-dependent
composition profile that was characterized using NEXAFS at the NSLS
beamline U7A. The angle between the surface-normal and an in-plane
electron detector was varied and partial electron yield NEXAFS spectra
were acquired at each angle. An analytical framework to extract com-
position profile from the angle-dependent variations in Auger electron
intensity was developed. The block copolymer surfaces, which showed
surface segregation of the higher surface-energy PEG groups, were
found to have promising fouling release properties when evaluated

against the marine macroalga Ulva and the diatom Navicula.

Marine biofouling refers to the unwanted accu-
mulation of marine organisms on an underwater
surface. An environmentally benign strategy to
tackle marine biofouling is the use of non-toxic
polymer coatings that can resist bioaccumulation.
Poly(dimethyl siloxane) (PDMS) elastomers are
widely used as “fouling release” surfaces because
they enable easy release of colonizing organisms.
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While PDMS surfaces are quite efficient in the re-
lease of Ulva, they are ineffective against diatom
fouling. The green macroalga Ulva and unicellular
diatoms are the commonly found algae in marine
biofilms. Their attachment to surfaces is achieved
through secretion of adhesive glycoproteins,
polysaccharides or proteoglycans. The attachment
strength is determined by molecular interaction of
these adhesives with the surface. Previous studies
had shown that diatoms attached strongly to hy-
drophobic PDMS and weakly to hydrophilic glass
surfaces, while Ulva exhibited an exactly opposite
behavior. Our goal was to prepare biomaterial
surfaces that minimized adhesion of extracellular
adhesive matrices of a wide range of organisms.

Toward this goal, we attached PEGylated fluoroal-
kyl groups to a polystyrene-block-poly(acrylic acid)
copolymer synthesized by ATRP. The amphiphilic
polymers were expected to undergo an environ-
ment-dependent reconstruction as shown in
Figure 1. Despite a slightly higher surface energy
than polystyrene, we expected the PEG groups

to segregate to the air-polymer interface because
they were anchored to the low-energy perfluoroal-
kyl groups. Surface segregation of the PEGylated
side chains was confirmed by NEXAFS. Figure

2 shows the normalized partial electron yield
NEXAFS spectra for four representative emis-
sion angles, ¢. The sampling depth is proportional
to cos¢. Hence, a higher emission angle implies
that a thinner surface layer is being probed. The
intensity of the C1s->n*  resonance corresponding
to the polystyrene block was found to be lower at
a higher ¢ (Figure 2). Conversely, the C1s>c*_
resonance intensity was higher at higher ¢. There-
fore, the polymer surface was enriched in the



PEGylated fluoroalkyl side chains relative to the
polystyrene phenyl rings.

We have shown that the normalized intensity of

the n*  resonance at a given emission angle, / (¢),

is proportional to the Laplace-transform of the
concentration profile, f, (z), of the phenyl-ring car-
bon atoms. Thus, f (z) could be determined from
the experimental intensity versus emission angle
data. Due to surface segregation of the amphiphi-
lic block, only about 25% of the carbon atoms at
the surface were from polystyrene, a concentra-
tion that was significantly lower than the value
expected based on the block copolymer structure
(~60%). The surface concentration of polystyrene
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Figure 1. The left-hand side of this figure shows the
chemical structure of the surface active block copolymer
and its amphiphilic side group. In an air or non-polar
environment, the fluoroalkyl group is exposed, but in water
or polar environment, the polar PEG group occupies the
surface.
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Figure 3. The left-hand side shows removal of Ulva
sporelings (small, multicelled pregenitors to seaweed)
and demonstrates that they are most easily removed from
our new amphiphilic coating compared to PDMS (silicone
rubber) or even glass. The right-hand side shows that
Navicula diatoms are also very easily removed from the
amphiphilic surface as well as glass whereas they adhere
very strongly to silicone rubber.

decreased further upon water-immersion. The
surface was immersed in water and the contact
angle of an air bubble was measured over a period
of 2 weeks. The captive-bubble contact angle
decreased from 55° immediately after immersion
to 31° after 2 weeks. The equilibrium contact angle
was close to that of a pure PEG surface.

The amphiphilic surfaces showed a higher removal
of both Ulva and Navicula compared to PDMS
(Figure 3). It remains to be determined whether
these surfaces show similar fouling release prop-
erties against invertebrate larvae and other marine
organisms.

PEY (a.u.)

280 285 290 295 300 305 310 315 320
Energy (eV)

Figure 2. Normalized partial electron yield (PEY) NEXAFS
spectra at different emission angles, ¢, between the surface
normal and the partial electron yield detector.
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The polymers poly(cyclohexyl methacrylate) (PCHMA) and polystyrene
(PS) are miscible with each other, but each is highly immiscible with
poly(methyl methacrylate) (PMMA). Due to their similar glass transition

(2005). temperatures and the ability of PS and PCHMA to be controllably syn-
thesized with a narrow molecular-weight distribution, we anticipate this

National Science Foundation
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blend to be a model system for future investigations of certain phenom-
ena, such as diffusion in miscible blends and diffusion near surfaces

and interfaces. As a first step, we have investigated the segregation
of deuterated PS (dPS) from a miscible blend with PCHMA to a dPS:

Harald Ade
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PCHMA/PMMA interface. We achieved this by recording real-space
depth profiles of dPS with secondary ion mass spectrometry (SIMS).
X-ray reflectometry was used to determine the interfacial roughness

between PCHMA and PMMA.

Miscible polymer blends have been model sys-
tems for investigations of polymer dynamics

and equilibrium segregation at polymer surfaces
and polymer/polymer interfaces. They are often
composed of polymer pairs that have an apparent
exothermic enthalpy of mixing. Previously investi-
gated miscible blends have included polystyrene
(PS) in combination with poly(xylenyl ether) (PXE),
poly(vinylmethyl ether) (PVME), or tetramethylbi-
sphenol-A polycarbonate (TMPC). These systems
have constituents with highly different glass transi-
tion temperatures (Tgs). These asymmetries can
lead to spatially
varying Tgs, mak-
ing accurate
decoupling of
various phenom-
ena difficult. The
need for a model
miscible blend in-
volving polymers
with similar Tgs
and well-defined
thermodynamic
parameters has
motivated this
investigation.

To analyze the
PCHMA/PMMA
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line X10B to individually measure the dispersion,
3, of the two polymers. In the case of XR analysis
of polymer bilayer systems, difficulties often arise
in obtaining details regarding polymer-polymer
interfaces due to the small x-ray contrast, Ad/9,
between the individual polymers, which is typically
less than 10% for most polymer pairs. In order

to overcome this difficulty, we used a Fourier
transformation (FT) analysis method developed
previously. A four-layer model (a silicon substrate,
a native oxide layer, a PMMA layer, and a PCHMA
layer) was used to fit the XR data. Using the mea-
sured values for 3, the PCHMA/PMMA bilayers
were analyzed using the FT method, as shown in
Figure 1, and the interfacial roughness (Gauss-
ian) was determined to be 0.6 nm. It should be
noted that the x-ray contrast between PCHMA and
PMMA is quite small (< 3%), and that this value is
considered a lower limit.

In order to investigate segregation, deuterium
depth profiles were acquired using a CAMECA
IMS-6f magnetic sector secondary ion mass spec-
trometer (SIMS) with a 15 nA Cs* primary beam
(6.0 keV impact energy) rastered over a 200 um x
200 um area, with detection of negative secondary
ions from a 60 um diameter circle at the center.
The analysis conditions used provided a nominal
depth resolution (full width at half maximum) of 8
to 10 nm. From the phase behavior of the three
polymer pairs, it is known that PS and PCHMA
are completely miscible with each other, yet PS
and PCHMA are completely immiscible with PMMA
under the conditions implemented here. Taking
advantage of these asymmetries in the thermo-
dynamic interactions between dPS:PMMA and
PCHMA:PMMA, dPS has been driven to the



interface by annealing bilayer films at 150°C for
42 hours. Using SIMS, the depth profiles were
measured for initial dPS concentrations of 5, 10,
and 20% (v/v) in PCHMA, as shown in Figure 2.
Because of the low interfacial excess (segregated
dPS at the dPS:PCHMA/PMMA interface) ob-
served, previously implemented techniques used
to measure these depth profiles, such as forward
recoil spectrometry or nuclear reaction analysis,
would not be able to resolve the segregation of
dPS to the dPS:PCHMA/PMMA interfaces, as their
depth resolutions range from approximately 30 to
80 nm. Even with the relatively high depth reso-
lution attainable using SIMS, it is difficult, if not
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Figure 1. XR of PCHMA/PMMA bilayers. (A) The Fourier
method was used to determine the interfacial roughness
of this low contrast system. (B) The low contrast is clearly
observed in the reflectivity profile.

impossible, to measure the interfacial roughness
for highly immiscible polymer bilayers. In contrast,
XR can accomplish that, and SIMS and XR are
excellent complementary tools.

Our work confirmed that PCHMA and PMMA are
highly immiscible. Prior literature on the degree

of miscibility of PS/PCHMA was inconsistent and
large differences are reported for the interaction
parameter that governs miscibility. Our segrega-
tion data agrees with the more highly miscible
value, indicating that the PS/PCHMA system might
be indeed an ideal model system for highly mis-
cible polymers.
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Figure 2. SIMS profiles for bilayers of dPS in PCHMA

on PMMA with (A) 5, (B) 10, and (C) 20% (v/v) initial
concentrations of dPS. After depletion of dPS due to
segregation to the interface during the 42-hour anneal at
150 °C, the bulk concentration away from the interface was
reduced to (A) 4.3, (B) 9.2, and (C) 19.2%.
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The nature of the fiber-matrix interphase conditions the final properties

of fiber-reinforced semicrystalline polymers. Heterogeneous nucleation
at the fiber surface can alter the properties of the matrix, thus the
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understanding and control of the crystalline morphology and micro-
structure of the interphase is fundamental. Spatially resolved informa-
tion was obtained from an LCP fiber reinforced isotactic polypropylene

model composite using two synchrotron-based methods; infrared
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cal evidence.

Fiber-reinforcement is one of the most important
strategies to improve the application properties

of both commodity and engineering polymers.
With an annual production of more than 2.5 billion
pounds, and a spectacular growth rate, the U.S.
fiber-reinforced polymer (FRP) market is expected
to surpass the $6-billion mark in the next few
years. Many everyday items employ FRPs, from
automobiles, boats, and sports goods to civil engi-
neering structures and biomedical devices. While
glass fiber thermosets occupy more than 60 per-
cent of the market, one of the main growth areas
is thermoplastic resins, including polypropylene,
and the use of alternative fiber types for reinforce-
ment. Thermotropic liquid crystal polymer (LCP)
fibers are interesting because of their superior
mechanical properties, excellent melt flow proper-
ties, reduced machine wear and processing costs,
good recyclability, and low density almost half that
of glass fibers. This is important for the design of
strong, lightweight components.

Gary Ellis
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microspectroscopy and microfocus x-ray diffraction. The combina-

tion of IR microspectroscopy with spatially resolved crystallographic
information, obtained for the first time from a polymorphic fiber—matrix
interphase, confirms a generally accepted model based on morphologi-

LCP fibers can induce heterogeneous nucleation
in isotactic polypropylene (iPP) with a high density
of nucleation sites at the fiber surface, and the
habitual three-dimensional spherulitic growth is
impeded due to overcrowding. Crystalline growth
takes place perpendicular to the fiber surface
generating a transcrystalline (TC) layer around the
fiber, in which both the elastic and tensile moduli
are improved. Various crystalline polymorphs can
be observed in iPP; the thermodynamically more
stable monoclinic a-modification predominates,
whereas crystallization of the less stable trigonal
B-modification requires specific conditions such as
thermal gradients, shear stresses, or the presence
of specific B nucleating agents. Generally when
fiber-reinforcement generates a TC morphology,
the o-form of iPP is observed, and the TC B-phase
is rare. However, there is much interest in the
mechanical properties of the B-phase, particularly
improved toughness and impact strength, although
the mechanisms that generate the B-phase and
the exact relationship between the presence of TC
morphologies and the final properties of the mate-
rial are still much debated issues.

Shear stress can also generate B-phase TC-like
iPP around fibers, and a cylindritic crystalline
superstructure is developed, differentiating it from
TC structures. The most important evidence for
this comes from polarized thermo-optical light mi-
croscopy that, along with morphological data from
SEM and AFM, support the Varga and Karger-
Kocsis model: shear produced in the melt by
fiber-pulling generates extended chain geometries
that give rise to series of a-row nuclei along the
fiber surface. At the interface of this thin layer of
oriented a-crystals a transition from the a- to the



B-phase takes place, giving rise to the formation of
the B-cylindritic crystalline superstructure.

Our main goal was to obtain direct structural
information from the fiber-matrix interphase. We
have studied samples where fiber-pulling at 140
°C generated shear in the polymer melt, and after
isothermal crystallization and subsequent cool-
ing to room temperature, selected regions of

the samples were examined using both infrared
microspectroscopy and wide-angle x-ray microdif-
fraction.

Mapping relative IR band intensities at specific
sampling geometries in the highly polarized syn-
chrotron beam allows us to differentiate between
the two crystalline polymorphs (Figure 1), and

a false-color image of the marked area clearly
shows evidence of a layer of a-phase iPP around
the fiber. Unequivocal identification depends on
the relative orientation of the polymer chains with

350 1200 1050 w0 750 R
wavenumber, cm-! x axis (pm)
(A) (B) (©)

Figure 1. Synchrotron infrared microspectroscopy. (A)
Polarized light microscopy of polymorphic iPP interphase,
(B) IR spectra recorded through an 8 um aperture at
positions marked, and (C) false-color IR imaging of the
interphase region using relative band intensities indicated.
The LCP fiber position is also shown.

respect to the polarization axis of the synchrotron
beam.

This is confirmed with wide-angle x-ray microdif-
fraction experiments (Figure 2). A 3 ym diameter
x-ray beam was scanned through the interphase
region perpendicular to the fiber axis in 5 ym
steps. The observation of the B-cylindritic layer
and a highly ordered a-phase iPP close to the
fiber (Figure 2C) confirms the spectroscopic evi-
dence.

The presence of a thin layer close to the sheared
fiber corresponding to the a-phase has been
unequivocally confirmed by both synchrotron IR
microspectroscopy and x-ray microdiffraction. We
hope further high spatial resolution studies of the
chain geometry in the transition zone will provide
more information on the mechanisms involved in
the formation of the highly ordered B-phase.

B-phase
reflections

spherulitic

cylindritic
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{
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B
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Figure 2. Synchrotron x-ray microdiffraction. (A) Schematic
of sampled region showing original position of LCP fiber,
(B) integrated intensities of x-ray patterns obtained from

a 400 um line-scan, and (C) diffraction patterns from
positions marked.
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NANOPARTICLE-POLYMER COMPLEXATION: ELECTRO-

X21

STATIC SELF-ASSEMBLY AS A ROUTE TO STABLE

DISPERSIONS OF HYBRID NANOCOLLOIDS

A. Sehgal, Y. Lalatonne, J.-F.
Berret and M. Morvan, “Pre-
cipitation-Redispersion (P-R) of
Cerium Oxide Nanoparticles
with Poly(Acrylic Acid) : Towards
Stable Dispersions,” Langmuir,
21(20), 9359 (2005).

A. Sehgal’, Y. Lalatonne’, J.-F. Berret?, and M. Morvan'

'"Complex Fluids Laboratory, CNRS - Cranbury Research Center Rhodia Inc; 2Matiére et Systé-
mes Complexes,Université Denis Diderot Paris-VII, France

The inherent instability of inorganic nanoparticle sols may be resolved
by complexation with ion-containing polymers at the particle interface.

We exploit a precipitation-redispersion (P-R) mechanism to achieve
the complexation of short chain polyelectrolytes with cerium oxide

U.S. Department of Energy

nanoparticles in order to extend their stability over a wide pH range.

Small-angle x-ray scattering in conjunction with static and dynamic
light scattering reveals that P-R may yield hybrid nanocolloidal com-

Jean-Francois Berret

Matiére et Systemes Complexes
Université Denis Diderot Paris-VII
jean-francois.berret@ccr.jussieu.fr

plexes with a single inorganic core-charged corona structure. The
electrostatic self-assembly of ionic stickers anchors the chains onto
the surface, resulting in a polymeric brush that provides steric and
electrostatic stabilization. This simple strategy to achieve stable dis-

persions surmounts the critical limitation in the use of nanoparticles,
allowing a facile means to translate the intrinsic properties of mineral
oxide nanoparticles to a range of novel applications.

Emerging nanomaterials utilize not only the
chemical composition but also the size, shape and
surface-dependent properties of nanoparticles in
applications with remarkable performance charac-
teristics. As synthesized, aqueous dispersions of
metal-oxide nanoparticles (e.g. oxides of cerium,
iron, or zirconium) exhibit some common proper-
ties: i) the particles have crystalline structure, ii)
the sols are typically synthesized in extremely
acidic (or basic) conditions, and iii) the particles
are stabilized by electrostatics and are extremely
sensitive to perturbations in pH, ionic strength,
and concentration. In order to translate the in-
trinsic properties of nanoparticles to industrially
relevant uses there is a need for a robust means
to stabilize nanoparticle dispersions in aqueous
media for a variety of processing conditions.

This instability of inorganic nanoparticle sols was
resolved by
complexation
with charged
ion-containing
polymers. To
achieve the goal,
we have devel-
oped a two-step
process, defined
as the precipita-
tion-redispersion
(P-R) process.
In this study

we address the
issue of the ad-
sorption and of

Authors (clockwise from left) J.-F. ]
Berret, Y. Lalatonne, M. Morvan, and  the complexation

A. Sehgal between cerium
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oxide nanoparticles and short poly(acrylic acid)
(PAA) chains (molecular weight, M_=2000 g-mol).
We demonstrate that we may considerably extend
the range of pH and concentration stability of
cerium nanosols by irreversibly adsorbing weak
polyelectrolytes on the surface. This process does
not require mechanical stimulation.

As synthesized, cerium oxide sols at pH 1.4
consist of monodisperse cationic nanocrystalline
particles with a hydrodynamic diameter D, = 10
nm. Interparticle interactions in the form of strong
van der Waals attraction, electrostatic repulsion,
and surface chemistry act in concert to make the
charged nanosol highly sensitive to the electro-
static environment. Any perturbation in pH (>3) re-
sults in aggregation and macroscopic precipitation
of the nanoparticle suspension, severely limiting
the utility of nanoceria.

Figure 1 shows that when cerium oxide sols are
mixed with poly(acrylic acid) solutions (with the
same concentration ¢ and pH 1.4), the solution
undergoes an instantaneous and macroscopic
precipitation. The mixing is characterized by
XMix=V0902/VF’AA2Kx where Vc(eo2 and VpAAZKare the
respective volumes of the cerium and polymer
solutions. Sedimentation or centrifugation gave
two distinctly separated phases. Complexation of
the polymer chains with several particles results

in precipitation due to colloidal bridging, which is
reminiscent of classical associative phase separa-
tion. As the pH is progressively increased, the sus-
pension spontaneously redisperses into a clear so-
lution. This evolution of the CeO,-PAA,, solutions
at X=1 and c = 1 wt. % is illustrated in Figure 1A
for the pH range 1.4-10. The precipitation-redis-



persion was followed by static and dynamic light
scattering experiments. D,, was found to decrease
progressively from 18 nm at pH 7.5 to 12.5 + 1
nm at pH 10 (Figure 2B). This latter value is ap-
proximately 3 nm larger than the diameter of the
bare particles (D, = 9.8 nm), suggesting that the
nanoceria are now coated by a PAA corona.

Figure 2 illustrates the SAXS intensity pro-

files performed on both bare and PAA,, -coated
nanoparticles. At low concentration (c < 0.5 wt.

% and X = 1), where no structure factor is ap-
parent, the scattered intensity is proportional to
the concentration and the g-dependence of the
intensity reflects the form factor of the aggregates.
The form factors for the bare and coated CeO,-
nanoparticles have been shifted vertically so as to
superimpose the scattering cross-sections at high
wave-vectors (Figure 2). This result indicates that
on a local scale (i.e. below 5 nm) both particles
have the same structure. A slight deviation below
0.03 A" is ascribed to the PAA corona surrounding
the particles. This is also illustrated in the inset
(Figure 2) as intensities in a Guinier representa-
tion. The logarithm of the intensity decreases lin-
early with g? and from the straight lines we deduce
a radius of gyration R, = 3.52 £ 0.02 nm for the
bare particles and R, = 4.8 + 0.02 for the coated
CeO,-PAA,, particles. As q — 0, the intensity of
the coated particles is 1.4 times that of the bare
nanoceriums. This value can be used to estimate
the number of adsorbed polymers. We assume
that a coated nanoparticle is of the core-shell
type, having electronic densities Pceo2 and Peaa.
The excess of intensity as q — 0, due to the PAA
shell with respect to that of the bare particles, may

precipitate turi:ici'| transparent
(B) 20 I I T T 1 1 I T T
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Figure 1. (A) Series of CeO,-PAA,, solutions prepared

at different pH. The mixing of the polymer and cerium
solutions was made at pH 1.4, and the pH was further
adjusted with NH,OH. Above pH 7, the precipitate is
redispersed. (B) Hydrodynamic diameters measured by
dynamic light scattering on CeO,-PAA,, solutions during the
P-R (close symbols). At pH 10, the PAA,,-coated cerium sol
is stable and it can be brought back to pH 6 without noticing
any change in the dispersion (empty symbols). Below pH 6,
the nanoparticles start to aggregate.

be estimated:

lceo2-PAA
lceo2

v 2
_ PPAA - Ps VPAA
= 1+nadS e —

g0 Pceo2 = PS Voo

where pg is the electronic scattering den-

sity of the solvent, V,,, is the molar volume of
poly(ammonium acrylate) polymer, and V_, is
that of the bare particle. We calculate the num-
ber of adsorbed polymers n_ = 34 + 6. This was
corroborated by static light scattering and total
organic carbon measurements. The final amount
of 40 — 50 polymers per particle corresponds to
1/5 of the total weight of the coated particles.

An insight into the conformation of the adsorbed
polymeric corona is obtained. With 50 chains per
particle and a monomer molar volume v, = 54.8 A3,
the radius of the polymer nanoparticles would be
increased by 0.4 nm. With a fully extended poly-
electrolyte corona the hybrid nanocolloid would
result in D,, = 18 nm. With the intermediate redis-
persed D, ~ 13 nm, the PAA conformation may be
described as multisite adsorption of —-COOH moi-
eties along the contour length with the remainder
constituting a solvated polyelectrolyte brush.

The P-R process is a simple route to obtain single
nanoparticles irreversibly coated with PAA chains.
With a 2 — 3 nm polyelectrolyte brush surround-
ing the particles, the cerium sols are stable over
a broad range of pH values and concentrations.
The process described could easily be extended
to other nanoparticle systems. This opens new
opportunities with electrostatic self assembly as

a means to dramatically improve the stability of
inorganic nanosols.
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Figure 2. X-ray scattering intensity for bare and PAA,, -
coated nanoparticles in double logarithmic scale. The
concentrations are in the two cases ¢ = 0.5 wt. %. At such
low concentrations, the intensities represent the form
factors of the particles. The deviation below 0.03 A is due
to the PAA corona surrounding the particles. Inset: Guinier
representation of the intensity for the same samples (I(q)
versus g°). From the straight line, the radius of gyration R
of the nanoceria (= 3.52 + 0.02 nm) can be calculated.
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411TH BROOKHAVEN LECTURE
‘SHINING LIGHT ON THE CAUSE OF
ALZHEIMER’S DISEASE’

January 18, 2006

Alzheimer’s disease is a progressive brain disor-
der that gradually destroys a person’s

memory and ability to learn, reason, communicate,
and carry out daily activities. An estimated 4.5 mil-
lion Americans have it, a number that is expected
to triple over the next 50 years. Today, one in ten
people aged 65 and half of people over 85 are
affected.

Lisa Miller

The cause of Alzheimer’s disease is thought to
involve the formation of “plaques” — tiny aggre-
gates of a naturally occurring, but misfolded or
misshapen protein — in the brain. Recently, the
formation of these plaques has been associated
with the binding of metal ions such as iron, cop-
per, and zinc. Yet the function of these metal ions
and the misfolded proteins in the disease process
is not well understood.

Now, synchrotron infrared and x-ray microscopes
are used to image the protein structure and metal
content in the Alzheimer’s-affected brain tissue,
providing a better understanding of how the dis-
ease occurs and potential ways of preventing it in
the future.

Biophysical chemist Lisa Miller of the National
Synchrotron Light Source Department (NSLS)
gave the 411th Brookhaven Lecture on this
research in her talk “Shining Light on the Cause
of Alzheimer’s Disease,” on January 18, 2006 in
Berkner Hall.

Lisa Miller obtained her B.S. in chemistry from
John Carroll University in 1989, her M.S. degree
in chemistry from Georgetown University in 1992,
and her Ph.D. in biophysics from the Albert Ein-
stein College of Medicine in 1995. Rejoining Albert
Einstein in a faculty position, she worked with BNL
scientists to develop new tools using synchrotron

light to study biological and medical problems.

She joined the NSLS in 1999 and uses x-ray and
infrared imaging to study diseases such as osteo-
arthritis, osteoporosis, and Alzheimer’s. She is
also an adjunct Assistant Professor in the Depart-
ment of Biomedical Engineering at Stony Brook
University, and she heads the NSLS Information &
Outreach Office, which communicates NSLS sci-
ence to other scientists, government officials, and
the community.

— Liz Seubert

NSLS ONE OF 10 BNL ORGANIZATIONS
TO ACHIEVE OHSAS 18001 REGISTRA-
TION

January 19, 2006

Lab Director Praveen Chaudhari and Safety &
Health Services Division Manager Pat Williams
held a celebration on January 19, 2006 to show
BNL's appreciation to the many dedicated employ-
ees who worked for 12 months to prepare seven
organizations — the Superconducting Magnet
Division (SMD), Basic Energy Sciences (BES)
Directorate, Instrumentation Division, Physics
Department, National Synchrotron Light Source
(NSLS), Environmental & Waste Management
Services (EWMS) Division, and Staff Services
(SS) Division — for successful registration of
their occupational safety management systems to
Occupational Health & Safety Assessment Series
(OHSAS) 18001.

OHSAS 18001 is widely acknowledged as offer-
ing one of the best guidelines available for safety

Among those who celebrated the successful registration

of seven more BNL organizations to the OHSAS 18001
safety management standard are hosts Praveen Chaudhari
(front, second from left) and Pat Williams (front, second
from right); and, between them, from left: BNL organization
representatives Tom Kirk, Sally Dawson, John Taylor,
Robert Casey, Michael Clancy, and Veljko Radeka, with Jeff
Swenson (front, left).
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management systems and it is a significant en-
hancement of the Integrated Safety Management
System that was already in place on site. In addi-
tion to the certificates of appreciation presented
to all those in attendance, framed OHSAS 18001
Certificates of Registration were presented to
Chaudhari as representing BNL, and to Tom Kirk
for SMD, John Taylor for BES, Veljko Radeka for
Instrumentation, Sally Dawson for Physics, Robert
Casey for NSLS, Michael Clancy for EWMS, and
Jeff Swenson for SS.

Together with the three pilot organizations that
were successfully registered in September

2004 — the Central Fabrication Services Division,
Collider-Accelerator Department,

and Plant Engineering Division — BNL now has

a total of 10 organizations’ occupational safety
management systems that have achieved OHSAS
18001 registration.

Regarding future plans for the Lab, Jim Tarpinian,
Assistant Laboratory Director for Environment,
Safety, Health, & Quality, explains, “In 2006, we
will expand the OHSAS 18001 registration to
include the balance of BNL organizations. The
important thing for BNL is not the registration
itself, but the processes of job-risk assessments,
employee involvement, goals and objectives,
management review, and continual improvement.
OHSAS 18001 is a significant enhancement to our
Integrated Safety Management System.”

— Maria Beckman

JOINT PHOTON SCIENCES INSTITUTE
ESTABLISHED

January 23, 2006

A new initiative in photon sciences will capitalize
on the unique capabilities of NSLS-II.

A partnership between the DOE and New York
State, the Joint Photon Sciences Institute (JPSI),
will serve as an intellectual center for develop-
ment and application of the photon sciences and
as a gateway for NSLS-II users. It will enhance
scientific programs that use the powerful photon
beams by cultivating and fostering collaborative,
interdisciplinary R&D.

New York State Governor George Pataki recently
committed to providing $30 million for the JPSI
building, which will be located next to NSLS-II and
provide office space, meeting areas, and special-
ized state-of-the-art laboratories. The operating
expenses of the institute and its research pro-
grams will be covered by funding from the federal
government, including the Department of Energy,
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New York State Capitol Building, Albany

the National Institutes of Health, the Department
of Defense, and others. Research will be focused
around several multi-year scientifically and techno-
logically relevant research initiatives.

Over the past few decades, the power of photon
sources has increased dramatically, and they

are now used for a broad spectrum of research.
Modern research increasingly requires interdisci-
plinary work that either spans multiple scientific
disciplines or falls at the boundaries between
them. JPSI will be an interdisciplinary institute
devoted to basic research in areas of the physi-
cal sciences, engineering, and the life sciences
that are united in employing synchrotron-based
methods. JPSI will also develop new methods and
applications that exploit the unique capabilities of
NSLS-II.

JPSI will have great flexibility in making scientific
appointments, encompassing both Brookhaven
scientists and faculty from universities. Junior and
senior fellowships and sabbatical programs will
draw the best photon scientists from institutions
worldwide for interactions with the resident staff
and user communities. An important element of the
institute’s mission will be training new researchers
and enabling established researchers to embark
on new directions in interdisciplinary research.
JPSI will also host interdisciplinary workshops that
highlight new opportunities, foster new collabora-
tions, and promote JPSI initiatives in emerging
areas of photon science.

— Steve Dierker

NSLS EXAMINES PIECES OF STAR DUST

January 25, 2006

Launched on February 7, 1999, Stardust’s mission
was to collect dust and carbon-based compounds
from a passing comet, as well as tiny amounts of

interstellar dust streaming toward Earth from deep



space. Its delivery of this material marks the first
time since Apollo 17 that a NASA spacecraft has
successfully brought back a space-matter sample.

At the NSLS and other synchrotron facilities, por-
tions of that teaspoonful-sized amount of comet
and star dust was studied to determine its compo-
sition and properties. The variety of research tech-
niques available at the NSLS allowed researchers
to maximize the amount and type of information
learned about the dust particles. The information
scientists gather could help answer some very
important, very fundamental questions about the
formation of the solar system and the Earth in
particular.

The initial analysis of these samples, known as
the Preliminary Examination Period, began in the
Stardust Laboratory at NASA’s Johnson Space
Center. Following these first studies, the samples
were divided, prepared, and distributed to quali-
fied investigators, including those at the NSLS,
for more intensive studies. These scientists are
members of the Stardust Preliminary Exam Team.

(From left) George Flynn (SUNY Plattsburgh), Lindsay
Keller (NASA), Larry Carr (NSLS), and Randy Smith
(NSLS) examine samples from the Stardust mission at
beamline U10A.

At the NSLS, analyses took place at beamline
X26A, led by physicist and Stardust co-investiga-
tor George Flynn (SUNY Plattsburgh). Flynn is
leading a worldwide group of scientists who will
perform chemical composition measurements on
the comet samples collected by Stardust. The
extremely tiny and bright x-ray beams produced at
beamline X26A are an excellent tool for analyzing
the particles, which are just 10-20 millionths of a
meter in diameter (so small that five particles fit
across the width of a single human hair). Using
these capabilities, the X26A scientists were able
to extract chemical and mineralogical information
from the sample without the need to remove the
dust particles from the “aerogel” substance used
to capture them in space.

After the particles
were extracted
from the aerogel,
they were analyzed
at other beamlines
using both x-rays

; 4
? (X1A1), and infra-
w red light (U10A and

U10B). At beamline
X1A1, a powerful
imaging device
called a scanning
Stardust particle (crystalline object transmission x-ray
with dark borders), embedded microprobe (STXM)
in the aerogel collector. (Photo was used to collect
courtesy of NASA) detailed images

of the particles.

The STXM employs a technique known as x-ray
absorption near-edge structure (XANES) to gather
information about the elemental makeup of the
particles, especially the carbon found in organic
compounds. Flynn’s studies using the STXM can
identify organic compounds within some of the
smallest Stardust particles - compounds that may
have formed at the birth of our solar system.

In a concurrent set of studies, Flynn and Star-
dust co-investigator Lindsay Keller used infrared
light to identify specific minerals within the dust
particles. Keller, who leads the group of scientists
who will perform optical studies of the Stardust
samples, is a lunar and planetary scientist with
NASA’s Johnson Space Center. The far-infrared
microscope at beamline U10A, which can sense
the unique vibrations of atoms in crystalline solids,
is an excellent tool for identifying specific miner-
als within the Stardust sample. The mid-infrared
light produced at beamline U10B was also used
to characterize any organic material found in the
particles. Unlike x-ray methods, the information
collected using these infrared techniques can be
compared with the astronomical observations of
distant interstellar dust clouds, including those
involved with the formation of planetary systems
like ours.

— Laura Mgrdichian

TWO NSLS STAFF MEMBERS AWARDED
FOR JOBS WELL DONE

February 2, 2006

Congratulations are due to Peter Siddons and
Nick Gmur, who, respectively, recently were hon-
ored with a Science & Technology Award and a
Brookhaven Award at the Fiscal Year 2006

BNL Employee Recognition Award Ceremony on
February 2.
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Peter Siddons

Siddons, a physicist at the NSLS, was cited for his
outstanding contributions to developing detectors
for use in synchrotron sources. His ideas were
recognized as innovative and original, resulting in
new and unique detectors that make new experi-
ments feasible. He is a strong advocate and lead-
er in the U.S. for detector development and has
made significant advances possible despite the
lack of funding in this area. Over the last several
years, Siddons has directed the NSLS detector
and control group and, in collaboration with BNL’s
Instrumentation Division, has developed a suite

of detectors. These included fast photon counting
detectors for different energy ranges and applica-
tions, linear array detectors, and two-dimensional
detectors. The detectors have been delivered to
users with great success, and have made signifi-
cant impact on scientific programs at the NSLS
and elsewhere. Also, the detector group under
Siddons’ direction has gained worldwide recogni-
tion for the NSLS and BNL. For example, recently
BNL was awarded a multi-year project to construct
two imaging detectors for the Linear Coherent
Light Source project at Stanford Linear Accelera-
tor Center. Facilities in England, Australia and Tai-
wan as well as at Argonne National Laboratory are

Peter Siddons (second from left) at the BNL Employee
Recognition Award Ceremony with the other Science &
Technology Award winners. They are Stephen Schwartz of
the Environmental Sciences Department (far left), James
Alessi of the Collider-Accelerator Department (second from
right), and Peter Vanier of the Nonproliferation & National
Security Department (far right). Not pictured: Alexei Tsvelik
of the Condensed Matter Physics & Materials Science
Department.

interested in or already actively collaborating with
Siddons’ group. He received his Ph.D. in physics
at Kings College, London, and joined BNL in 1985.

The Science & Technology Award (presented by
Peter Bond, Deputy Interim Director for Science
& Technology) recognizes distinguished contribu-
tions to BNL’s science and technology mission
over one or more years. Nominations for the
Science & Technology Award are made by
organization heads. The three criteria considered
for this award are the exceptional nature of the
employee’s contributions, their level of difficulty,
and their benefit to BNL.

3-6

Nick Gmur

Gmur was cited for his outstanding work as the
NSLS Environmental Safety & Health (ESH) Co-
ordinator. In this role, he is involved in many ac-
tivities within the department that carry into
almost every part of all programs. He has been a
key contributor to challenging ESH issues at the
NSLS that include implementing requirements for

Brookhaven Award winner Nick Gmur (second from left)
at the awards ceremony with the other Brookhaven award
winners. Also presented with Brookhaven awards were
(from left) John DiNicola (Plant Engineering Division),
Raymond Karol (Collider-Accelerator Department), Gerard
Shepherd (Safety & Health Services Division), and Peter
Stelmaschuk (Plant Engineering).

BNL's Integrated Safety Management program and
the internationally recognized ISO 14001 and OH-
SAS 18001 programs. Other major achievements
included writing, conducting, and coordinating re-
views and implementing the accelerator authoriza-
tion basis documents for the Deep-Ultraviolet-Free
Electron Laser, the NSLS and Accelerator Test
Facility, and the NSLS Environmental Assessment
required by the National Environmental Policy

Act. In addition, Gmur resolves many smaller is-
sues daily. He is recognized for his leadership, for
bringing great attention to quality and detail, and
for always getting the job done on schedule. He

is widely respected throughout BNL for his efforts
and is an excellent representative of the NSLS.
Gmur, who came to BNL in December 1975, has a
B.S. in zoology and chemistry from McGill Univer-
sity and an M.S. in biology from the University of
Michigan.

Presented by Laboratory Director Praveen Chaud-
hari, the Brookhaven Award recognizes key con-
tributors in support functions whose performance
and achievements represent outstanding service

to the Laboratory. Nominees for the Brookhaven
Award are evaluated by the exceptional nature and
difficulty level of the contributions, their benefit to
the Laboratory, and the length of time over which
the contributions were made.

— Laura Mgrdichian



NSLS RESEARCHERS PRODUCE A
PRAISEWORTHY POSTER

March 1, 2006

At the Materials Research Society semi-annual
meeting, an NSLS research group received a spe-
cial honor. Its meeting poster, one of hundreds,
was chosen as one of only six to receive a “best
poster” award.

Elaine DiMasi (left) and poster presenter
Karthikeyan Subburaman.

The group, which includes scientists from Stony
Brook University, Brookhaven National Laboratory,
and the City University of New York, is studying
“biomineralization,” the process by which organ-
isms create mineralized tissues, such as bones,
teeth, and shells. The collaboration includes NSLS
scientist Elaine DiMasi, as well as Karthikeyan
Subburaman (SBU), Nadine Pernodet (SBU), Seo-
Young Kwak (BNL), Shouren Ge (SBU), Nan-Loh
Yang (CUNY), and Miriam Rafailovich (SBU). They
presented their poster at the MRS Fall 2005 meet-
ing, held November 27 through December 1 in
Boston, Massachusetts.

Biominerals are interesting, in part, because they
are typically much stronger than ordinary miner-
als. As such, they may one day be used to create
a new class of nanoscale composite materials.
First, however, the underlying mechanisms of
biomineral formation and structure must be better
understood.
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Elastin protein networks imaged by AFM (a) before
mineralization and after (b) 30, (c) 60, or (d) 120 minutes
of exposure to mineral. The fibrous parts of the protein
become thicker and stiffer as they induce calcium
carbonate mineralization.

The group’s winning poster is a summary of their
research on eggshell protein mineralization. They
use this as a model to study biomineralization in
general, since the formation of an eggshell can
be thought of as a process that includes a series
of steps. First, the shell’s support membrane is
formed and proteins are deposited onto it. Then,
the minerals that make up the shell begin to form
and grow, using the protein deposits as nucleation
points. Finally, the mineral forms a crystal struc-
ture on top of the protein-fiber network.

The researchers studied this process using real
“extracellular matrix proteins” — the type of pro-
teins that make up skin tissue, for example. They
used networks of these proteins as the basis of
the mineralization process and then studied the
mineralized proteins using a powerful imaging de-
vice called an atomic force microscope (AFM).

As described in their poster, their results show
that, at the eggshell’s early growth stages, only
the fibrous portions of the proteins accepted
calcium carbonate, the mineral. The fibers be-
came thicker as the calcium was incorporated and,
ultimately, large mineral crystals appeared. The
group hopes to build on these results by learning
exactly how the proteins induce the mineralization
process.

— Laura Mgrdichian

GENERAL BARRY MCCAFFREY TOURS
THE NSLS

March 1, 2006

During a visit to BNL on March 1, Barry McCaf-
frey, a retired four-star general from the U.S. Army,
toured the NSLS.

McCaffrey came to BNL with a view to using his
specialized experience to help the Laboratory
focus on ideas to increase its sponsorship in areas
related to homeland security and the understand-
ing and treatment of drug addiction.

At the NSLS, he was guided on a tour of the
beamline floor by NSLS scientist Peter Siddons,
who explained how the facility works and gave an
overview of the science done. McCaffrey ex-
pressed interest in the range of scientific research
that is performed at the NSLS, the type of users
(academic, industry, etc.), and how the NSLS facil-
ity is organized.

McCaffrey’s visit also included tours of the Posi-
tron Emission Tomography imaging facility, the
Radiation Detector Testing and Evaluation Facility,
and labs developing nuclear-detector instrumenta-
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From left, General Barry McCaffrey, Ralph James (BNL-
EENS), Gabriella Carini (BNL-EENS), Peter Siddons (BNL-
NSLS), and Alexey Bolotnikov (BNL-EENS).

tion. This gave him first-hand contact with several
BNL scientists and an opportunity to learn more
about some of the Lab’s research and develop-
ment programs.

McCaffrey, who served as the Commander in-
Chief of the U.S. Armed Forces Southern Com-
mand, coordinating all national security operations
in Latin America, also served as the Director for
Strategic Plans and Policy on the Joint Chiefs of
Staff. In addition, he followed this distinguished
record by serving as Director of the Office of
National Drug Control Policy under President Bill
Clinton from 1996-2001.

— Laura Mgrdichian

NSLS STUDENT=-RESEARCHER TALKS AT
THE MARCH APS MEETING

March 13-16, 2006

Each year, the NSLS hosts several high school
and college students, who come to the facility to
perform research using its bright beams of x-ray,
ultraviolet, and infrared light. This year, four of
these students presented the results of their
research at the March meeting of the American
Physical Society (APS) in
Baltimore, Maryland.

Michael DiBiccari, a
senior at Hauppauge High
School in Hauppauge, New
York, worked with NSLS
biophysicist Elaine DiMasi.
His project was part of a
wider research effort on
the study of biomineraliza-

Michael DiBiccari
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tion, the process by which living organisms pro-
duce minerals, such as shell and bone. He studied
diatoms — single-celled algae with outer shells
composed of biosilica, a type of biomineral. DiBic-
cari used x-rays to identify the atomic structure of
the biosilica, which he then compared to the struc-
ture of synthetic silica. His results showed that
the structures of both materials were identical. He
discussed this research and its implications on
March 16, 2006, at 1:15 p.m. in Room 323 of the
Baltimore Convention Center.

Two graduate students
working at the NSLS also
gave talks on their re-
search. Kathryn Krycka,
from Stony Brook Uni-
versity, works with NSLS
scientist and chair Chi-
Chang Kao and Professor
Sara Majetich of Carnegie
Mellon University. Using
an x-ray technique known
as small-angle resonant
x-ray scattering, she
studied the size and internal structure of magnetic
nanoparticles, which often consist of metal-only
cores surrounded by thin metal-oxide shells. This
work is important for understanding the magnetic
properties of nanoparticle systems. In her talk, on
March 14, 2006 at 9:24 a.m. in Room 319 of the
Baltimore Convention Center, she discussed her
recent work on cobalt-oxide nanoparticles.

Kathryn Krycka

Raji Sundaramoorthy,

a student of NSLS user
scientist and collabora-
tor Alex Weiss from the
University of Texas at Ar-
lington, worked with NSLS
scientist Steve Hulbert.
She studied photon-stimu-
lated “Auger” decays in
solids, a type of multi-
electron decay. In this
process, an incoming x-ray
photon creates a “hole,” or
positively charged electron vacancy, in one of the
atom’s core levels. The hole then is filled by an
electron that jumps down from a higher electron
orbital, which in turn causes an electron (the Au-
ger electron) to be ejected from the solid. An Au-
ger decay often results in a cascade of additional
decays, leaving the atom ionized. At the NSLS,
Sundaramoorthy closely studied this process in
the compound manganese oxide, and compared
her results to that of silver and palladium. Her talk
took place at 10:12 a.m. on March 13 in Baltimore
Convention Center Room 311.

Raji Sundaramoorthy

Samantha Palmaccio, another high school student
working with DiMasi, attends Sachem High School



in Farmingville, New York. She investigated the
biomineralization of protein fibers, which is one
step in the process by which many organisms
form shells. Recently, she studied the “growth” of
the mineral calcium carbonate on a protein-fiber
network. Her results show that the strength of
the mineral increases over time as it covers the
fibers. This is unlike stand-alone calcium carbon-
ate. Additionally, using a powerful microscope, she
was able to study the crystal structure formed by
the mineral. Palmaccio presented her results on
March 13, 2006, at 8:24 a.m. in Room 326 of the
Baltimore Convention Center.

“The NSLS considers education to be an important
part of its scientific program and mission,” said
Kao. “As is also evident by these talks, students at
the NSLS are working on a wide range of exciting
research topics.”

— Laura Mgrdichian

NEW WRINKLE IN THE MYSTERY OF
HIGH=T. SUPERCONDUCTORS

March 13-16, 2006

In the 20 years since the discovery of high-tem-
perature (Tc) superconductors, scientists have
been trying to understand the mechanism by
which electrons pair up and move coherently to
carry electrical current with no resistance. “We
are still at the beginning,” says Tonica Valla of
the Condensed Matter Physics & Materials Sci-
ence Department (CMPMS), who gave a talk on
his group’s latest results at the March American
Physical Society meeting in Baltimore, Maryland.
“If anything,” he adds, “it looks as if the story is
getting more complicated.”

The research of Valla and his group, which in-
cludes Alexei Fedorov, now of Lawrence Berkeley
National Laboratory’s Advanced Light Source, and
Peter Johnson and Genda Gu, both of CMPMS,
was funded by the Office of Basic Energy Sci-
ences within DOE’s Office of Science. In 1999,
Valla’s group was the first to observe a “kink” in
the energy level of electrons in high-Tc supercon-
ductors just as they went through the transition
temperature from their normal to superconduct-
ing state. The kink was the first clue to explaining
what the mechanism of electron pairing might be.
“The kink gave us the hope that we could iden-
tify the interaction that was responsible for the
electron pairing,” Valla said. Some groups hold
that the mechanism is the same as in conven-
tional superconductors — that is, that phonons, or
vibrations in the crystal lattice, are responsible for
electron pairing.

Other scientists believe that changes in the spin
alignment, or magnetic polarity, of adjacent elec-
trons — known as magnons — are responsible.
“The problem is that there are both phonons and
magnons in the crystal with the energy where we
see the kink, so it is still not clear,” Valla says.

The latest wrinkle uncovered by Valla’s group is
the observation of similar energy scales and gaps
in a material that is not a superconductor. The ma-
terial is a special form of a compound made of lan-
thanum, barium, copper, and oxygen, where there
is exactly one barium atom for every eight copper
atoms. With less or more barium, the material acts
as a high-Tc superconductor (in fact, this was the
very first high-Tc superconductor discovered). But
at the 1:8 ratio, the material momentarily loses its
superconductivity.

Tonica Valla

“The fact that this system, which is not a super-
conductor, has similar properties to the supercon-
ducting system is not helping to solve the mys-
tery,” Valla says. But then he notes that 20 years
since the discovery of high-Tc superconductors is
still not that long. “For conventional superconduc-
tors,” he says, “it took about 50 years to come up
with a good explanation for the behavior.

"Valla’s talk was part of a session on the use of
angle-resolved photoemission spectroscopy in

the study of high-Tc superconductors. It included

a discussion of advances in this technique. His
group uses bright beams of ultraviolet light at
beamline U13UB at BNL's National Synchrotron
Light Source to emit electrons from the samples
they are studying. Using high-resolution spectrom-
eters, the scientists measure the energy and the
angle at which the electrons exit the crystal, allow-
ing them to reconstruct the electrons’ state while
in the crystal — their energy level and whether
they had any interactions with phonons and/or
magnons.

— Karen McNulty Walsh
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CERIUM OXIDE NANOTUBES GET
NOTICED

March 28, 2006

Chemists and materials scientists often study
“nanotubes” — capsule-shaped molecules only a
few billionths of a meter (nanometers) in width.
In nanotube form, many materials take on useful,
unique properties, such as physical strength and
excellent conductivity. Carbon nanotubes are the
most widely investigated variety. Now, in pioneer-
ing research, scientists at Brookhaven National
Laboratory have created and investigated the
properties of nanotubes made of a different, yet
equally interesting material: cerium oxide.

“Cerium oxide nanotubes have potential appli-
cations as catalysts in vehicle emission-control
systems and even fuel cells,” says Brookhaven
chemist Wei-Qiang Han, the lead scientist in-
volved in the work. “But until very recently, they
haven’t been studied.”

Han and his colleagues are in the midst of ongo-
ing research into the structure and properties of
cerium oxide nanotubes. As part of this, they have
devised a method to synthesize cerium oxide
nanotubes of high quality. First, they allow the
compounds cerium nitrate and ammonia hydroxide
to chemically react. Initially, this reaction forms
“one-dimensional” nanostructures, such as rods
and sheets, made of the intermediate product
cerium hydroxide. The intermediate product is
then quickly cooled to zero degrees Celsius, which
freezes those structures into place. By letting the
chemical reaction proceed over a long period of
time, a process called “aging,” the hydrogen is
eventually removed from the intermediate product
and a large quantity of the desired end product

— cerium oxide nanotubes — is formed.

Han discussed this synthesis method at the Ameri-
can Chemical Society National Meeting in Atlanta,
Georgia. During his talk, Han also discussed his
group’s recent study
— how cerium oxide
nanotubes release
oxygen ions when
immersed in a low-
oxygen environment,
a process that is
critical to the nano-
tubes’ effectiveness
as catalysts. To do
this, the researchers
used several tech-
niques. These in-
clude “transmission
electron microsco-
py,” a very powerful
imaging technique,

Wei-Qiang Han
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and two x-ray techniques, which they performed at
NSLS beamline X19A.

“We’re interested in studying oxygen-atom vacan-
cies in cerium oxide nanotubes because, when
combined with their other surface features, these
vacancies may make them more functional and ef-
fective in the applications mentioned,” Han said.

This work was funded by the Office of Basic
Energy Sciences within the U.S. Department of

Energy’s Office of Science.

— Laura Mgrdichian

FUTURE CRYSTALLOGRAPHERS ATTEND
RAPIDATA 2006 AT NSLS

April 23-28, 2006

Once again, 48 future crystallographers from
around the world gathered at BNL for RapiData
2006. This week-long course is designed to intro-
duce students to the best and latest equipment
and techniques. The students also get to meet and
learn from the leading developers of software for
macromolecular x-ray crystallography.

The students and instructors, RapiData class of 2006

The course has been offered annually since

1998 by BNL’s Biology and National Synchrotron
Light Source (NSLS) departments. It reflects the
educational component of the PXRR (Macromo-
lecular Crystallography Research Resource),
funded jointly by the National Center for Research
Resources — a branch of the National Institutes of
Health (NIH) — and DOE’s Office for Biological &
Environmental Research. The course’s usefulness
to the nearly 400 participants since its inception
is apparent from the constant numbers of new
students who sign up each year. Many of these
budding crystallographers are now becoming
experts in the field and sending others from their
institutions to BNL to learn the initial steps of this
highly specialized area of interest.

This year’s course, which ran from April 23-28,



began with three days of lectures and tutorials
taught by scientists from BNL, industry, academia,
and other national labs. Then the beamline staff
and other teachers guided the students through a
marathon, 60-hour data-collection session, which
eventually employed six NSLS beamlines for the
whole time, and three others to help out as need-
ed. At the same time, nine different tutorials were
underway. As usual, half of the students came with
their own specimens to analyze, while the other
half learned as observers.

Said Bob Sweet of Biology, who, with Denise Rob-
ertson and Alex Soares, primarily organized the
course, “This program excites both the students
and the teachers by providing a short ‘total im-
mersion’ in this technology. Students learn how to
obtain and process real data, learning how to lo-
cate and fix problems as they arise. It’s a gripping
experience. About half a dozen of the students left
with potentially publishable results. This is inspir-
ing to everyone in the course.

“The students find that there is always a hands-on
scientific supervisor available to give expert help,
so they can set up experiments in the optimal way,
or find out the next step without wasting time,”
continued Sweet. “We depend on so many team
members for the program’s success: many mem-
bers of the PXRR (the Biology and NSLS Macro-
molecular Crystallography Research Resource),
NSLS staff members, and about 18 outside teach-
ers.”

In addition to the DOE and NIH funding, a special
grant was provided by the International Union for
Crystallography and the US National Committee
for Crystallography to assist half a dozen Latin
American students in attending the course. Addi-
tional support is provided by Brookhaven Science
Associates, the NSLS, and several very generous
equipment vendors and drug companies.

— Liz Seubert

STUDENTS EXPERIENCE THE NSLS VIA
WEBCAST

April 25, 2006

More than 20 chemistry and earth-science stu-
dents from Sayville High School participated in a
unique data-analysis project at NSLS beamline
X15B — without ever entering the NSLS. Via
webcast, they watched as their teachers, assisted
by scientists from Stony Brook University’s (SBU)
Geosciences Department and Brookhaven Lab’s
Environmental Sciences Department, analyzed
soil samples from a creek near the school. This ar-
rangement, which could become a model for other
schools nationwide, allowed an entire classroom

Participants in the X15B webcast, from left: Janet
Kaczmarek, Paul Northrup, Adriana Adler, Mirza Beg,
and Jen Clodius.

of students to remotely observe and interact with
their teachers in real time. Thus, they were able
to share in the research experience without being
present.

The soil samples were taken from various loca-
tions along the creek, from wetlands to uplands,
and from various depths. The students have stud-
ied water and soil samples from the creek in past
work, but this exercise provided the first molecu-
lar-scale information about the soils.

On April 25, as the students watched over the web
(using VRVS, the Virtual Room Videoconferencing
System), teachers Adriana Adler and Janet Kacz-
marek analyzed the samples at the NSLS to deter-
mine what types of sulfur compounds were present
in the soils, and in what amounts. Adler and Kac-
zmarek (who teach chemistry and earth science,
respectively) mounted the samples into the “hutch
box” located at the beamline and scanned each
sample with a beam of x-rays. This resulted in a
set of x-ray absorption “spectra” for sulfur — mea-
surements that show how the sulfur compounds

in the soils absorbed the x-rays. Since every
compound absorbs x-rays differently, this analysis
uncovered the identity and relative amount of each
sulfur compound present. The proportions of these
compounds reveal important information about the
soil samples and the wetlands ecosystem, such

as how organic matter decays in soils at different
depths and under different conditions. The sulfur
compounds can also indicate how environmental
contaminants will behave in the wetlands.

As Adler and Kaczmarek worked at the beamline,
they were able to see their students. Simultane-
ously, their students could see them. Thus, the
webcast provided valuable two-way interaction.

“The webcast was a fantastic experience for stu-
dents,” said Adler. “We attempt to provide many
opportunities for hands-on laboratory exercises for
our students. Bringing the NSLS beamline ‘into the
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classroom’ and allowing students to direct experi-
ments at the NSLS from the classroom opened

a valuable teaching tool for us at Sayville High
School.”

Kaczmarek commented, “This was an invaluable
experience both for myself and the high school
students involved with the webcast. | don’t think
many high school students can say that they were
part of an experiment run at world-known BNL. |
see much potential with this type of educational
outreach and the benefits to all parties involved. It
is all very exciting.”

The webcast stems from a Research Experience
for Teachers (RET) project called “High School
Teacher Training in an EMSI: Bringing First-Hand
Research Experiences from the Lab to the Class-
room,” which is being conducted at the Center

for Environmental Molecular Science (CEMS)

at SBU. This project is a collaboration between
CEMS and an initiative within the Brookhaven

Lab Office of Educational Programs (OEP) called
“Building Leadership to Expand Participation in
Environmental Molecular Science.” Both programs
are funded through National Science Foundation
(NSF) supplements to CEMS, which is a collabora-
tion between SBU Geosciences and BNL Environ-
mental Sciences departments and is co-funded by
the NSF and the U.S. Department of Energy. As
part of the RET program, both Adler and Kacz-
marek have undergone research training at CEMS,
focused on the integration of molecular-scale ap-
proaches for studies of environmental chemistry.
Both teachers also attended an NSLS-sponsored
introductory seminar on x-ray absorption spectros-
copy applications.

The CEMS personnel who enabled this project
include Richard Reeder (Director of CEMS and
Professor of Geoscience at SBU), Mirza Beg (En-
vironmental Education Specialist at CEMS), Paul
Northrup (CEMS Principal Investigator from BNL'’s
Environmental Sciences Department), and Mari-
anna Kissell (a CEMS graduate student conduct-
ing research at NSLS beamline X15B). The project
was also enabled by OEP personnel, including
Ken White (OEP Manager), Jen Clodius (Senior

Students tune in to the X15B webcast.
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Educational Programs Representative), and Scott
Bronson (Educational Programs Administrator).
OEP provided guidance on the use of the VRVS
technology and made the broadcast successful.
Clodius coordinated the webcast at the beamline,
while Bronson managed it at the school.

Northrup, a beamline scientist for X15B, devoted
beam time, as well as his own time and expertise,
to the project. His efforts were critical to the proj-
ect’s success. Northrup, along with Kissell, also
provided scientific support to the teachers. Admin-
istrative support was provided by the chair of the
Science Department at the Sayville High School,
Brian Vorwald. Mike Tabor, head of the school’s
Technology Department, provided computer and
network support.

The outcome of the webcast was very positive. It
generated considerable interest among the stu-
dents. During the experiment they asked questions
about x-ray absorption spectroscopy, beamline
operation and safety procedures, the results of the
analysis, and the NSLS in general. The organizers
of the webcast are hopeful that this event could
serve as a pilot for other scientific facilities and
schools across the country.

Northrup and beamline X15B are supported by the
Office of Biological and Environmental Research
(Environmental Remediation Sciences Division)
within the U.S. Department of Energy’s Office of
Science, through the BNL EnviroSuite initiative.

— Laura Mgrdichian

NSLS’ YOUNGEST SCIENTISTS LEARN
FROM LIGHT ON 'TAKE OUR DAUGH-
TERS AND SONS TO WORK' DAY

April 27, 2006

On April 27, more than 30 daughters and sons
of NSLS users and staff learned about some of
the scientific programs at the NSLS, and even
performed their own scientific experiments. The
one-day visit was part of the national “Take Our
Daughters and Sons to Work Day.”

Upon arriving at the NSLS, the children learned
that the facility produces many types of light, from
microwaves to x-rays, and that this light has many
applications in many fields, including electronics,
catalysis, microscopes, and medicine. Then the
fun started!

This year’s program focused on liquid nitrogen,
which is used by most scientists at the NSLS. The
children were taken down to the NSLS experi-
mental floor, where they were given 30 minutes



Participants in the 2006 “Take our Daughters and Sons to
Work Day” at the NSLS

to count the number of beamlines that used liquid
nitrogen. They questioned beamline scientists and
learned that liquid nitrogen is used for cooling
samples, detectors, magnets, and monochroma-
tors. Upon summing the beamlines at the end of
the tour, the children were amazed to find that
more than 40 beamlines use liquid nitrogen on a
daily basis.

Next, the children experienced the wonders of
liquid nitrogen first-hand. By immersing an inflated
balloon in liquid nitrogen, they discovered that the
air inside of the balloon contracts, and then re-ex-
pands when warmed up. The children also learned
that a tiny pinhole in a ping pong ball will cause
the ball to spin wildly after being removed from
liquid nitrogen. Other experiments included mak-
ing a liquid nitrogen banana-hammer and an “ice
egg” with a water balloon. They also listened to a
“boiling” tea kettle and learned about the wonders
of superconductivity, a phenomenon that becomes
possible when certain materials are cooled to very
low temperatures using liquid nitrogen.

But perhaps the most memorable experiment was
the “grand finale”: The students mixed cream,
sugar, and strawberries with liquid nitrogen to
make the fastest (and perhaps tastiest) ice cream
ever.

— Laura Mgrdichian

NSLS BIOPHYSICIST LISA MILLER
AWARDED TENURE

May 1, 2006

Brookhaven Science Associates (BSA) granted
tenure effective May 1 to six BNL scientists: Wol-
fram Fischer, Collider-Accelerator Department;
Frithjof Karsch, Physics Department; Lisa Miller,
National Synchrotron Light Source Department;
Peter Steinberg, Chemistry Department; Daniel

van der Lelie, Biology Department; and Vitaly
Yakimenko, Physics.

At the NSLS, Miller was awarded tenure for her
outstanding research in the application of spectro-
scopic synchrotron imaging probes in the biomedi-
cal field, her leadership in building a new synchro-
tron user community, and her extensive outreach
activities.

Miller earned her Ph.D. in biophysics from the
Albert Einstein College of Medicine, where she is
still a visiting assistant professor in the Depart-
ment of Medicine. She joined the NSLS as an as-
sistant biophysicist in 1999, rising to biophysicist
by 2003. Since then, she has most fully developed
her research in the areas of mineralization in bone
and aberrant protein folding, which are of central
importance respectively in osteoporosis and in
neurological diseases such as Alzheimer’s and
scrapie. Concerning the scientific impact of her
bone research, for example, she is recognized as
having provided unique insights into the site-spe-
cific chemical composition of bone that are impor-
tant for both industrial and academic researchers.

Said NSLS Chair Chi-Chang Kao, “Lisa has made
major contributions to research in bone and pro-
tein-folding diseases and to the development of
synchrotron-based biomedical imaging techniques.
She is widely
recognized for
the creativity
and originality of
her work, which
has resulted in
a superb record
of publications,
invited talks,
and funded
proposals. The
very active user
program in bio-
medical imaging
that she has
developed at in-
frared beamline
U10B is being
emulated at
other facilities.
Her leadership, educational supervision, and out-
reach activities are outstanding, and she is truly a
valuable member of the NSLS staff.”

Lisa Miller

Miller was honored in 2002 with a DOE Outstand-
ing Mentor Award and in 2005 by Brookhaven
Town for outstanding contributions to science and
the community. She is also an adjunct assistant
professor in the Department of Biomedical Engi-
neering at Stony Brook University.

— Liz Seubert
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QUITE A REMARKABLE SPRING:
NOTES FROM THE 2006 NSLS-CFN
JOINT USERS’ MEETING

May 15-17, 2006

A rosy future was forecast for Brookhaven’s user
facilities at the first-ever joint meeting of the user
communities for the National Synchrotron Light
Source (NSLS) and the Center for Functional
Nanomaterials (CFN), held May 15-17, 2006.

2006 NSLS UEC Members and SplG Representatives
stand with DOE and BNL management.

At the main meeting on May 16, held in BNL's
Berkner Hall, officials from the Laboratory, the
Department of Energy’s (DOE) Office of Science,
and the New York State congressional delegation
painted an optimistic picture for an audience of
several hundred current and prospective users

of Brookhaven’s cutting-edge science facilities

— those that are currently in operation, planned
and under construction,
or eagerly anticipated.
The Laboratory’s interim
director, Sam Aronson,
welcomed the participants
and outlined Brookhaven’s
“extremely strong sci-
ence agenda in terms of
ongoing research and new
facilities that will maintain
Brookhaven as a leader
in world science.” He said
meetings like this are
important places in which to foster new research
collaborations and get updated on the status of
work at the Lab. He said that the Laboratory’s
highest priority is the design and construction of
the NSLS-II, which, along with the CFN, will give
Brookhaven a powerful combination of cutting-
edge research tools.

Sam Aronson

Last fall, the DOE granted “Critical Decision
Zero (CD-0) status to National Synchrotron Light
Source-ll (NSLS-II), the planned world-leading
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successor to the NSLS.
soon, Critical Decision
One (CD-1) will yield a
construction plan and a
site decision will be made.

“The NSLS-II will allow
our science to continue to
flourish and expand, and
keep the United States

in the forefront of light-
source science,” Aronson
said. Citing Brookhaven’s
expected contribution to energy research, Aronson
said that work here “will be vital to that effort for
the U.S. economy and energy security.” He said
that the DOE’s forward-looking investments in
user facilities “will eventually change the face of
the Laboratory. The completion and operation of
the CFN and NSLS-II will profoundly change the
balance of research here.”

Robert McGrath

Following Aronson, Stony Brook University provost
Bob McGrath gave an update on the search for

a new Laboratory director. The search commit-

tee has created a list of potential candidates and
is contacting key individuals of interest. McGrath
said that the committee has a list of 40 people and
will begin serious interviews with 10 of those can-
didates. The committee expects to have a recom-
mendation to Brookhaven Science Associates in
September.

The American Competitiveness Initiative

Pat Dehmer, director of DOE’s Office of Basic
Energy Sciences, outlined the chain of events that
led to the Laboratory’s bright future outlook, which
she termed “a quite remarkable spring.” Focus-
ing on the rollout of the
American Competitiveness
Initiative (ACI) which she
called “great news for the
physical sciences,” Dehm-
er explained that the ACI
doubles funding for DOE’s
Office Science over the
next 10 years. One of the
ACl’s focus areas is the
tools of science, described
as “unique, expensive,
large-scale tools beyond
the means of a single organization.”

Pat Dehmer

Dehmer said that she had anticipated that fund-
ing for Office of Science programs would be flat
or would decline slightly, but that when the ACI
was announced during the President’s State of the
Union speech in January, “a miracle occurred.”
Projected funding for the Office of Basic Energy
Sciences has increased by 25 percent, in large
part because the Office’s work “aligns almost 100
percent with the ACI goals.”



While Dehmer was optimistic about the construc-
tion of the NSLS-II, she cautioned that the project
would have a long construction life, which will be
filled with unanticipated challenges.

“You are embarking on a wonderful journey,” she
said. “You should be euphoric...and frightened.
And you will vacillate between the two.”

She concluded her remarks by urging employees
and users to contact their congressional represen-
tatives to thank them for the support that resulted
in this “completely unexpected” funding picture.

“You must realize how difficult it was to make that
happen,” she said, citing the war, last fall’s hurri-
canes and other budgetary pressures. “Politicians
are people, too. They deserve your thanks, and
they need to hear from you.”

Speaking after Dehmer,
Congressman Tim Bishop
said that he is “so proud of
this Lab, the people who
work here, and the work
that’s moving America
forward in so many dif-
ferent ways.” To see the
administration’s proposed
investments in science is
“encouraging indeed,” he
said. Citing the FY06 bud-
get language stating that
it is the “sense of the Congress” that NSLS-II be
built at Brookhaven, Bishop pledged to continue
pushing for that result.

Tim Bishop

Bishop said the full funding of the CFN is also a
testament to the faith that the Office of Science
has in Brookhaven, as well as to the “strenuous
advocacy” of the New York congressional delega-
tion.

“We speak with one voice on the importance of
this Lab,” he said, and urged attendees to stay in
touch with their representatives.

“Be forceful in your advocacy,” he said. “We value
your professional expertise, and these are impor-
tant issues.”

NSLS-Il Update

The morning’s next speaker, Steve Dierker, BNL
Associate Director for Light Sources, is leading
the effort to bring the NSLS-Il to BNL. Noting that
“the CFN will be producing materials that will be
crying out to be characterized,” he said that devel-
opment of nanoscale materials will be critical for
the development of future energy technologies.

“NSLS-II will be brighter than any existing light
source. None of today’s light sources were de-

signed to probe materi-
als with one-nanometer
spatial resolution and 0.1
meV energy resolution,”
he said. “The changes
that NSLS-II brings will be
transformative.”

Dierker briefly described
plans for the Joint Photon
Sciences Institute (JPSI),
intended to foster develop-
ment of new techniques
and capabilities. He thanked Stony Brook’s Bob
McGrath for helping to secure a $30 million com-
mitment from New York State for a building to
house the proposed institute.

Steve Dierker

“JPSI will serve as an intellectual center for de-
velopment and application of the photon sciences
and as a gateway for NSLS-Il users,” he said.

Dierker showed new drawings depicting the pro-
posed facilities, and noted that there have been
some changes in the design, in particular, the sub-
stitution of a full-energy booster for a full-energy
linac injector. He said that 99 people are currently
working on NSLS-II, and predicted that the pro-
grams would overlap for less than one year before
both will be fully and independently staffed.

“The NSLS-II will be essential for energy security,
and important for U.S. industry, “he concluded.
“It will enable ‘grand challenge’ science in many
diverse fields.”

The Center for Functional Nanomaterials

Doon Gibbs, Associate Laboratory Director for
Basic Energy Sciences and Interim Director of the
CFN, said that an active search is underway for a
permanent CFN director, and he urged attendees
to bring promising candidates to the attention of
the search committee.

He said a broader search
effort will begin this fall,
with an eye to have a per-
manent director on board
by October 2007. Gibbs
observed that the CFN
building’s structural shell
is complete, and that more
than half of the Center’s
equipment will be ordered
by the end of May.

Doon Gibbs

The CFN, whose focus will
be energy security, has added nine new scientific
and technical staff members, bringing the total
fulltime staff total to over 20. He added that the
staff is becoming more collaborative and using
bigger teams.
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Gibbs said that along with NSLS-II, the CFN will
“enable the nanoscience revolution,” and he said
that the joint user meetings should take place
every year or two.

“It is very significant and gratifying that so many
users have come here from all over,” he said. “We
should continue to have such joint workshops be-
cause they perform a valuable service and bring
us together.”

“It really has been fun being interim director,” he
said. “It's an exciting time to lead this project.”

NSLS Update

An update on the work of the NSLS was given by
Chi-Chang Kao, Interim NSLS Chairman. He said
that FY06 was a “tough year,” but observed that
no layoffs were necessary, and he said that fund-
ing prospects for FY07
remain very good.

Kao said the NSLS contin-
ues to serve some 2,300
users per year, and an-
nounced plans for a BNL
User Center to give users
“one-stop shopping,” for
functions including check-
in, badging, and housing.
The user center will also
have extended hours on
nights and weekends.

He said the NSLS hopes to continue to add more
staff on the floor, which he termed important for
both science and safety.

Chi-Chang Kao

“More staff, then more beamlines,” he said.

Kao addressed the issue of orbit stability at the
facility, noting that the staff running the 65 oper-
ating beamlines is not the same staff that built
them.

“There has been some lack of understanding of
the sensitivity of beamline optics to electron beam
motion,” he said. “The beamlines need regular
alignment and performance calibration.”

Along with its usual complement of materials sci-
ence users, Kao noted an “up tick” in the number
of biomedical imaging users. A technique called
Diffraction Enhanced Imaging or DEI has been
developed to image soft tissue samples and
delivers 8 to 33 times greater contrast than digital
mammograms.

“This could eventually have a very wide impact in
the health industry,” he said.

In conclusion, Kao promised both an aggressive
upgrade plan for the facility and close NSLS-CFN
coordination.
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Building Safe Nanomaterials

As science ventures into the nanoworld, concerns
will arise over the potential risks involved in pro-
ducing and working with materials with properties
that may not have previously been observed. Vicki
Colvin, a chemistry professor from Rice University,
spoke about developing nanomaterials with low
environmental impacts.

The future of nanotechnology promises answers
to key questions in science, she said. Of par-
ticular interest to Long Islanders and others in
the northeast United States is a technology to
remove arsenic from water efficiently and in large
quantities. But in considering such advances in
technology, scientists must deal with what Colvin
termed the “Wow to Yuck Trajectory,” in which
the environmental impacts of new technology are
only revealed after the technology is in wide use.
Examples include DDT, which cured malaria but
endangered birds, and refrigerants, which cooled
our houses but led to a hole in the ozone layer.

“Early examination of nanomaterials’ effects will
create a responsible technology,” Colvin said. “Sci-
entific data and analysis should take the debate
about the risks of nanotechnology to the highest
possible technical level.”

Colvin illustrated some of the challenges inher-
ent in attempting to answer questions of risk by
considering the question: Are single-walled carbon
nanotubes (SWNTs) toxic? She pointed out that
there are 20 major types of SWNTs, and four
manufacturing types. All of these types have dif-
ferent lengths, different purification methods, and
10 possible surface coatings, for a possible 50,000
SWNT samples.

“It will be necessary to map out basic structure-
function relationships for nanomaterials and
biological impacts,” she said. “Fundamental nano-
structure will include both chemical and physical
properties.”

NSLS User Science Talks

Following a lunch break, users heard from several
scientists who have conducted research at the
NSLS.

Henry Chapman, a staff scientist at Lawrence
Livermore National Laboratory, spoke on “Ultrafast
Coherent Diffraction Imaging with a Soft X-Ray
Free-Electron Laser.” This vacuum ultra-violet
free-electron laser is located at the Deutsches
Elektronen-Synchrotron (DESY) in Hamburg,
Germany. It generates pulses just 25 femtosec-
onds in duration with more than a trillion photons
per pulse, and is the first free-electron laser to
produce soft x-rays. It is ideal for high-resolution
holography and imaging, Chapman said, and he
showed this by displaying diffraction images and
measurements.



Next, a talk on the “Engineering of Carbon Nano-
tube Structures” was presented by Pulickel M.
Ajayan from the Department of Materials Science
and Engineering at Rensselaer Polytechnic Insti-
tute. His talk focused on recent developments in
his laboratory to fabricate carbon-nanotube-based
structures that are tailored for various applica-
tions. Specifically, he discussed how he and his
group create branched nanotube and nanotube-
hybrid structures for applications such as sensors,
electrical interconnects, and filters.

Before the afternoon break, Lawrence Shapiro, an
associate professor at Columbia University, spoke
on “Decoding Cell Adhesion with Protein Crystal-
lography.” Cell adhesion — connections that allow
cells to stick together — is critical to the formation
of tissues and complex cellular networks, such as
those that make up the nervous system. These
connections are made possible by a few cell-sur-
face protein families. Shapiro discussed how, at
the NSLS and other synchrotrons, high-resolution
protein-crystal structures are beginning to reveal
the atomic-level mechanisms of cell adhesion.

Other Notables

Each year, the NSLS Users’ Executive Committee
(UEC) presents one user with the UEC Commu-
nity Service Award, which honors hard work and
dedication toward bettering the experience of us-
ers and the user community. At the main meeting,
UEC Chair Peter Stephens presented this year’s
award to Bob Sweet (BNL-Biology). More details
on this year’s award can be found in the following
article.

At the conclusion of the main meeting, participants
attended the annual poster session and vendor ex-
hibition. Hors d'oeuvres were served as attendees
mingled and talked, making for a lively, enjoyable
event. Awards were presented to the top student
and postdoc posters, which were on display in the
NSLS lobby during the month of June. The win-
ners were: Elena Loginova (Rutgers University),
Seo-Young Kwak (BNL-NSLS), Shuguo Ma (BNL-
Chemistry), Minhua Shao (Stony Brook Univer-
sity), Jae-Hyuk Her (Stony Brook University), and
Ariane Kretlow (Robert Koch Institute, Germany).
Each winner received a BNL certificate and a $50
American Express gift certificate. Additionally, the
Synchrotron Catalysis Consortium gave out two
poster prizes of its own. First prize went to Shao,
and second prize was awarded to Wen Wen (BNL-
Chemistry).

During the two days after the main meeting, work-
shops were held at locations across the Laborato-
ry. They were "Synchrotron Catalysis Consortium:
New Opportunities for in-situ XAFS Studies of
Nanocatalysis," organized by Simon Bare (UOP)
and Anatoly Frenkel (Yeshiva University); "Soft
Matter and Biomolecular Materials: X-ray Scat-

Poster winners (from left) Shuguo Ma, Minhua Shao, Ariane
Kretlow, Elena Loginova, Seo-Young Kwak, and Jae-Hyuk
Her.

tering Enabled by High Brightness Beamlines,"
organized by Ben Hsiao (Stony Brook University),
Lin Yang (BNL-NSLS), Elaine DiMasi (BNL-NSLS),
and Ron Pindak (BNL-NSLS); "Nanoscale Cor-
relations Heterostructures,” organized by Jim
Misewich (BNL-Material Sciences) and Tony Heinz
(Columbia University); “Chemical and Biological
Applications of X-ray Emission Spectroscopy,”
organized by James Penner-Hahn (University of
Michigan) and Trevor Tyson (New Jersey Institute
of Technology); "Platforms for the Integration of
Biological Systems into Nanomaterials and Inter-
faces," organized by Oleg Gang (BNL-CFN), Dan-
iel Van Der Lelie (BNL-Biology), and Molly Frame
(Stony Brook University); and "VUV Radiometry,"
organized by Jeff Keister (SFA, Inc).

— Kay Cordtz and Laura Mgrdichian

BOB SWEET, THE 2006 UEC COMMU-
NITY SERVICE AWARD RECIPIENT

May 16, 2006

For his extraordinary service, the NSLS Users'
Executive Committee chose Robert M. Sweet for
the UEC Community Service Award.

Biological crys-
tallography has
emerged as an
extremely high-pro-
file research area
with synchrotron
radiation, and Bob
has made numer-
ous contributions to
create and sustain
a vibrant commu-
nity of users at the
NSLS. Bob is the
Principal Investiga-
tor of the Macro-

Bob Sweet
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molecular Crystallography Research Resource
(PXRR), which provides facilities and support at
the NSLS for the benefit of outside and in-house
investigators. The PXRR is supported by the
NIH’s National Center for Research Resources
and the DOE Office of Biological and Environ-
mental Research in its mission to create optimal
facilities and environments for macromolecular
structure determination by synchrotron x-ray
diffraction. With a staff of about 24, the PXRR
innovates new access modes such as FedEx crys-
tallography, builds new facilities, develops remote
participation software, collaborates with outside
groups, teaches novice users, and supports visit-
ing investigators with seven-day, 20-hour staff
coverage.

The PXRR includes six beamlines at X8C,
X12B, X12C, X25, X26C, and X29. Bob’s work
on developing macromolecular crystallography
at the NSLS helped in a continual push toward
improved performance for NSLS beamlines. The
X25 wiggler provided an early demonstration of
the potential for insertion devices at NSLS, and
the mini-gap undulator at X29 has added to that
innovation, and inspired upgrades to mini-gap
undulators for other beamlines, notably X25.

Bob’s efforts have led to the development of
sample-loading automation techniques at the
NSLS, software that enables easy user experi-
mental interaction, and the scope of the PXRR
has established standardization across many
NSLS beamlines, enabling users to move easily
from one beamline to the next.

Bob is warm, easy to talk to, and accessible to
regular users in the community. Through all his
efforts, Bob has likely been the single most im-
portant factor in keeping the NSLS on the cutting
edge of macromolecular synchrotron crystallogra-

phy.

It is thus with great pleasure that Bob Sweet was
given the NSLS Community Service Award for
2006.

ENERGY SECRETARY, UNDER
SECRETARY FOR ENERGY TOUR NSLS

June 2, 2006

On June 2, BNL welcomed Energy Secretary
Samuel Bodman and Raymond Orbach, newly
named Under Secretary for Science at the Energy
Department.

During a whirlwind visit, the Secretary and Under
Secretary met researchers at the NSLS, where
they talked about current and future research.
While discussing applications of synchrotron soft
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ALD for Light Sources Steve Dierker shows
Energy Secretary Samuel Bodman and Under
Secretary Raymond Orbach posters in the NSLS
lobby.

x-rays, NIST physicist, Dan Fischer, gave Bodman
and Orbach a tour of beamline U7A. NSLS bio-
physical chemist, Lisa Miller, showed the Secre-
tary and Under Secretary infrared beamline U10B
and described her group’s work on skin melanoma
while Steve Dierker, Associate Laboratory Direc-
tor for Light Sources, highlighted the prospects for
NSLS-II.

Bodman and Orbach also met researchers at the
Relativistic Heavy lon Collider’s (RHIC) PHE-

NIX and STAR detectors and the molecular beam
epitaxy system laboratory, where they heard about
the Lab’s nanoscience efforts.

Later, the Secretary gave a standing-room-only
talk in Berkner Hall to an audience of employees
and other guests, including Shirley Strum Kenny,
President of Stony Brook University and Chair of
the Brookhaven Science Associates (BSA) Board;
Carl Kohrt, Battelle President, CEO, and BSA
Vice-Chair; and other members of the Board. His
purpose in coming to the Lab, the Secretary said,
was to support the same level of quality in BNL's
future work as that of the greatness of its past

— ensuring that “from RHIC to the new Center for
Functional Nanomaterials to the preferred siting
for the NSLS-II, history will be repeated at the
Lab.”

DOE/BNL Partnership Requires Safety and
Science

In committing to maintaining that tradition, DOE
“requires a partnership between you and us,” Bod-
man said. “We look to this laboratory for excel-
lence in management as well as science.”

“The most important asset the Department has
here . . . is all of you,” he continued. “The per-
sonal safety of all departmental employees and
contractors is a top priority for me.” The Secretary
emphasized that Brookhaven can be proud of its



Energy Secretary Samuel Bodman (front, middle) stands
at beamline U7A with (from left) NIST physicist Dan
Fischer, Under Secretary Raymond Orbach, Battelle
President and CEO Carl Kohrt, Associate Laboratory
Director for Light Sources Steve Dierker, BNL Interim
Director Sam Aronson, and scientists Faisal Alamgir and
Sharadha Sambasivan.

history of scientific achievement and contribu-
tions in many fields, “But, in my judgment, your
safety record requires improvement,” he said. “We
ask you to take care of each other and think of
yourselves. Small accidents are the precursors to
serious accidents.”

Investing in Science

The President understands that we must make in-
vestments to ensure that America retains its world
pre-eminence in science, Bodman said. “That is
why he has proposed the American Competitive-
ness Initiative (ACI), the Alternative Energy Initia-
tive, and the Global Nuclear Energy Partnership
(GNEP). The Energy Department has a major role
in all three programs.”

Through the ACI, the Office of Science budget is
expected to increase by 14 percent in 2007, to
$4.1 billion. This initiative is especially important
to the NSLS, as the Office of Science will direct
additional funds to sectors promising break-
throughs, including supercomputers, nanotechnol-
ogy, energy from biomass, nuclear fusion, and
high-intensity light sources like the NSLS.

Another reflection of Washington’s growing aware-

NSLS scientist Lisa Miller shows Energy Secretary
Samuel Bodman infrared beamline U10B.

ness of the importance of science, the Secretary
pointed out, is Congress’ recent confirmation

of Ray Orbach as “the first Under Secretary for
Science in the history of our Department. The
symbolism involved expresses a role for science
in our country’s government that it has never had
before, and we will take maximum advantage of
it.” Over the next 10 years, even more funding will
come from the AClI — $136-plus billion — to invest
in research and development, improved math and
science education, and incentives to encourage
entrepreneurship and innovation, Bodman said.

GNEP, meanwhile, is a collaboration among sev-
eral countries, Bodman said. The aim is to develop
new technologies to recycle spent nuclear fuel in

a way that cuts proliferation risks while reducing
the volume of waste for disposal. Nine DOE labs,
including Brookhaven, are playing a role in this
program.

The Alternative Energy Program is also focused
on developing new technology. With a 22 percent
increase for FY07, this will translate into more
support for work on cellulosic ethanol, lithium ion
batteries for hybrid vehicles, and hydrogen fuel
cells.

All this effort depends on people, Bodman said,
and pointed to the ACI call for $380 million to
improve mathematics, science, and technical
education in U.S. elementary and high schools.
He cited the work being done by BNL's Office of
Educational Programs as an example of the type
of program needed to “assure that future genera-
tions of scientists and engineers will step forward
to carry on the work that all of you are doing so
ably here today.” In conclusion, the Secretary reit-
erated the “tremendous respect” he had for BNL's
achievements and what he expected the Lab to
achieve in the future. He ended his formal com-
ments by urging Lab employees to e-mail him with
their concerns at any time.

— Liz Seubert with Peter Genzer and Kendra
Snyder

CRYSTAL GROWTH WORKSHOP HAS
CRYSTALLIZING RESULTS

June 12-15, 2006

Hailing from as far as Australia, 40 researchers
shared the complexity of the protein crystal growth
process with leaders in the field at the “Crystalliza-
tion: Focus on Optimization and High Throughput
Techniques” workshop. The fourth annual course
took place at the NSLS from June 12-15, 2006.
Organized by Vivian Stojanoff (NSLS) and Naomi
Chayen (Imperial College London), with help from
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scientists Fabiano Yokaichiya (NSLS) and Jean
Jakoncic (NSLS), East Coast NIGMS Structural
Biology Research Facility, and Stony Brook intern
Matthew Worth, the workshop included a record-
number of 11 hands-on tutorials for participants to
choose from.

The purpose of the three-day course was to help
researchers obtain high-quality protein crystals
through both conventional and non-conventional
methods including the use of oils, novel nucleat-
ing agents, detergents, crystallization in lipid cubic
phase, crystallization with gels and high through-
put techniques. Participants were divided into
groups of three or four, according to their main
interests, and followed practical sessions during
the course. Researchers chose seven of the 11
sessions to attend, whereas last year’s course of-
fered eight sessions.

The participants of the 2006 Crystallization workshop

“What’s unique about this course is that it is a real
hands-on experience,” Stojanoff said. “You really
get to try these things out yourself.” This unique
aspect inspired about a third of the participants to
bring their own proteins on which they tried differ-
ent methods. A few participants actually produced
crystals from the proteins they brought, which
were screened on beamline X6A on the last day of
the workshop.

Experts in the academic and industrial crystalliza-
tion field gave a series of talks and tutorials. Neer
Asherie (Yeshiva University) discussed “Under-
standing Protein Phase Behavior,” Marie-Claude
Marchand (Qiagen Inc.) discussed “The Vapor
Diffusion Method and Optimization,” Gwen Nneji
(Imperial College of London) discussed “Non-stan-
dard Crystallization Techniques,” Pat Loll (Drexel
University) discussed “Membrane Proteins and
Detergents,” Peter Nollert (Emerald BioSystems)
discussed “Micro Crystallization using the Lipidic
Cubic Phase Methodology,” Ingo Grotjohann
(Arizona State University) discussed “The Role of
the Phase Diagram in the Crystallization of PSI
and PSII,” and Abel Moreno (Universidad Nacional
Autonoma de Mexico) discussed “Gels and Fields:
What Can They Say About the Phase Diagram?”
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Practical sessions also included talks by Troy
Burke (GE Healthcare), Marcia Armstrong (Qiagen
Inc.), Trevor Harvard (Precision Detectors), Craig
Sterling (Emerald BioSystems), Chris Gawronski
(Fluidigm), and NSLS Interim Chairman Chi-Chang
Kao, who gave participants an introduction to the
light source facility.

In addition, by request of last year’s participants,
a special session on cryogenic protection and
quality assessment of crystals was conducted at
beamline X6A on the last day of the workshop.
Seetharaman Jayaraman (Columbia Universtiy)
introduced the topic and conducted demonstra-
tions in the New York Structural Biology Center
Laboratory.

The course attracted researchers with all levels of
crystallization experience, including current NSLS
users who have previously encountered problems
with their crystals. “The course brings new people
and awareness to companies about the NSLS and
mutual benefits we can have,” Stojanoff said.

One participant commented on the course survey:
“It is better than a conference. In a conference,
people present results, but in this workshop, we
are shown how to get results.”

Stojanoff stressed her appreciation to the follow-
ing groups that allowed the use of their labs and
time: New York Structural Biology Center, Case
Center for Proteomics, the X19C PRT, X17 PRT,
X19A PRT, NSLS staff, NSLS User Administration,
and the NSLS Outreach Office. Major sponsors
included GE HealthCare, Qiagen, Precision Detec-
tors, Emerald Biosystems, and Fluidigm. Addition-
al support was provided by Hampton Research,
Douglas Instruments, Anatrace, Millipore, Eppen-
dorf, and New York New Jersey Scientific.

— Kendra Snyder

FUTURE ‘POETS,’ STUDENTS LEARN
ABOUT NANOSCIENCE AT BNL

June 19, 2006

Whether they want to be speech therapists or
chemists, all students can benefit from learning
about nanoscience. That’s the mantra of National
Synchrotron Light Source user Anatoly Frenkel,
who taught two courses on the subject this sum-
mer leading up to a week of hands-on research at
BNL for eight students and eight research assis-
tants from Yeshiva University.

The six-week courses, “Discover Nanoscience”
and “Nanoscience for Poets” attracted students



with majors ranging from history to computer
science. “We want them to become aware of the
most important problems in modern science,” said
Frenkel, who taught the courses along with fellow
Yeshiva professors Gabriel Cwilich and Fredy Zyp-
man.

Participants in the Yeshiva University nanoscience
courses at the NSLS

The students worked in teams on the design,
synthesis, manipulation, and characterization of
nanoparticle catalysts, which are key components
of hydrogen fuel cells. “We designed the course
around some activities that students could do from
beginning to end,” Frenkel said.

The courses began in late May with introductory
lectures and labs at the Yeshiva campus, in New
York City, in order to get participants up to speed
with the concepts of nanoscience and nanotech-
nology. Students then prepared thiol-stabilized Pd
nanoparticles for their research.

The focal point of both courses was a weeklong
stay at Brookhaven, which started on June 19.

On NSLS beamline X11A, students analyzed their
samples using x-ray absorption fine structure
(XAFS) spectroscopy. Short trips also were made
to Stony Brook University, where students char-
acterized their nanoparticles with electron micros-
copy and atomic force microscopy.

The efficiency of hydrogen fuel cells correlates
with the ability of their catalysts to absorb and/or
adsorb hydrogen. The students studied the ef-
fect of hydrogenation of fuel cell performance by
changing the size of their Pd samples. One of the
most exciting parts of the courses is that actual
data was collected, Frenkel said. A mini confer-
ence with presentations served as the final exam
for the students, and their results will be present-
ed in Boston this November at the annual meeting
of the Materials Research Society.

Frenkel held a similar course in 2003 on experi-
ments in modern physics and plans to expand the
nanotechnology courses in future years.

“Some students go into sciences without know-
ing too much what the day-to-day research is like
because they didn’t have any opportunity to learn
how serious research is different from undergradu-
ate work. And then they’re disappointed and find
out later in their lives that research is not what
they wanted to do,” Frenkel said. “We can help
show them what it's like and help them make a
decision, no matter what that decision is.”

— Kendra Snyder

IN MEMORIAM: DAVID MURRAY
ZEHNER

June 19, 2006

David Murray Zehner, who helped develop beam-
line U12B at the NSLS, died on June 19, 2006. He
was 62.

A native of Phila-
delphia, Zehner
received his B.A. at
Drexel University
and his Ph.D. in
physics from Brown
University. Zehner
was a research
scientist for more
than 30 years in
the Solid State and
Condensed Matter
Physics Divisions at
Oak Ridge National
Laboratory, where
he served as group
leader and section head for many years.

David Zehner

He completed his thesis at Brown under famed
physicist Harrison E. Farnsworth, one of the first
to use low-energy electron diffraction to study
metal crystal surfaces. Described by colleagues
as an “old-school physicist,” Zehner was greatly
influenced by his mentor and focused most of his
research on elemental and alloy metal surfaces.

Doon Gibbs, BNL’s Associate Laboratory Direc-
tor for Basic Energy Sciences, first worked with
Zehner in the late 70s and early 80s on experi-
ments focused on the structure and phase be-
havior of gold surfaces. Prior to completion of the
NSLS, Gibbs’ group used a rotating anode source
in the Physics Department and the Cornell High
Energy Synchrotron Source (CHESS) to carry out
the experiments. After the start-up of the NSLS,
they transferred their studies to beamline X22C
and added platinum and iridium surfaces to their
research. Zehner also conducted research at
beamline X20.
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“David was brutally honest and he liked to do
things right,” Gibbs said. “He was very precise
about the little details, from doing the experiment
to writing the papers. But he also was a lot of fun
and cared a lot about what people thought and
how they were doing.”

Zehner helped develop beamline U12B at the
NSLS in the early 80s along with Ward Plummer,
now a Distinguished Scientist at Oak Ridge and a
Distinguished Professor of physics at the Univer-
sity of Tennessee. As a collaboration between Oak
Ridge and the University of Pennsylvania, beam-
line U12B researchers used electron scattering to
determine and understand the structure and chem-
istry of surfaces. “He was emphatic that he had to
do it right and he would do it over and over again
until it was,” said Plummer, who published some
15 papers with Zehner during their time together
at the beamline. “That led to a lot of late nights at
Brookhaven.”

Colleagues say Zehner’s compassion was evident
by the way he mentored the graduate students
and postdoctoral researchers who worked on his
experiments. “He followed their career with every
step they made,” Plummer said. “He really cared
about people. He joked that with his affinity for
people, he probably missed his calling and should
have become a real doctor.”

One of those young researchers who Zehner took
under his wing was Art Baddorf, now a senior
research staff member at Oak Ridge who worked
with Zehner and Gibbs at Brookhaven in the
1990s. “I learned a lot from him,” Baddorf said.
“He was a lot of fun to be around and he was in-
terested in what everyone else was doing and how
they were doing it.”

Zehner enjoyed windsurfing, sports, and music,
and was a member of the American Vacuum Soci-
ety and the American Physical Society. A resident
of Lenoir City, TN, Zehner is survived by close
friend, Donna Watson; and former wife, Theodora
Zehner.

— Kendra Snyder

IN MEMORIAM: JULIAN DAVID
BAUMERT

June 24, 2006
Julian David Baumert, a Brookhaven physicist
working on the cutting edge of research on liquid

surfaces and thin organic films, died of melanoma
on June 24, 2006. He was 31.

Described as dedicated, bright and caring,
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Julian Baumert

Baumert was a relatively new research associ-

ate in the Soft Matter and X-ray groups in the
Condensed Matter Physics and Materials Science
Department at BNL. “Julian was an exceptionally
talented, hard-working young researcher, who
loved his work,” said colleague John Hill. “He
understood his research at a deep level and it was
always a pleasure to ask him what he was working
on and hear his clear, precise, and enthusiastic
explanations of his latest results and what they
meant. It is such a tragedy to lose him so early

in his life and in his career. We will all miss him
immensely.”

A native of Molfsee, Germany, Baumert was edu-
cated at the Institute of Experimental and Applied
Physics (IEAP) at the University of Kiel and the
Institute Laue-Langevin (ILL) in Grenoble, France,
where he studied a compound known as methane
hydrate, which is found naturally on the sea floor
and is a major worldwide energy resource. His
thesis focused on the structure and dynamics of
this compound using neutron and x-ray scattering
techniques and numerical simulations. Baumert
obtained his Ph.D. from the University of Kiel in
February 2004, receiving the prestigious “Fami-
lie-Schindler Foerderungs-Preis” of the Faculty of
Science in Kiel.

“He was a very cheerful person,” said colleague
Oleg Gang. “We deal with so many difficult and
complicated things here, but he created this
atmosphere around him where everything was
positive.”

Baumert came to BNL in July 2004 and conducted
his research at beamline X22 of the National
Synchrotron Light Source, where he was part of

a team of scientists learning to make smaller and
more powerful molecular-scale circuit components
that could someday make electronic devices more
efficient. He was the principal investigator on a
paper published in February 2006 in the Proceed-
ings of the National Academy of Sciences that



described the first measurements of the structure
of a molecular junction at buried interfaces. He
was working to elucidate how the structural and
electrical properties of these molecular junctions
depend on the molecular coverage.

“He had such great promise to be an extremely
successful scientist,” said Ben Ocko, who hired
Baumert into his research group. “He was easy-
going and friendly, and exhibited a high level

of creativity, great skills as an experimentalist,
and the ability to explain complex phenomena in
simple and elegant terms. He had such a bright
future ahead of him.”

In the past year, Baumert was diagnosed as hav-
ing skin cancer and underwent extensive treat-
ment. That didn’t stop him from continuing his
research at Brookhaven. “Even when his health
deteriorated, he continued to come to the Lab dai-
ly to work on experiments and to discuss science
with his colleagues,” Ocko said. After an opera-
tion last summer, Baumert continued his scientific
research including travel to the Advanced Photon
Source last December to investigate how “surface
freezing” modifies the capillary wave spectrum

at the surface of long-chain alkane molecules
using a technique called x-ray photon correlation
spectroscopy.

“It was really amazing how he dealt with it,” said
Baumert’s office mate and colleague Masa Fu-
kuto. “He must have known the odds were against
him, but he was courageous to the very last min-
ute. He never lost hope.”

A resident of Sound Beach, Julian Baumert is sur-
vived by his wife, Maren; his parents, Ingrid and

Jirgen; and his sisters, Anna and Sophia.

— Kendra Snyder

IN MEMORIAM: ELIZABETH A. HICKS
July 12, 2006

Elizabeth “Liz” A. Hicks, a Brookhaven systems
analyst for more than 14 years, died on July 12,
2006. She was 41.

A native of Syosset, Hicks received a B.S. in com-
puter science from Stony Brook University. She
joined BNL in May 1990 as a Database Adminis-
trator at the National Synchrotron Light Source
and later became an applications engineer. Hicks
maintained and developed numerous employee
databases, assisted the NSLS User Administration
Office, helped develop the NSLS stockroom data-
base, and provided general support for sections
throughout the department.

Liz Hicks with sons Christopher and Adam

“She was very competent and very good at what
she did,” said NSLS Business Operations Manager
Frank Terrano. “She loved her work, she loved

to work, and she never shied away from putting

in extra hours. She had a huge effect across the
entire department.”

When last-minute jobs came in, Hicks was ready
to work, said colleague Mary Anne Corwin. “She
was always there and always helpful,” Corwin
said. “She was so friendly and really focused on
doing things the right way.”

Hicks battled multiple illnesses during her time at

Brookhaven, but she didn’t let that affect her spir-
its. “She was so strong-willed and optimistic,” said
colleague Donna Buckley, who worked with Liz to

develop the NSLS stock room database. “She was
such a happy person. | don’t think | ever saw her

angry in all of the days | worked with her.”

Described as daring, humorous, and without a
“mean bone in her body,” Hicks enjoyed skiing,
sailing and the annual Mattituck Strawberry Festi-
val, which she attended for the last time with her
two sons in June. Hicks left the lab on long-term
disability in July 2004, partly to spend as much
time as possible with her children, friends said.
“She knew she wasn’t going to make it to a ripe
old age,” said colleague Wendy Morrin. “She lived
for her boys. She was a really good mom.”

Hicks also loved to sing, dance and play the pia-
no. The clanking sound of tap shoes ringing down
the NSLS hallways could be pinpointed to Hicks’
office, where she and Morrin practiced routines
during lunchtime for their dance classes.

“It was always great to see Liz,” Morrin said. “She
was always cheerful and smiling. She had so
much against her health-wise, but she never let it
show. She lived every day to its fullest. She was
just a truly beautiful person.”
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A resident of Mattituck, Hicks is survived by her
husband, Eugene; her sons, Christopher and
Adam; her parents, Holmes and Lucy; her broth-
ers, Gary and Kenneth; and her sister, Lee.

— Kendra Snyder

JEAN JAKONCIC WINS ESTEEMED
STUDENT LECTURER AWARD

July 22-27, 2006

National Synchrotron Light Source student
researcher Jean Jakoncic won the prestigious
Margaret C. Etter Student Lecturer Award for
researching the use of high-energy x-rays to pre-
vent crystal damage in diffraction studies.

Jean Jakoncic

He received the award at the American Crystal-
lographic Association national meeting, held in
Honolulu, Hawaii, on July 22-27, where he also
gave a talk on the subject. The Etter award, given
out just once a year, recognizes achievement and
future potential for scientists at an early stage in
their independent careers.

Jakoncic, a graduate student from Joseph Fourier
University working toward his Ph.D. in struc-
tural biology, came to the NSLS four years ago.
Conducting research primarily at NSLS beamline
X6A (under the supervision of Vivian Stojanoff),
in addition to X17B1 and the European Synchro-
tron Radiation Facility (ESRF) beamline ID15B,
Jakoncic helped to show that high-energy x-rays
could be an option for the structural determina-
tion of radiation-sensitive proteins. In addition to
Stojanoff, he worked with NSLS scientist Zhong
Zhong and ESRF scientists Marco Di Michiel and
Veijo Honkimaki.

“Traditionally, people use medium- and low-
energy x-rays for diffraction studies of protein
samples,” Jakoncic said. “At these energies, there
is a significant amount of energy deposited in the
crystal and substantially there is radiation dam-
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age. We propose to use higher energies, where
the energy deposition is about 10 to 15 times less
than at lower-energy x-rays.”

To visualize radiation damage, the group exposed
lyzozyme crystals, which are standard test protein
crystals, to high-energy and low-energy x-rays and
compared the results. “With the same resolution
limit, we didn’t see any radiation damage at 55
keV, the high-energy data, while we observed ra-
diation damage at 12 keV,” Jakoncic said, adding
that plans for additional testing with crystals from
different proteins are underway. “This is the first
step,” he said.

Jakoncic describes his efforts associated with the
high-energy x-ray research as a “satellite project”
in relation to his other scientific interests. His

core research at the NSLS focuses on enzymes
involved in the degradation of toxic compounds, in
particular polycyclic aromatic hydrocarbons (PAH).

— Kendra Snyder

NSLS SUMMER SUNDAY DRAWS 650
VISITORS TO FACILITY

July 30, 2006

Using gumdrops and toothpicks to illustrate
molecular crystals and Marshmallow Peeps to
demonstrate the power of a vacuum, about 650
community members had a sweet time at the
NSLS Summer Sunday on July 30, 2006.

For eight consecutive Sundays each summer, the
Brookhaven National Laboratory Summer Sun-
day program invites the public to see the popular
Whiz-Bang Science Show and showcases a differ-
ent BNL facility every week.

Visitors who came to the event began their tours
in Berkner Hall, where Marc Allaire, Lisa Miller,

A steady stream of visitors filled the NSLS Lobby



WY ' o F
Visitors gather around the liquid nitrogen display
outside the NSLS

Steve Hulbert, Tony Lanzirotti, and Andrew Acker-
man explained the concept of a light source and
gave more detailed information about the facility
and its research goals. Before boarding a bus for
the quick drive to the NSLS, visitors learned more
about nanoscience research at a display set up
by the Center for Functional Nanomaterials, and
roamed among several other hands-on exhibits.

Once at the NSLS, visitors crowded the lobby,
seminar room, and front patio, where 14 hands-
on displays were set up to demonstrate how the
light source works and teach visitors about the
science performed there. Learning about science
topics ranging from diffraction to liquid nitrogen,
the NSLS guests floated from display to display,
asking questions and collecting some goodies
along the way.

At the “Crystals: Unlocking the Secrets of Life”
display, many kids, and some adults, assembled
“crystals” from toothpicks and gumdrops. Another
popular display was “Sounds of Silence,” where
guests watched how a vacuum pump caused a
balloon to expand and the sound of a ringing bell
to considerably fade. Display volunteers also ex-
posed Marshmallow Peeps to the vacuum, which
expanded the Peeps when turned on and shriv-
eled them down to a smaller size when turned off.
Visitors then performed a science experiment of
their own by popping the de-puffed Peeps in their
mouths. Their findings: The vacuum didn’t make
the candies any less tasty.

At “See the Light,” visitors could observe actual
synchrotron light, guided to the lobby from the
experimental floor by a fiber-optic. And by using
a Skee Ball-type backboard and rubber bouncy
balls, the “Electron Catapult” display showed visi-
tors how different amounts of energy are required
to propel an electron from an atom’s “ground
state” level to higher levels.

Standing at the lobby and second-floor viewing
windows overlooking the experimental floor were

scientists Steve Bennett, John Dabrowski, Susila
Ramamoorthy, Gary Weiner, and Ray Raynis. The
volunteers pointed out various components of the
light source to visitors, using large neon numbers
as reference points.

The excitement also carried over to the outside,
where every half hour visitors gathered around the
building’s front windows or on the patio to watch

a special water rocket launch in the parking lot
across the street by Matt Engel, John Kuczewski,
and Steve Ehrlich.

Upon entering the building, each guest received a
quiz with questions that could be answered by vis-
iting each display. Every finished quiz was handed
in and redeemed for an NSLS orange frisbee, to
match the volunteers’ orange shirts. In addition,
one person was selected raffle-style every half
hour by the enthusiastic MC Gerry Van Derlaske to
receive one of two prizes — a BNL T-shirt or a tour
of the experimental floor. This is the first year that
floor tours were offered during the event, and visi-
tors were excited to see the actual piping, foil and
wires of the NSLS up close.

Summer Sunday visitors look at displays in the
seminar room

The rest of the more than 40 NSLS volunteers
that made the event possible included: Kimone
Antoine, Al Borrelli, Jonathan Cheung, Mary

Anne Corwin, Angelo Dragone, Steve Giordano,
Sarah Heins, Madeline Hughes, Steve Hulbert,
Syed Khalid, Steve Kramer, Ariane Kretlow, Tony
Kuczewski, Brian Kushner, Andreana Leskovjan,
Sean McCorkle, Corinne Messana, Eileen Morello,
Payman Mortazavi, Shirin Mortazavi, Kathy Nasta,
Kumi Pandya, Meghan Ruppel, Cecilia Sanchez
Hanke, Lenny Santangelo, Yusuf Siddiqui, Randy
Smith, Kendra Snyder, Marie Van Buren, Adele
Wang, Matt Worth, Nancye Wright, and numerous
NSLS family members.

— Kendra Snyder
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1,000 INJURY-FREE DAYS... AND
COUNTING

August 14, 2006

NSLS users and
staff have worked
more than 1,000
days without a
lost-time injury.

This significant
safety milestone was
reached on Monday,
August 14, 2006 as the tally in the NSLS lobby
jumped into the quadruple digits. The number
means that almost three years has passed without
a person working at the NSLS losing work time or
incurring restricted duties as the result of an injury
or exposure on the job.

OO0 Injury-Free Days

The milestone is a major accomplishment for the
NSLS, considering the complicated work environ-
ment and the hundreds of people working within
the building 24 hours a day, said Bob Casey, the
NSLS Associate Chair for Environment, Safety,
Health, and Quality. “This success is the result

of many people taking care to plan their work

and making sure that hazards are identified and
controlled,” Casey said. “A safe work environment
is good for each of us personally, and it is good for
the NSLS. | tip my hat to everyone for their efforts
to keep our workplace safe.”

— Kendra Snyder

HATS OFF TO THE 2006 NSLS SUMMER
STUDENTS

September 1, 2006

Eighteen high school and college students per-
formed summer research projects at the NSLS this
year, working with scientists and engineers from
the department in research fields ranging from
medical sciences to electrical and mechanical
engineering. In addition to their research projects,
students had the opportunity to attend scientific
lectures, tour BNL research facilities, and par-
ticipate in numerous
social activities.

Interested students
apply to these pro-
grams in the spring
and the programs
range from six to 10
weeks long. Here’s
an idea of what they
did during the sum-
Kimone Antoine mer:
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Kimone Antoine worked with Lisa Miller to analyze
differences in the chemical composition between
children’s and adults’ fingerprints using infrared
microspectroscopy. Her objective was to reveal
why children’s fingerprints disappear faster than
those of adults. Antoine received her Associate’s
degree in mathematics and natural science from
Lehigh Carbon Community College in Pennsylva-
nia and attends classes at Hiram College.

Kobbina Awuah
worked with John
Skaritka as part of
the Science Under-
graduate Laboratory
Internship (SULI)
program at BNL.
They designed a
2-in-1 cryogenic
permanent magnetic
undulator (CPMU)
and a superconduct-
ing undulator (SCU). The design will help reduce
project costs associated with switching from one
kind of undulator to the other (i.e. CPMU to SCU
and vice versa). Awuah is a junior at Cornell Uni-
versity.

Kobbina Awuah

Jonathan Cheung
worked at the NSLS
with Syed Khalid and
Vivian Stojanoff on a
project related to the
origin of color from
natural pigments.
Cheung collected
different materials
that were dyed using
pigments from veg-
etables, tree bark,
and flowers. This dying process involves some
natural mordants (fixers) such as iron, copper, and
aluminum. Using spectroscopy, he found the color
of the finished sample to be dependent on the type
of material and mordant used. Cheung is a senior
at Syosset High School.

Sarah Heins spent most of her time was observ-
ing administrative staff and scientists while they
worked on everything from completing travel
authorization forms to determining the structure
and magnetism of
certain elements.
She worked with
Stony Brook Univer-
sity graduate student
Kathryn Krycka to
learn how much time
and effort is needed
in order to conduct
experiments, write

a thesis and earn a

Sarah Heins



high-level degree in the physics field. She also
spent a small portion of her time researching
physical concepts and past experiments done at
the NSLS. In her spare time, Heins helped the
secretarial staff to learn about the administrative
aspects of scientific research. Heins is a fresh-
man at Syracuse University.

John Kuczewski
worked with Peter
Siddons at the
NSLS as part of the
High School Sum-
mer Research Pro-
gram. He developed
a graphical user
interface for the
Thorlabs OPTODC
Servo Motor System
under the GNU/
Linux platform. Modeled from Siddon’s driver and
kernel patch, Kuczewski’'s software package for
this motor system was programmed using the C
programming language and the GTK+2.0 librar-
ies for the Debian GNU/Linux operating system.
GNU/Linux based systems are used at the light
source for beamline controls and this new soft-
ware package will integrate seamlessly into the
present control systems. Kuczewski is a sopho-
more at Shoreham-Wading River High School.

John Kuczewski

~

. { 5
Elhag Shaban, Marcus Mason and Eric Huey

Marcus Mason and Eric Huey worked with Peter
Siddons and Elhag Shaban at the NSLS as part
of the Faculty and Student Team (FaST) program.
Mason and Huey studied the processes involved
in the development of a Bulk MicroMegas De-
tector. They characterized the detector using
extended x-ray absorption fine structure (EXAFS)
methodology at beamline X12A They also attempt-
ed to reproduce
stable gains and
excellent resolutions
as studied in previ-
ous detectors. They
both are juniors at
Southern University
at Baton Rouge.

Shirin Mortazavi
participated in BNL's

Shirin Mortazavi

High School Research Program. Under the guid-
ance of Lisa Miller, Mortazavi studied the chemical
composition of children’s and adults’ fingerprints
using infrared microspectroscopy at beamline
U10B. The difference between the chemical make-
ups should explain why the fingerprints of children
disappear before those of adults. Mortazavi is a
junior at Bellport High School.

Saka Okyere-Asiedu and Christopher Dixon
worked under the mentorship of Delaware Materi-
als Science Professor Robert Opila and NSLS
staff scientist Steve Hulbert at the NSLS as part
of the Faculty and Student Team (FaST) program.
They used ultraviolet photoelectron spectroscopy
at beamline U4A to determine how the chemical
bonding of materials
affects the electri-
cal performance

of materials. They
investigated how
the valence bands
of silicon determine
the conductivity of
photovoltaics. The
team also used the
system to test for
electrical properties
of material with a
high dielectric con-

Saka Okyere-Asiedu, tant f licati
Christopher Dixon and Robert ~ St@nt for application
Opila in Si circuits. Their

results will help max-
imize the efficiency
of solar cells and help determine which metal
and dielectric are used in the future generation of
very highly integrated circuits. Okyere-Asiedu and
Dixon are undergraduate students at the Univer-
sity of Delaware.

Dylan Roden participated in the Science Under-
graduate Laboratory Internship (SULI) program
at the NSLS under Lisa Miller. Dylan worked with
photodynamic therapy treatment of human mela-
noma cells in an effort to discover an effective
treatment for the disease. He also uses Fourier
Transform Infrared (FTIR) analysis to assess
chemical changes within the melanoma cells as a
function of treatment method. Roden is an under-
graduate student at the Massachusetts Institute of
Technology pursuing a bachelor’s degree in bio-
logical engineering
with hopes to con-
tinue his education
in medical school.

Yusuf Siddiqui
worked with Syed
Khalid and Vivian
e E Stojanoff as part of
W : the Community Sum-
Dylan Roden mer Science Pro-
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gram at the NSLS.
Siddiqui searched
for the chemical
composition of the
active site of ferritin
— a protein used in
anemia prevention
and early haemo-
chromatosis detec-
tion. Ferritin con-
tains a hollow shell
that can contain a
significant amount of iron and is therefore of great
use to doctors treating iron deficiency disorders.
Small amounts of cadmium, a toxic transition
metal found to be in ferritin, could shed light on
the plausibility of ferritin usage as a medical treat-
ment, therefore contributing to further research
into new treatments for iron deficiency disorders.
For these experiments Siddiqui used extended
x-ray absorption fine structure spectroscopy (EX-
AFS). Siddiqui said he hopes that the work done
during his internship will contribute to expand gen-
eral scientific knowledge. He is a junior at Boston
University Academy.

Yusuf Siddiqui

Rodney Snow
worked with Peter
Siddons at the NSLS
as a GEM National
Consortium intern.
Snow was engaged
with many assign-
ments simultane-
ously, but his main
project was assem-
bling, testing, and
characterizing a spin
polarization detection chamber. This chamber will
be used to detect the ballistic transport of low-en-
ergy electrons through ultra-thin films with a thick-
ness on the order of 20 to 100 nm. This study can
ultimately realize a new generation of electronics
called spin-based electronics. Snow is a second-
year graduate student at Michigan Technological
University.

Rodney Snow

Weisha Zhu worked with Babu Manjasetty of the
Case Center for Synchrotron Biosciences as a Sci-
ence Undergraduate Laboratory Intern. Their proj-
ect studied the complex structures of Escherichia
coli L-Arabinose iso-
merse, an enzyme
with potential use for
tagatose (low-calo-
rie natural sugar)
production. By
co-crystallizing the
enzyme in complex
with co-factor metal
ions and candidate
substrates/inhibitors,

Weisha Zhu
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they were able to understand structure-function
interactions important for the enzyme’s biological
mechanism. Crystals of different complexes were
grown and several diffraction datasets were col-
lected at NSLS-X4C and X6A beamlines. Com-
parison studies between the native and complex
forms of crystal structures will provide valuable
biological information in designing new pathways
to increase tagatose production. Zhu is an under-
graduate student at Cornell University.

— Kendra Snyder

NSLS, NSLS=-1I STAFF CELEBRATE AT
PICNIC AND SERVICE AWARDS

September 21, 2006

Pushed back a week because of rain, the 2006
Light Source Directorate Picnic took place on
September 21 with beautiful weather. For the first
time, the annual end-of-year celebration was held
for both NSLS and NSLS-II employees, hosted by
NSLS Chair Chi-Chang Kao and Steve Dierker,
Associate Laboratory Director for Light Sources.
In addition to the vast amounts of meat, cheese,
pasta salads and candy, Kao presented a cake to
celebrate 1,000 injury-free days at the NSLS. The
cake was cut — carefully — by Jim Tarpinian, Assis-
tant Laboratory Director for Environment, Safety,
Health and Quality, after he congratulated employ-
ees on the significant safety milestone.

Service Awards

Michael Caruso, Richard Freudenberg, Richard
Heese and Pooran (Boyzie) Singh were honored
for 25 years of service at Brookhaven Lab, and
20-year awards went to Scott Buda, Shuchen
Kate Feng, and Michael Fulkerson. In the 10-year
category were G. Lawrence Carr, Elaine DiMasi,
Joan Marshall, Cheo Teng, and John Vaughn IlI.
And although it isn’t an officially recognized BNL
milestone, John Dabrowski was acknowledged for
an impressive 45 years of service at the Lab.

NSLS and NSLS-II staff enjoy the food at the annual picnic.



Spotlight Awards

The Spotlight awards are tributes to NSLS staff
members who have shown exceptional dedication
to their jobs during the year. This year, the win-
ners were:

Walter DeBoer: The
vendor contracted
to build the X25
undulator could not
deliver the com-
pleted device on
schedule, so the
burden of complet-
ing and testing the
device fell onto the
NSLS technical staff.
From August 2005
through February
2006, DeBoer took
on a great amount
of that responsibil-
ity, traveling twice to Lansing, NY, to assemble,
bake, and vacuum-test the undulator. Working
unpaid hours on long days and weekends both in
Lansing and at BNL, DeBoer is a big reason why
the undulator was installed successfully during the
winter shutdown.

;

NSLS Chair Chi-Chang Kao

David Harder: The original schedule for X25
undulator development included at least one and
a half months for magnetic measurement and
shimming of the device. However, the delivery was
delayed because of the vendor, and as a result,
less than two weeks were left to spend on these
steps. Harder, whose careful examination of the
Hall probe scanning system enabled a precise
characterization of the undulator’s magnetic field,
spent seven days a week for two months on the
project to compensate for the lost time.

Mike Lehecka:
Lehecka also worked
seven days a week
for two months to
make up for lost
time on the magnetic
measurement and
shimming aspect of
the X25 undulator
installation. Le-
hecka, who runs the
pulsed wire bench
for the NSLS mag-
netic measurement
laboratory, does
both mechanical and
intricate vacuum-
related work. He is an expert in setting up pulsed
wire measurement systems, which vendors don’t
have the capability to do. Without his effort, the
X-25 undulator measurements couldn’t have been

ALD for Light Sources Steve
Dierker

finished in such a short amount of time.

Ed Losee: In the effort to produce superconduct-
ing undulators for the NSLS and NSLS-II, Losee
undertook the responsibility for prototype undula-
tor magnet fabrication and assembly. The process
requires special skills and equipment, and such
devices had never been built in the United States.
With minimal direction, Losee taught himself how
to use a complex turntable device to fabricate the
magnet, and using it, he then produced several
prototypes. The NSLS can now produce and test
superconducting magnets and other complex
components in-house with Losee’s assistance and
skills. Losee also provided significant support on
the X17 superconducting wiggler during the winter
2005-06 shutdown.

Philip Marino and Tom McDonald: Marino and
McDonald won this shared Spotlight Award for
upgrading the NSLS beamline safety checklists,
which were old, difficult to use, and didn’t have

a system in place to assure periodic review and
update. Beginning in 2003, Marino and McDonald
approached each beamline to identify the criti-
cal components, meeting with the local contacts
to assure minimal interruption to operation. They
then made and connected all the needed labels
and photos and assembled the new checklists in a
standard format. The NSLS relies on this system
for radiological safety, and Marino and McDonald
spent considerable effort and time completing the
upgrade.

Paul Montanez: Montanez served as an engineer,
supervisor and coordinator during the relocation
of beamlines X9A and X9B to X3. The series of
moves was planned and coordinated in a way

that needed no additional shutdown time for the
machine and minimized the total disruption to

the X9 program. The originally proposed spring
shutdown schedule was cut in half because Mon-
tanez figured out ways to do more preparation and
minimize work. He put in extra hours to ensure this
relocation was successful while still completing
projects with beamline X25 and NSLS-II.

Charlie Nielson and Wayne Rambo: The NSLS
Controls and Diagnostics groups were tasked with
integrating the X25 MGU control system, designed
by an outside contractor, into the NSLS Controls
System. At the end of 2005 and early part of 2006,
Rambo and Nielson both put in overtime hours and
extraordinary effort to accomplish the system pre-
testing, installation and commissioning within the
tight schedule. Both men made trips to Advanced
Design Consulting in Lansing, NY, to check on the
project’s progress and work around problems as
they came up during testing and commissioning.

Mihai Radulescu: The bellows on the VUV-IR
injection shutter failed during operations in July
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2006. A previous failure of this same assembly
required complete removal and rebuilding of the
shutter, and fortunately, the about two-week repair
process happened near a major maintenance
time. This recent instance, however, would have
resulted in major downtime if it weren’t thanks to
Radulescu. He developed a method for remov-

ing the actuator while leaving the shutter block in
place. This whole process was completed in less
than 60 hours from the time it was discovered.

— Kendra Snyder

CHI-CHANG KAO NAMED CHAIR OF
THE NSLS

October 1, 2006

Chi-Chang Kao, a physicist and leader in synchro-
tron light research, was named Chair of the NSLS
Department, effective October 1. Kao served as
interim NSLS Chair since mid-January 2006, after
Steve Dierker
stepped down
to lead the
development of
the NSLS-II.

“Chi-Chang is
an internation-
ally recognized
scientist with

a remark-

able talent for
bringing people
together and
growing scien-
tific programs,”
said Dierker,
who is the cur-
rent Associate
Laboratory Director for Light Sources. “I can think
of no better choice than Chi-Chang to lead the
NSLS forward.”

Chi-Chang Kao

As Interim Chair, Kao produced a five-year plan
for the future development of the NSLS. With
input from the user community, NSLS staff, and
Brookhaven researchers, the plan identifies a
number of exciting scientific opportunities, im-
provements needed for better accelerator opera-
tion, and upgrades for beamlines, detectors, and
infrastructure. As the new NSLS Chair, Kao wants
to ensure that these initiatives are implemented.

“The next five years will be a very important time
for the NSLS, because if NSLS-Il gets approval,
we will transition into the new light source at the
end of that period,” Kao said. “We have developed
a very aggressive strategic plan that will help
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keep scientific productivity up and also grow new
scientific communities at the NSLS. In particu-
lar, we want to grow in a way that will allow us to
smoothly transition the user scientific program to
the NSLS-II.”

Additionally, Kao wants to encourage closer inter-
action between the NSLS, Brookhaven’s research
departments, industry, and universities, as well as
emphasize research related to nanoscience and
energy. “There are many ways that synchrotron re-
search can make significant contributions to solve
the energy problems the world is facing today,”
Kao said. “Using light, we can study and make
advances in the fields of catalysis, energy storage,
fuel cells, and solar energy.”

Kao earned a B.S. degree in chemical engineer-
ing in 1980 from National Taiwan University and

a Ph.D in chemical engineering from Cornell
University in 1988. Shortly after, he joined BNL as
a postdoctoral research assistant at the NSLS. His
research focuses on the development of new ex-
perimental techniques using synchrotron radiation,
and their applications to condensed matter physics
and material sciences.

He received tenure as a Brookhaven physicist

in 1997 and served as the NSLS high-energy
program coordinator from 1998 to 2001. He was
promoted to senior physicist in 2001 and was
named NSLS Deputy Chairman in 2005. Kao also
is the Associate Chairman for User Science and
an adjunct professor in the Department of Phys-
ics and Astronomy at Stony Brook University. He
is a member of the American Physical Society and
the American Association for the Advancement of
Science.

— Kendra Snyder

UPDATE ON THE X27A MICRO-
SPECTROSCOPY FACILITY BEAMLINE

October 1, 2006

In 2006, NSLS hard x-ray micro-spectroscopy
facility beamline X27A became fully operational. A
smooth transition from commissioning to opera-
tions during the fall of 2005 provided immediate
implementation of a wide and diverse research
program involving an extensive range of institu-
tions: Stony Brook University, Rutgers University,
BNL Environmental Sciences Department, Miami
University, Institute of Nuclear Physics (PAN)
Poland, University of Western Ontario, Natural
Resources Canada and IMEC of Belgium. Ongoing
research areas include the study of manganese
and arsenic speciation/distribution in a range of
environmental sensitive samples; the nature of
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Figure 1. X-ray fluorescence line scans across 10 um-wide
copper interconnects spaced at (A) 40 um and (B) 90 um.
(C) Cu Kd fluorescence image of a pad structure.

titanium incorporation through applied creams
into human skin layers; plutonium and uranium
distribution/speciation in contaminated soils;
polarization dependent thorium EXAFS measure-
ments on small apatite single-crystals; under-
standing strontium incorporation in osteoporotic
bone; and determining trace-metal distribution in
diseased brain tissue. The success of implement-
ing these research areas, and the high-quality
data being collected at this facility, is largely due
to the good stability of the NSLS x-ray ring, which
is especially important for microprobe beamlines.

An example of an area of research initiated at
X27A is the investigation of tantalum and tungsten
thin-film diffusion barriers that are used in copper
interconnect technology. Using the x-ray micro-
beam, buried thin-film layers beneath copper are
investigated using fluorescence x-ray absorption
spectroscopy. The ability to characterize these
films, which are often amorphous and cannot be
studied using x-ray micro-diffraction, is an impor-
tant area of applied research within the semicon-
ductor industry. Currently, preliminary experiments
on thin-film interconnect test structures have been
conducted and analyzed, and these encourag-
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Figure 2. Ta L, absorption-edge XANES on Ta,N (5
nm)/Ta (20 nm) blanket film and the Ta,N barrier on a
Cu interconnect patterned sample, both on and off the
interconnect lines.

ing results have initialized the fabrication of
‘real’ systems for future in-situ measurements.
Preliminary measurements on passivated 10 ym
wide, 120 nm thick Cu interconnects, separated
by 40 ym and 90 um ‘field’ regions, and with
a 4 nm thin ALD Ta,N, barrier layer have been
performed. Cu Ka fluorescence recorded at an
incident x-ray energy of 9.5 keV, and Ta LB, fluo-
rescence recorded at the peak of the Ta white-
line at ~11.142 keV, are shown in Figure 1. The
Ta L, XANES on a PVD Ta,N (5 nm)/Ta (20 nm)
blanket film and a 4nm ALD Ta,N, barrier used in
a copper interconnect test structure are shown in
Figure 2. As can be seen, the nitrogen content
within the Ta,N barriers is clearly evidenced by
the spectral signature of the near-edge region
and the shift in the absorption edge towards
higher x-ray energies, compared to the Ta,N (5
nm)/Ta(20 nm) blanket film, which is of predomi-
nantly Ta character.

— James M. Ablett

RICHARD BISCARDI WINS SITEWIDE
SAFETY STEWARD AWARD

October 16, 2006

NSLS chief electrical engineer Richard Biscardi
was one of four BNL employees to win a Sitewide
Safety Steward (S3) Award as part of a new em-
ployee recognition program for safety awareness.

The S3 program recognizes outstanding aware-
ness and implementation of health and safety
improvements and corrective actions. Biscardi was
nominated for the award based on his initiative in
reducing electrical hazards, an important area of
risk for the NSLS.

Erik Johnson, Biscardi’s supervisor, noted that his
job requires him to be more attuned to electrical
hazards than most staff members, but he has built
upon his heightened awareness and shared his
expertise broadly throughout BNL, primarily as a
member of the Lab’s electrical safety committee.

“His work has led to the identification of hazards
and non-compliances as well as possible method-
ologies for their mitigation that are now being em-
ployed across the Laboratory,” Johnson said. “He
has truly adopted a stewardship role in promoting
electrical safety for the NSLS and BNL.”

Of particular note is his effort in providing path-
ways to compliance with the requirements of two
safety codes: National Fire Protection Associa-
tion (NFPA) 70E, which describes standards for
electrical safety in the workplace; and 10CFR851,
a worker health and safety program.
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At the presentation of the Sitewide Safety Stewardship

(S3) Award, the winners were: (from left) Richard Biscardi,
National Synchrotron Light Source Department; Cheryl
Conrad, Energy Sciences & Technology Department;

and (right) Richard Scheidet, Plant Engineering Division.
The fourth award winner, Jeff Gillow, Environmental
Sciences Department, was not present. A team award was
also presented to: (third from left) Adele Billups, Laura
Thompson, and Peter Guida, all of the Medical Department.

On very short notice, Biscardi worked with staff
across the department to develop a protocol

for the NSLS to come into compliance with the
personal protection equipment requirements of
70E. He also established an equipment inspec-
tion program to assure the electrical equipment
used by staff, vendors, and visitors either meets
Nationally Recognized Testing Laboratory (NRTL)
requirements or has been properly inspected and
tagged. This program is being emulated across
the Laboratory.

Biscardi also formed a team to investigate
equipment compliance with the requirements of
10CFR851. This working group’s findings and
recommendations are at the heart of the NSLS
program to come into compliance with 10CFR851.

Biscardi, along with the other S3 award winners,
runner-ups, and nominees, was recognized in a

BNL ceremony on October 16.

— Kendra Snyder

418TH BROOKHAVEN LECTURE
‘BRIGHT PHOTON BEAMS: DEVELOPING
NEW LIGHT SOURCES’

October 18, 2006

A world-leading brightness of intense x-ray light
is needed for scientists to make the next genera-
tion of discoveries in a wide range of disciplines,
from structural biology to nanoscience, from the
structure and dynamics of disordered materials to
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properties of materials under extreme conditions
— and more.

To provide this bright light, BNL proposed and

the DOE approved the National Synchrotron Light
Source Il (NSLS-II), a state-of-the-art medium
energy machine designed to produce x-rays more
than 10,000 times brighter than those produced at
the current NSLS. These powerful beams and the
advanced instrumentation at NSLS-II will be able
to probe samples of materials in a wide range of
sizes and conditions, giving information that could
lead to advances, for example, in clean and afford-
able energy, molecular electronics, and the self-
assembly of nanomaterials into useful devices.

Developing the machine and its instrumentation
is not easy, however. Achieving and maintaining
the needed level of intensity will involve tightly
focusing the electron beam, providing the opti-
mally matched insertion devices, and achieving
and maintaining a high electron current. At BNL,
research and development are ongoing on these
and other challenges.

Timur Shaftan, a
scientist in the NSLS
Department, gave the
418th Brookhaven
Lecture on this work
on October 18, 2006
during his talk “Bright
Photon Beams: De-
veloping New Light
Sources.”

In his talk, Shaftan
discussed vari-

ous sub-systems of
NSLS-II and the
requirements and key
elements of their design. He also explained how
scientists at the NSLS developed a prototype of

a light source of a different kind — a short-wave-
length free electron laser — and reviewed the de-
velopment of new concepts in the physics of bright
electron beams in this facility.

Timur Shaftan

Timur Shaftan, who earned his Ph.D. in physics at
the Budker Institute of Nuclear Physics, Russia, in
1997, joined BNL in February 2000. Since 2003,
he has been involved in many areas of the NSLS-II
project, including lattice design, insertion devices,
and the design of the injection system. He cur-
rently leads the group working on Conceptual
Design of the NSLS-II injection system. Involved

in collaborations with a few accelerator facilities
worldwide, he also serves as a reviewer in Nuclear
Instruments and Methods in Physics Research
journal.

— Liz Seubert and Kendra Snyder



BNL WINS R&D 100 AWARD FOR
X=RAY FOCUSING DEVICE

October 19, 2006

Brookhaven National Laboratory has won a 2006
R&D 100 award for developing the first device
able to focus a large spread of high-energy
x-rays. The device, called a Sagittal Focusing
Laue Monochromator, could be used in about 100
beamline facilities around the world to conduct
scientific research in physics, biology, nanotech-
nology, and numerous other fields.

R&D 100 Awards are given annually by R&D Mag-
azine to the top 100 technological achievements
of the year. Typically, these are innovations that
transform basic science into useful products. The
awards were presented in Chicago on October 19.

NSLS physicist Zhong Zhong led the development
of the focusing device with help from BNL scien-
tists Chi-Chang Kao, Peter Siddons, Hui Zhong,
Jonathan Hanson, Steven Hulbert, Dean Connor
and Christopher Parham; BNL technicians Anthony
Lenhard, Shu Cheung, and Richard Greene; and
former BNL scientist Jerome Hastings, who is now
working at the Stanford Linear Accelerator Center.

“I congratulate the researchers who have won this
award, which highlights the power and promise

of DOE’s investments in science and technol-
ogy,” Secretary of Energy Samuel W. Bodman
said about the BNL team. “Through the efforts of
dedicated and innovative scientists and engineers
at our national laboratories, DOE is helping to en-
hance our nation’s energy, economic and national
security.”

As x-rays are produced at light sources, they
spread out, or diverge. X-rays produced by a
beamline with a 5 milliradian divergence, for
example, will spread to 5 millimeters (mm) by the

On the left, from front to back: Jonathan Hanson, Steven
Hulbert, Shu Cheung, Anthony Lenhard, and Zhong Zhong.
On the right, from front to back: Peter Siddons, Hui Zhong,
Chi-Chang Kao, Dean Connor, Christopher Parham, and
Richard Greene. Not pictured: Jerome Hastings.

time they are 1 meter away from their source, and
to 50 mm when 10 meters away. This is a problem
for light source scientists, who want the highest
possible x-ray flux on a small spot, which requires
a well-focused beam.

Previous x-ray focusing technologies relied on mir-
ror-like surface reflections, but this required large
surfaces and caused technical difficulties in error
control and limitations on the energy of the x-rays
that could be focused. The device developed by
Zhong’s team, however, doesn’t rely on a crystal
surface to reflect the beam. Instead, it sends the
x-rays directly through a set of silicon Laue crys-
tals, named for German physicist Max von Laue.
The result is a 1,000-fold increase in beam inten-
sity, as well as high-energy resolution, reduced
costs and ease of operation, Zhong said.

The device consists of two thin bent crystals
mounted on a slide, with the first one diffracting
upward and the second one diffracting downward
to focus the beam horizontally. It is the first device
that can focus a large divergence of high-energy
x-rays, handling a beamline with a divergence as
great as 20 milliradian.

“This is a very elegant solution to an existing
problem,” said Zhong, who started working on the
project in 2001. The first version of the device is
installed at the NSLS beamline X17B1 and is gain-
ing interest from members of other Brookhaven
beamlines and scientists at light sources around
the world. Development of the award-winning de-
vice was supported by the Office of Basic Energy
Sciences within the U.S. Department of Energy’s
Office of Science.

— Kendra Snyder

SHORT COURSE: XAFS STUDIES OF
NANOCATALYSIS AND CHEMICAL
TRANSFORMATIONS

October 19-21, 2006

The short course in x-ray absorption fine-structure
(XAFS) analysis, emphasizing problem-solving
methods in typical catalysis applications, was of-
fered on October 19-21 at the NSLS. It continued
the annual NSLS tradition of gathering a group

of scientists, active in the field, who share their
expertise with those interested in learning about
the possible use of XAFS in their research as well
as with those who are relatively advanced. The lat-
est two courses were organized and co-sponsored
by the U.S. Department of Energy’s Synchrotron
Catalysis Consortium (SCC) and the NSLS. The
theme of the latest course was tailored to users
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Participants in the XAFS Studies of Nanocatalysis and
Chemical Transformations Short Course

of the SCC who have recently collected data in
systems of relevance for catalysis applications:
nanoparticles- mono- and bimetallic (including
core-shell), supported on different surfaces, stud-
ied ex situ or in situ. The latter included real-time
reactions studied at the SCC facilities by XAFS.

The course was organized by Anatoly Frenkel
(Yeshiva University), Syed Khalid (NSLS), and
Faisal Alamgir (NIST). The format of the course
consisted of lectures in the morning and data
analysis sessions in the afternoon. Most lectures
were designed as tutorials on different aspects of
XAFS analysis, such as the “Theory of XANES”
and “Theory of EXAFS” (Josh Kas, University of
Washington), advanced data analysis methods
(Principal Component Analysis, by Stephen Was-
serman, SGX Pharmaceuticals), and the basics of
EXAFS data processing and fitting (Scott Calvin,
Sarah Lawrence College). In addition, lecture top-
ics included the “Concepts of advanced EXAFS
data modeling” (Anatoly Frenkel), “In situ XAFS
studies of fuel cell catalysts” (Carlo Segre, IIT),
“XAFS studies of battery materials” (Faisal Alam-
gir), and “New opportunities with Quick XAFS at
the NSLS” (Syed Khalid).

There were 26 registered participants from aca-
demia, industry, and national laboratories, as

well as 5-10 graduate students from Stony Brook
University and Yeshiva University who audited the
course. The lecturers were also the data analysis
session instructors. During the data analysis ses-
sion, participants were trained in using the XAFS
analysis packages IFEFFIT (authors: M. Newville
and B. Ravel), FEFF8 (authors: J. Rehr, et al) and
PCA software (author: S. Wasserman).

Most of the course participants brought their
own data they recently collected at the NSLS or
other synchrotrons. The analysis sessions were
organized by matching instructors to the prob-
lems. Instructors rotated between sessions, thus
sharing their expertise with more than one group
of participants. For example, all groups benefited
from Steve Wasserman'’s tutorials on the use of
his Principal Component Analysis program and
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Josh Kas’ tutorials of modeling in-situ XANES
data in nanoparticles with FEFF8. Scott Calvin,
Faisal Alamgir, and Carlo Segre advised all those
interested in adaptation of IFEFFIT programs to
advanced modeling methods. Anatoly Frenkel
helped those studying monometallic and bimetal-
lic, including core/shell, nanoparticles.

All course members thoroughly enjoyed friendly
and professional logistical support by the NSLS
Users Administration Office: Gretchen Cisco, Liz
Flynn, Kathy Nasta, and Mercy Baez.

— Anatoly Frenkel

NSLS USERS RECOGNIZED
October 25, 2006

Each year, a number of NSLS users win presti-
gious awards in their field of scientific research.

The following represent a collection of some of the
2006 awards:

2006 Alvin Van Valkenburg award

=T ] : NSLS user Li Li was the

o ! 2006 recipient of the Alvin
Van Valkenburg award.
This international award is
given every second year

| in the name of physicist
Alvin Van Valkenburg,
co-inventor of the dia-
mond anvil cell, to honor
a young scientist whose
research involves high
pressure.

Li Li

Li received her Ph.D. in geophysics from Stony
Brook University in 2003 and is an adjunct re-
search assistant professor at the Stony Brook
Mineral Physics Institute. She started using beam-
line X17B2 as a graduate student in 1998 to study
the rheology of minerals at high pressures and
temperatures.

Rheological properties of materials at high pres-
sure are valuable in many scientific fields, in-
cluding geoscience, which is Li’'s concentration.
Geoscientists obtain insight about the dynamics of
the earth by deforming minerals at mantle condi-
tions. Li probes these properties in-situ using
synchrotron x-rays. She also performs theoretical
calculations in collaboration with the University
College London.

The Van Valkenburg award was presented at the
2006 High Pressure Gordon Conference in Bid-
deford, Maine, on June 29, 2006.



2005 Hans-Jiirgen Engell Prize

The International Society
of Electrochemistry (ISE)
awarded the 2005 Hans-
Jurgen Engell Prize to
NSLS user Dev Chidam-
baram in recognition of
his scientific work and
publications in the field of
electrochemistry.

The ISE is a professional
organization for elec-
trochemists, with 1,400
members from more than 60 countries. Chidam-
baram received his prize, consisting of a plaque
and 500 euros, at the organization’s 2006 annual
meeting, held in Edinburgh, Scotland. Chidam-
baram delivered a keynote lecture on September
1, 2006.

Dev Chidambaram

Chidambaram joined Brookhaven Lab in 2004 as
a Goldhaber Distinguished Fellow. His research
focuses on protecting metals from corrosion and
remediating toxic metals and radionuclides in the
environment. In a project funded by the U.S. Air
Force, Chidambaram found that molybdenum may
be a viable replacement for chromate coatings,
which are used to coat metals to prevent corrosion
but are carcinogenic. Later, this result was used
as a starting point for a program funded by the
U.S. Army. Working with a team from Stony Brook
University, Chidambaram has developed a new
molybdate-based coating to prevent the deteriora-
tion of depleted uranium. Both programs exten-
sively used the analytical techniques at the NSLS
to study the materials.

Best Paper Award at 2006 EPCOS

Jean Jordan-Sweet

Simone Raoux

NSLS users Simone Raoux and Jean Jordan-
Sweet won one of three "best paper" awards given
annually at the European Symposium on Phase
Change and Ovonic Science (EPCOS) for work
done in part at NSLS beamline X20C.

The award was presented in May at the 2006 EP-
COS in Grenoble, France, for the paper “Scaling
properties of phase change nanostructures and
thin films.”

Using time-resolved x-ray diffraction (XRD), the
researchers studied the thickness and size-depen-
dent behavior of ultra-thin films and nanostruc-
tures, which are important for their applications

in solid-state memory devices that could one

day replace digital camera flash cards. The goal,
Raoux said, is to find a small-scale phase change
material that would allow for faster and cheaper
technology.

Raoux, from the IBM Almaden Research Center,
and Jordan-Sweet, from the IBM T.J. Watson
Research Center, started working on the project at
the NSLS more than two years ago. Other com-
panies involved in the research included Infineon
Technologies and Macronix International Co.

2006 Gregori Aminoff prize

Stephen Harrison, a
former NSLS user, was
awarded the 2006 Gregori
Aminoff Prize in Crystal-
lography by the Royal
Swedish Academy of Sci-
ences. Harrison received
the prestigious award
along with Oxford Uni-
versity professor David
Stuart, “for their remarka-
ble contributions in virus
crystallography.”

Stephen Harrison

The Aminoff prize is given out annually to scien-
tists or research groups who have made a ma-
jor contribution to the field of crystallography. It
consists of a gold medal, a diploma, and a cash
award, and is named after Swedish crystallogra-
pher Gregori Aminoff, the first scientist to intro-
duce crystallography to Sweden.

Harrison was a regular NSLS user from the mid
80s through the end of the 90s. He worked mainly
on beamline X25, studying the structure of DNA
protein complexes, in particular, those that control
the process of transcription. He also served on the
NSLS Science Advisory Committee, which advises
the NSLS Chair and the Associate Laboratory
Director for Light Sources on scientific, technical,
and policy issues related to the optimization of
the scientific productivity of the NSLS. Harrison,

a Harvard Medical School professor, used the
Cornell High Energy Synchrotron Source (CHESS)
to conduct most of his research in virus crystal-
lography.

The prize was presented at the Royal Swedish
Academy of Sciences in Stockholm on June 7,
2006. A two-day symposium illuminating the latest
developments and results in the field of structural
work on viruses was organized to honor the prize-
winners.

— Kendra Snyder
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NANOSCIENCE SAFETY HIGHLIGHTED
December 1, 2006

Nanoscience safety requirements at the NSLS
tightened in 2006, in an effort to ensure that there
are no harmful health effects from the study and
handling of nanomaterials.

The properties of nanoscale materials are known
to differ from those observed for the same materi-
als in bulk or even microscale configuration, and
those differences result in uncertainty about the
potential health effects and environmental con-
cerns these materials could present.

Studies are showing that nanoscale particulates
can pass through intact skin, are more likely to
reach the air exchange portion of the lungs when
inhaled, and can migrate in the body through
compartments, along nerve pathways, and through
epithelial barriers. The acute and chronic ef-
fects of exposure are not yet defined and, until
researchers are able to develop a technical basis
for exposure standards and for assessment of the
risks presented, nanomaterial work conducted

at Brookhaven National Laboratory must include
conservative controls.

The U.S. Department of Energy (DOE) and BNL
policy is to use these materials with care and to
minimize personnel exposures and environmental
releases. Environmental, Safety and Health (ESH)
staff working at each of the five DOE nanocen-
ters developed a set of nanoscience safe work
practices that is posted on the BNL Standards
Based Management System (SBMS) website:
https://sbms.bnl.gov/sbmsearch/subjarea/105/
3836d011.pdf. Everyone working with these ma-
terials is expected to know and meet the require-
ments outlined in that document.

The work practices apply to all nanomaterial han-
dling, but focus on control of "free" nano-particu-
late work as that presents greater risk of exposure
or release. Included are requirements for working
in hoods, encapsulating samples, scrubbing gas-
ses that flow over particulates, labeling, transport
packaging, and waste handling.

— Andrew Ackerman
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CHI-CHANG KAO AMONG FIVE
NAMED APS FELLOWS

December 28, 2006

Five scientists at BNL — Tim Hallman, Chi-Chang
Kao, Dmitri Kharzeev, William Morse, and Yimei
Zhu — were named Fellows of the American Physi-
cal Society (APS), a professional organization
with more than 45,000 members. Election to APS
Fellowship is limited to no more than one half of
one percent of its membership in a given year,
and election for this honor indicates recognition
by scientific peers for outstanding contributions to
physics. The Brookhaven scientists were among
212 Fellows elected in 2006.

Clockwise from left, Dmitri Kharzeev, Tim Hallman,
William Morse, Yimei Zhu, and Chi-Chang Kao

Kao, Chair of the NSLS, was recognized “For his
many contributions to resonant elastic and inelas-
tic x-ray scattering techniques and their applica-
tion to materials physics.” During his research at
the NSLS, Kao has developed new x-ray scatter-
ing techniques to study the electronic and magnet-
ic properties of magnetic and strongly correlated
materials. These techniques have led to better
understanding of the Earth’s interior and materials
properties under extreme conditions.

Kao earned his Ph.D. in chemical engineering
from Cornell University in 1988. Shortly after, he
joined BNL as a postdoctoral research assistant
at the NSLS. He was promoted to senior physicist
in 2001. Kao is also an adjunct professor in the
Department of Physics and Astronomy at Stony
Brook University.

— Kendra Snyder



2006 NSLS TOURS

1/4/2006 Karen Agostisi, Congressman Steve Israel's Washington Legislative Aide

1/24/2006 Alain E. Kaloyeros, Executive Dir., NYS Center for Advanced Technology, Albany NanoTech
2/3/2006 New York Institute of Technology, IEEE Club

2/23/2006 New York City Biology Teachers Association

2/28/2006 Suffolk County Economic Development Agency

3/1/2006 Retired U.S. Army General Barry McCaffrey, President of B.R. McCaffrey Associates, LLC
3/2/2006 The National Institute for Occupational Safety and Health Data Capture Team
3/8/2006 Communications Trust Advisory Panel Committee

3/14/2006 Polytechnic University of Brooklyn

3/15/2006 American Society of Metals/Materials-Long Island Chapter

3/17/2006 City College of New York

3/21/2006 John J. Grossenbacher, Director of Idaho National Laboratory

3/22/2006 Charterhouse School

3/24/2006 York College of CUNY

3/24/2006 National Research Council of Canada, Infotonics of Rochester and Javelin Assoc. Directors
3/27/2006 Stony Brook University - Graduate Students

3/28/2006 Wildlife Genetics Conference

3/29/2006 University of Montenegro and State Department

3/30/2006 Stars Program and Japanese Exchange Team

3/31/2006 Smithtown Science Teachers - Staff Development Day

4/11/2006 ASHRAE: American Society of Heating, Refrigeration and Air-Conditioning Engineers
4/18/2006 Renaissance Technologies Corporation

4/28/2006 Muhlenberg College

4/28/2006 Nassau Community College - Radiation Therapy Program

5/4/2006 Queens College of CUNY

5/16/2006 Department of Energy Budget Officers

5/18/2006 Brigham Young University

6/2/2006 Stony Brook University - Summer Undergraduate Program

6/2/2006 U.S. Secretary of Energy Samuel Bodman

6/19/2006 Nuclear Chemistry Summer School

6/22/2006 Sheryl Silberman, Special Assistant to the Director, Idaho National Laboratory
7/11/2006 Columbia University REU Students

7/12/2006 Dr. Mitchell Shapiro - Overview of BNL

7/13/2006 Laser Safety Officer Conference

7/14/2006 Morgan State University

7/14/2006 Queens Hall of Science Ham Radio Club

7/14/2006 Southern University of New Orleans
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2006 NSLS TOURS

7/20/2006
7/27/2006
7/27/2006
7/31/2006
8/7/2006

8/9/2006

8/9/2006

8/10/2006
8/11/2006
8/22/2006
8/24/2006
8/28/2006
9/8/2006

9/21/2006
9/26/2006
9/28/2006
9/29/2006

10/2/2006

10/11/2006
10/12/2006
10/13/2006
10/16/2006
10/18/2006
10/18/2006
10/20/2006
10/20/2006
10/20/2006
10/24/2006
10/24/2006
10/27/2006
11/1/2006

11/3/2006

11/15/2006
11/16/2006
12/4/2006

12/8/2006

Columbia University - Summer Chemistry Program

Jose Antonio Brum, Brazilian Synchrotron Light Source Director

Stony Brook University - REU Chemistry Program

Stony Brook University - REU Physics Program

Lauren Hill, Long Island Alliance

Research Library General Laboratory Tour

Stony Brook University - Brookhaven Women in Science

New York State Business Council's Committee on Education

Dongwha Kum, Korean Institute of Science & Technology (KIST) President
Northrop Grumman Corporation

Long Island Chapter of Oil and Heating Service Managers

Rocky Point Rotary Club

John Ryan, State University of New York Chancellor

Brookhaven Women in Science

Hofstra University

New York University Graduate School of Journalism Science and Environmental Reporting

Wayne Horsley, Chair of Suffolk County Legislature-Committee for Economic Development,
Higher Education & Energy

University of Palermo

DOE - Library Operations Working Group

Battelle Commercialization Managers

Half Hollow Hills School District

BNL ESHQ Directors

United States Merchant Marine Academy

Brian Foley, Brookhaven Town Supervisor

City College of New York

Korean Institute of Science and Technology for the Center for Nanomaterial Technology
Borough of Manhatten Community College

Hofstra University

Adelphi University

Eastport Manorville School District

Fordham University-Society of Physics Students Club
Steven H. Stern, Suffolk County Legislator, 16th District
Edo Corporation

Sarah Lawrence University

Suffolk County Community College

Suffolk County BOCES Staff Workers
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2006 NSLS SEMINARS

1/11/2006 Interim Controls Upgrade for Measuring Noise and Detecting Glitches in Magnet Power
Supplies at the APS Storage Ring
Surajit Sarkar, Massachusetts General Hospital

1/13/2006 Control and Noise Immunity for High-Resolution Experiments
Jinyang Liu, University of New Mexico

1/17/2006 Resonant X-ray Magnetic Scattering from Nanoscale Magnetic Materials
Richard M. Osgood, I, Lincoln Laboratory, Massachusetts Institute of Technology

1/18/2006 Shining Light on the Cause of Alzheimer's Disease
Lisa M. Miller, NSLS-BNL

1/30/2006 Synchrotrons Helping Solve the Magnetic Oxide Semiconductor Puzzle
Ives U. ldzerda, Montana State University

1/31/2006 Atomic Design and Engineering of Spinel Ferrites for RF and Microwave Device Applications
Vincent Harris, Northeastern University

3/10/2006 Progress in the Development of New Optics for Very High Resolution Inelastic X-ray Scattering
Spectroscopy.
Yuri Shvyd'ko, Argonne National Laboratory

3/13/2006 Adsorption of Protein GInB of Herbaspirilum Seropedicae on Silicon Using Spin-Coating
Technique
Adriana Lubambo, Universidade Federal do Parna, Curitiba, Brazil

3/14/2006 New Insights on the Formation of Bone by Synchrotron X-ray Scattering
Christian Burger, Stony Brook University

3/14/2006 High-Throughput Crystallography for Drug Discovery - In Practice
Gyorgy Snell, Syrrx/Takeda, San Diego

3/21/2006 High-Speed Semiconductor Detectors for the Synchrotron Experiments at LCLS and XFEL
Lothar Striider, Max-Planck-Institut and University of Siegen, Germany

3/21/2006 Subgrain Size, Planar Defects, and Vacancies from X-ray Line Profile Analysis
Tamas Ungar, Eétvés University, Hungary

3/28/2006 The Art of Scientific Project Management - An LBNL Perspective
Kem Robinson, Lawrence Berkeley National Laboratory

3/28/2006 NSLS-II: Challenges and Opportunities
Steve Dierker, Brookhaven National Laboratory

3/28/2006 An Introduction to X-ray Absorption Spectroscopy in Enviro-, Geo-, and Biosciences
Paul Northrup, Brookhaven National Laboratory

3/29/2006 Superconducting Undulator Development
Kem Robinson, Lawrence Berkeley National Laboratory

4/4/2006 Biological Applications of Bench-top and Synchrotron-based Micro-Computed Tomography:

PIRL’s Twelve-Year Experience
Steve Jorgensen, Mayo Clinic College of Medicine
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2006 NSLS SEMINARS

4/4/2006

4/17/2006

4/20/2006

4/20/2006

4/24/2006

4/25/2006

4/26/2006

4/27/2006

5/2/2006

5/4/2006

5/19/2006

5/23/2006

5/31/2006

6/8/2006

6/14/2006

6/15/2006

6/21/2006

6/22/2006

The Generation of Short Electron Bunches and Coherent Synchrotron Radiation in the
BESSY Storage Ring
Godehard Wuestefeld, BESSY, Germany

Observation of Surface Layering in a Normal Dielectric Liquid
Haiding Mo, Northwestern University

Imaging Magnetic Nanostructures via Resonant Soft X-ray Spectro Holography
Olav Hellwig, Hitachi Global Storage Technologies

Interpretation of Complex Images in Coherent X-ray Diffraction
lan Robinson, University College, London, United Kingdom

Perspectives in meV Resolved Inelastic X-Ray Scattering
Alfred Baron, Harima RIKEN and SPring-8/JASRI, Japan

Nonintercepting, Time-resolved Imaging Diagnostics for Multi-GeV Beams
Alex Lumpkin, Argonne National Laboratory

X-ray Imaging at a 3rd Generation Synchrotron
Qun Shen, Argonne National Laboratory

Status of High Energy X-ray Microfocusing at the ESRF: Pathways for Nanofocusing
Anatoly Snigirev, ESRF, France

Resonant Soft X-ray Scattering and Resonant Soft X-ray Reflectivity: New Tools for the
Characterization of Organic Materials
Harald Ade, North Carolina State University

Calculation of Beam Impedance for Long Tapers and Short Bunches
Gennady Stupakov, SSRL, SLAC

Si-Ge Thin Film Engineering
J. Burnette, North Carolina State University

Liquid Crystals in Random Environments
Dennis Liang, Johns Hopkins University

Multilayer Laue Lenses - a Path Towards Nanometer Focusing of X-rays
Jorg Maser, Argonne National Laboratory

Current State and Fundamental Limitations of Focusing Hard X-rays with Refractive Optics
Christian Schroer, Institute of Structural Physics Dresden, Germany

Accelerator Physics Aspects of Crab-Cavity-Based Production of Picosecond X-ray Pulses
Michael Borland, Argonne National Laboratory

The New PEEM at the Swiss Light Source
Christoff Quitmann, Swiss Light Source, Switzerland

Surface and Interface Studies Using High Energy X-rays
Harald Reichert, Max Planck Institute, Germany

Tailoring the Self-assembly of Small Molecules in Complex Structures in Bulk and at Interfaces
Raluca I. Gearba, Institut de Chimie des Surfaces et Interfaces (ICSl), France
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2006 NSLS SEMINARS

6/22/2006

6/27/2006

7/7/2006

7/10/2006

7/11/2006

7/25/2006

8/1/2006

8/4/2006

8/4/2006

9/5/2006

9/7/2006

9/7/2006

9/8/2006

10/6/2006

10/10/2006

10/18/2006

11/16/2006

11/27/2006

Strategy Towards Nanometer Size Beams with Reflective Optics
Olilvier Hignette, ESRF, France

Hierarchical Self-assembly of Plant Viruses for Materials Development
Qian Wang, University of South Carolina

New Generation of Instruments for Spin Polarized Electron Spectroscopy: Ultrafast Compact
Classical Mott Polarimeter

V.N. Petrov, St. Petersburg State Polytechnical University, Russia

Upgrading and Improving the HERA ep Collider
Ferdinand Willeke, DESY, Germany

The Effect of Alloying Ru into Pt on Bonding Electronics of CO on Pt
Eugene Smotkin, University of Puerto Rico

The Sub-Picosecond Pulse Source: A Retrospective
Dr. Jerome Hastings, SSRL/SLAC

CAMD Light Source: Recent Challenges and Improvements
Mikhail Fedurin, Louisiana State University

Dynamical Theory for X-ray Diffraction and Photonic Crystal Diffraction
Xianrong Huang, Stony Brook University

Blazed Gratings and Minimal Zone Plates
Li Jiang, Louisana State University

Femtosecond Electron Diffraction: Probing Structural Dynamics on the Fundamental Timescale
Jianming Cao, Florida State University

Micro-diffraction and Other Novel Probes of Charge Density Wave Transport and Dynamics
Abdel Isakovic, Cornell University

Implementation and Performance Overview of Orbit Feedback Systems at APS
Om Singh, Argonne National Laboratory

The Short Bunches for CSR at MIT-Bates Ring
Dong Wang, Massachusetts Institute of Technology

A Stroboscopic View Inside High-speed Magnetic Materials
William Bailey, Columbia University

GM/CA CAT Beamline Control System for Protein Crystallography at the APS
Sergey Stepanov, Argonne National Laboratory

Bright Photon Beams: Developing New Light Sources
Timur Shaftan, NSLS-BNL

Flexoelectricity in Nematics and Chiral Nematics: Symmetry, Geometry, and Devices
Robert B. Meyer, Brandeis University

Studying the Short and Medium Range Order in Amorphous Metal Systems
Stephan Hruszkewycz, Johns Hopkins University
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2006 NSLS SEMINARS

11/29/2006

11/30/2006

12/5/2006

12/14/2006

12/19/2006

The Linac System at LSU CAMD
Yanshan Wang, Louisana State University

Electronic Reconstruction of the LaMnO_-SrMnO, Interface
Peter Abbamonte, University of Illinois

Advanced Accelerator R&D at the AO Photoinjector
Raymond Fliller, Fermilab

High Pressure Electronic Properties Investigated by RIXS: From Magnetic Collapse to
Quantum Criticality
Jean-Pascal Rueff, CNRS / Synchrotron SOLEIL, France

X-ray Fluorescence Microscopy of Saccharomyces Cerevisiae
Matthew Kidd, University of Michigan
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2006 NSLS WORKSHOPS

4/4/2006
4/23/2006
5/16/2006

5/16/2006

5/16/2006
5/17/2006
5/17/2006
5/17/2006
6/12/2006
6/19/2006
10/19/2006

X6A Workbench: Advanced Tools for Structural Biology
RapiData 2006

Synchrotron Catalysis Consortium: New Opportunities for in situ XAFS Studies of
Nanocatalysis

Soft Matter and Biomolecular Materials: X-ray Scattering Enabled by High Brightness
Beamlines

Nanoscale Correlations Heterostructures

Chemical and Biological Applications of X-ray Emission Spectroscopy

Platforms for the Integration of Biological Systems into Nanomaterials and Interfaces
Vacuum Ultraviolet Radiometry

Crystallization: Focus on Optimization and High Throughput Techniques

Discover Nanoscience and Nanoscience for Poets

Short Course: XAFS Studies of Nanocatalysis and Chemical Transformations
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NATIONAL SYNCHROTRON LIGHT SOURCE ORGANIZATION
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Director for

Light Sources
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F. Terrano
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Associate Chair . . . :
Associate Chair Associate Chair
for ESH/Q for Operations for Accelerators
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X.J. Wang
Controls & Detectors L] Operations
Bl P. Siddons R. Heese

User Administration
K. Nasta

Information and Outreach
L. Miller

NSLS and NSLS-II Staff




NSLS ADVISORY COMMITTEES

Users’ ExecutiveE COMMITTEE

The Users Executive Committee
(UEC) provides for organized discus-
sions among the user community,
NSLS administration, and laboratory
directorate. It aims to communicate
current and future needs, concerns,
and trends within the user community
to NSLS staff and management, and
to disseminate to the users informa-
tion about the NSLS and BNL plans.

CHAIR
Chris Jacobsen, Stony Brook Univ.

Vice CHAIR
Daniel Fischer, NIST

PasT CHAIR
Peter Stephens, Stony Brook Univ.

MEMBER
Steve Almo, AECOM

MEMBER
Chris Cahill, George Washington
Univ.

MEMBER
Chris Dvorak, Montana State Univ.

MEMBER
Howard Robinson, BNL-Biology

Ex-OFFicio

Chi-Chang Kao, NSLS User Science
Division

Ex-OFFicio

Kathy Nasta, User
Administration Office

Ex-OFFicio
Lisa Miller, NSLS Information and
Outreach Office

SpecIAL INTEREST GROUP
REPRESENTATIVES

Special Interest Groups in areas

of common concern communicate
with NSLS management through the
UEC.

Bi0. SCATTERING AND DIFFRACTION
Alexei Soares, BNL-Environ. Sci.

HigH PRESSURE
Jiuhua Chen, Stony Brook Univ.

ImAGING
Jeff Gillow, BNL-Environ. Sci.

INDUSTRIAL USERS
Simon Bare, UOP LLC

UEC members and SplG representatives: (Standing from left): Chi-Chang Kao
(BNL-NSLS), Dean Connor, Jr. (BNL-NSLS), Jiuhua Chen (Stony Brook U.),
Mahbub Khandaker (TJLab), Jiufeng Tu (City College of NY), Jeff Keister (SFA,
Inc.), Paul Evans (Univ. Wisconsin-Madison), Paul Northrup (BNL-Env. Sci.), Jeff
Gillow (BNL-Env. Sci.), Michael Dudley (Stony Brook Univ.), Cecilia Sanchez-
Hanke (BNL-NSLS), Kathy Nasta (BNL-NSLS), and Lisa Miller (BNL-NSLS).
(Sitting from left): John Sutherland (BNL-Biology), Chris Jacobsen (Stony Brook
University), Joe Dvorak (Montana State U.), Howard Robinson (BNL-Biology),
Chris Cahill (George Washington Univ.), and Dan Fischer (NIST). Missing from
photo: Peter Stephens (Stony Brook Univ.), Steve Almo (AECOM), Alexei Soares
(BNL-Envi. Sci.), and Simon Bare (UOP LLC).
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INFRARED USERS
Jiufeng Tu, City College of NY

NSLS-II
Paul Evans, Univ. Wisconsin-
Madison

NucLEAR PHysics
Mahbub Khandaker, TINL

STUDENTS AND PosT Docs
Dean Connor, Jr., BNL-NSLS

TimE RESOLVED SPECTROSCOPY
John Sutherland, BNL-Biology

TOPOGRAPHY
Michael Dudley, Stony Brook Univ.

UV PHOTOEMISSION AND SURFACE
SCIENCE
Jeff Keister, SFA, Inc.

XAFS
Paul Northrup, BNL-Environ. Sci.

X-RAY SCATTERING AND
CRYSTALLOGRAPHY
Cecilia Sanchez-Hanke, BNL-NSLS

ScIENCE ADVISORY

COMMITTEE

The Science Advisory committee
(SAC) evaluates science programs at
the NSLS and makes recommenda-
tions to the Chairman.

Simon Bare, UOP LLC
Joel Brock, Cornell Univ.
Robert Hettel, SSRL/SLAC
Eric D. Isaacs, ANL

Leemor Joshua-Tor, Cold Spring
Harbor

Edward Kramer, Univ. of California
Simon Mochrie, Yale Univ.

James Penner-Hahn (Chair), Univ. of
Michigan
William Thomlinson, CLS

Chris Jacobsen (UEC Chair), Stony
Brook Univ.



NSLS ADVISORY COMMITTEES

GEeNERAL User PrRoPOSAL
REeviEW PANEL

The Proposal Review Panel (PRP)
reviews and rates General User Pro-
posals. Members are drawn from the
scientific community and generally
serve a two-year term.

IMAGING AND MICROPROBES:
BioLocicAL AND MEDICAL

Leroy Chapman, Univ. of Sask.
Max Diem, City Univ. of New York
Paul Dumas, Soleil

Kathleen Gough, Univ. of Manitoba
Barry Lai, ANL

Irit Sagi, Weizmann Institute of Sci.

IMAGING AND MicROPROBES: CHEMICAL
AND MATERIALS SCIENCES

Harald Ade, N.C. State Univ.
David Black, NIST

Gene Ice, ORNL

Qun Shen, ANL

Nobumichi Tamara, LBNL

IMAGING AND MICROPROBES:
ENVIRONMENTAL AND GEOSCIENCES

Don Baker, McGill Univ.
David Black, NIST

George Flynn, SUNY @ Plattsburgh
Kenneth Kemner, ANL

IR/UV/SoFT X-RAY SPECTROSCOPY:
CHEMICAL SciENCES/SoFT MATTER/
BioPHYsICS

Jingguang Chen, Univ. of Delaware
Daniel Fischer, NIST

Jan Genzer, N.C. State Univ.

David Mullins, ORNL

Michael White, BNL-Chemistry

IR/UV/SoFT X-RAY SPECTROSCOPY:
MAGNETISM/STRONGLY CORRELATED
ELECTRONS/SURFACES

Robert Bartynski, Rutgers Univ.
Di-Jing Huang, SRRC

Alexander Moewes, Univ. of Sask.
Boris Sinkovic, Univ. of Connecticut
Jiufeng Tu, CUNY

Tonica Valla, BNL-Physics

METHODS AND INSTRUMENTATION

Leroy Chapman, Univ. of Sask.
Kenneth Finkelstein, Cornell Univ.
Ralf-Hendrik Menk, Sincrotrone
Trieste

Peter Takacs, BNL-Instrumentation

SAC Committee members (standing, from left) Robert
Hettel, Leemor Joshua-Tor, and Eric Isaacs. Sitting (from
left) Simon Mochrie, Edward Kramer, James Penner-Hahn,
and Bill Thomlinson. Missing from photo: Simon Bare, Joel
Brock, and Chris Jacobsen.
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MACROMOLECULAR CRYSTALLOGRAPHY

Alex Bohm, Tufts Univ.

Daniel Leahy, John Hopkins Univ.
Brenda Schulman, St. Jude Hospital
Da Neng Wang, New York Univ.
Joshua Warren, Duke Univ.

PowbDER/SINGLE CRYSTAL CRYSTAL-
LOGRAPHY

Simon Billinge, Michigan State Univ.
Thomas Duffy, Princeton Univ.
Andrew Fitch, ESRF

Joseph Hrilijac, Univ. of Birmingham
Stefan Kycia, Univ. of Guelph

Peter Lee, ANL

Peter Stephens, Stony Brook Univ.

X-RAY ScCATTERING: MAGNETISM/
STRONGLY CORRELATED ELECTRONS/
SURFACE

Kenneth Finkelstein, Cornell Univ.
Peter Hatton, Univ. of Durham
Valery Kiryukhin, Rutgers Univ.
Karl Ludwig, Boston Univ.
George Srajer, ANL

Trevor Tyson, NJIT

X-RAY SCATTERING: SOFT MATTER AND
BiopHYsIcs

Ben Hsiao, Stony Brook Univ.
Huey Huang, Rice Univ.

H. Miriam Rafailovich, Stony Brook
Univ.

Detlef Smilgies, Cornell Univ.
Helmut Strey, Stony Brook Univ.

X-RAY SPECTROSCOPY: BIOLOGICAL,
ENVIRONMENTAL, AND GEOSCIENCES

Martine Duff, Westinghouse
Savannah River

Douglas Hunter, Univ. of Georgia
Kenneth Kemner, ANL

Satish Myneni, Princeton Univ.

X-RAY SPECTROSCOPY: CHEMICAL AND
MATERIAL SCIENCES

Simon Bare, UOP LLC

Uwe Bergmann, SLAC

Anatoly Frenkel, Yeshiva Univ.
Steven Heald, ANL

Jean-Pascal Rueff, Jussieu

Tsun Sham, Univ. of Western Ontario
Trevor Tyson, NJIT




ALLocATION PANEL

The Allocation Panel allocates general
user beam time to both new proposals
and beam time requests based on ratings
provided by the Proposal Study Panels.
Members are drawn from the scientific
community and generally serve a two-
year term.

BioLoGy-PX

Marc Allaire, BNL-NSLS
Annie Heroux, BNL-Biology

EXAFS

Jeffrey Fitts, BNL-Environ. Sci.
Syed Khalid, BNL-NSLS

ImaGING AND MICROPROBES

James Ablett, BNL-NSLS

Kenneth Evans-Lutterodt, BNL-NSLS
Antonio Lanzirotti, Univ. of Chicago
Lisa Miller, BNL-NSLS

IR/UVISoFT X-RAY
Larry Carr, BNL-NSLS

VUV ALLOCATIONS
Elio Vescovo, BNL-NSLS

PowbpEeR/SINGLE CRYSTAL/HIPRESS/OPTICS
Zhong Zhong, BNL-NSLS

SCATTERING

Elaine DiMasi, BNL-NSLS

Cecilia Sanchez-Hanke, BNL-NSLS
Jean Jordan-Sweet, IBM

Christie Nelson, BNL-NSLS

Lin Yang, BNL-NSLS
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ACCELERATOR DIVISION REPORT

James B. Murphy
Associate Chair for Accelerators

Organization and Mission

The NSLS Accelerator Division (AD), headed by
James B. Murphy, is organized into two sections:
the Storage Ring & Insertion Device Section
(SR&ID), headed by Boris Podobedov, and the
Linear Accelerator (Linac) Section, headed by
Xijie Wang. In addition to the NSLS accelera-
tor complex, the AD staff operates the Magnetic
Measurements Laboratory (MML) and the Source
Development Laboratory (SDL), which are led by
Toshiya Tanabe and Xijie Wang, respectively.

The NSLS Accelerator Division has a four-part
mission:

e To ensure the quality of the electron beam in
the existing NSLS booster, linear accelerator,
and x-ray & vacuum ultraviolet storage rings

e To participate in the NSLS-II project, in par-
ticular the design of the storage ring and
injection system

e To operate the MML and the SDL

e To perform fundamental research and
development in accelerator and free-electron
laser physics.

2006 Activities

NSLS Accelerator Complex

The AD staff performed studies to improve the effi-
ciency and diagnostics of the NSLS injection sys-
tem. The studies resulted in identifying a loss re-
gion near the extraction septum in the booster and
led to a better understanding of the injection sys-
tem performance. Improvements in the diagnostics
and controls of the injection system provided for
measurement of the electron beam position in the
booster at anytime during the booster ramp. Dur-

James Murphy

ing the NSLS May shutdown, the AD staff assisted
the Operations and Engineering Division (OED)
staff in replacing a 40-year-old klystron with a
rebuilt tube resulting in a significant improvement
in the reliability of the NSLS linac system.

Close cooperation of all the NSLS divisions con-
tributed to the successful commissioning of the
new X25 mini-gap undulator (MGU) after its instal-
lation in the winter shutdown. The commissioning
included establishing the correct undulator eleva-
tion, calculation of the proper trip points for the
active interlock system, and assessing the impact
of the new insertion device on the beam dynamics
and lifetime of the X-ray ring.

The Task Force on Orbit Stability generated its
final report and concluded that no major problems
were identified. The feed forward system to com-
pensate for the elliptically polarized wiggler (EPW)
was significantly improved by the OED staff. A
procedure to regularly check the performance of
the beam position monitoring (BPM) receivers with
an RF calibrator is being explored.

Development of the Middle Layer Toolkit for study-
ing the properties of the VUV and X-ray storage
rings continued to make progress. Automated
scripts for the evaluation of accelerator param-
eters were deployed. The scripts provide for cali-
bration of the correctors and BPMs, restoration of
the lattice symmetry broken by gradient errors in
the sextupoles, and estimation of the quadrupole
gradients in the sextupoles due to closed orbit
shifts. Studies to determine the minimum emit-
tance coupling in the X-ray ring were very suc-
cessful, and it was shown that the coupling ratio
could be reduced to 0.3%. An improved character-
ization of the X-ray ring lattice at injection energy
(750 MeV) will be launched in the near future.

NSLS-Il Project

The accelerator physics staff of the AD provided
the core team for the design of the NSLS-II accel-
erator complex, including the ultra-high brightness
storage ring and the top-off booster injection sys-
tem. A conceptual design report was prepared as
part of the qualification process to achieve Critical
Decision One (CD-1) approval from the Depart-
ment of Energy for the NSLS-II project.

While the primary emphasis of the NSLS-II project
is the production of ultra-high brightness x-rays, it
is highly desirable to continue to provide for state-
of-the-art capabilities in the VUV and IR as well.
For the IR region in particular, several options
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were explored, including upgrading the existing
VUV ring with a superconducting RF system to
provide short bunches for a coherent mode of
operation.

Magnet Measurement Laboratory (MML)

The AD staff worked in collaboration with the OED,
the User Science Division and an outside vendor
to design, construct, and measure the new X25
cryo-ready MGU. The team completed the iterative
process of magnetic measurements, shimming,
and optimization in time for the December 2005
installation. Magnetic measurements before and
after baking at 90°C, as well as before cool down
to —-120°C and after warm-up to room temperature,
confirmed that the high field quality and very low
phase error (2.5° RMS) were preserved through
the thermal cycling. Also proven were the mechan-
ical design features for accommodating differential
expansion and contraction during the extreme
temperature excursions, as were the Keyence
optical micrometers monitoring the actual magnet
gap. Commissioning took place in February 2006.
Figure 1A shows the measured brightness spec-
trum at the minimum gap of 5.6 mm, and the theo-
retical spectrum computed by the SPECTRA code
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Figure 1. (A) Measured (solid curve) and predicted
(dotted curve) brightness spectra of X25 MGU at minimum
magnetic gap of 5.6 mm. (B) Measured tuning curves for
the 3 through 9™ harmonics.
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(from SPRING-8) for an ideal undulator; there is
excellent agreement between the two results. Fig-
ure 1B shows the measured tuning curves for the
3 through 9" harmonics over the normal range

of magnetic gap operation. (Figures courtesy of J.
Ablett & L. Berman, NSLS)

The X25 MGU is operating presently with water-
cooling only. Cryogenic operation at 150K could
extend the tuning range of each harmonic down-
ward by about 10%. Potential benefits of the ex-
tended tuning are being weighed against the cost
of the refrigeration system and the lack of magnet-
ic measurements at cryogenic temperatures.

The BNL Cryogenic Safety Committee approved
the Phase | configuration of the superconducting
(SC) undulator Vertical Test Facility (VTF), permit-
ting operation with liquid helium in the pool-boiling
mode. For the commissioning test, a SC Helmholtz
coil (for in-situ Hall probe calibration) and a refur-
bished pair of legacy SC mini-undulator sections
with 8.8 mm period were used. Field scans were
taken over a range of currents from 25 to 150 A.
Figure 2 shows the on-axis field map of the Helm-
holtz coil and the test SCU at a current of 150 A in
both devices. The commissioning run successfully
demonstrated the operation of the cryogenic Hall
probe mapper and the in-situ calibrator.

In collaboration with BNL Superconducting Magnet
Division and HTS110, Inc., the MML staff em-
barked on a technical study of using high-tem-
perature superconductor (HTS) coils to replace the
existing copper coils used in VUV dipoles. Three
identifiable benefits from an HTS retrofit are: a
significant reduction in electrical power require-
ments to run the dipoles, a simpler and cheaper
current supply, and an increased aperture for
beam extraction.

As an LDRD project, the development of cryo-coil
packs for an X-ray ring sextupole magnet has
been conducted. Fabrication of the cryo-coil packs
has been undertaken and a prototype will be
tested by the end of FYO07.

The 2-meter long strong focusing VISA undulator
magnet was completed and measured as part of
the Office of Naval Research-funded Free Electron
Laser program at the SDL.

Source Development Laboratory (SDL)

The SDL is an ideal platform to conduct R&D on
high-brightness electron beams and laser-seeded
free electron lasers (FEL). The SDL consists

of a Titanium-Sapphire laser, a photoinjector, a
300-MeV linac and a 10-meter undulator. A sec-
ond year of funding was obtained from the Joint
Technology Office (JTO) and the Office of Naval
Research (ONR) to pursue high-gain free electron
laser amplifier experiments in the infrared wave-



VTF Test Article #1 at 150A
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Figure 2. VTF commissioning run with Helmholtz coil and
legacy 8.8 mm period SC undulator immersed in LHe.
Helmholtz coil provides cold Hall probe calibration up to 1.7
Tesla at 150 A.

length regime. The JTO/ONR-sponsored program
included experiments on optical guiding, efficiency
enhancement and the first observation of super-
radiance in an FEL.

In addition to the work in the infrared regime, new
short-wavelength milestones in the ultraviolet
region (UV) were also established. UV light at 190
nm was generated by operating the FEL in the
Self Amplified Spontaneous Emission mode and
the first lasing of the High Gain Harmonic Genera-
tion (HGHG) scheme in 4™ harmonic mode at 199
nm was achieved. Preliminary results on operat-
ing the SDL FEL in the Enhanced Self Amplified
Spontaneous Emission mode (E-SASE) were also
obtained.

The SDL has the ability to generate very short
electron pulses (1 ps FWHM) with high charge (~
1 nC), which is ideal for the generation of copious
quantities of coherent terahertz radiation (THz).
The AD worked in collaboration with the NSLS
User Science Division and the BNL Instrumenta-
tion Division to characterize the high intensity

(~ 100 pd/pulse) single cycle THz radiation. The
high-intensity pulses allowed BNL researchers to
explore new phenomena such as nonlinear cross-
phase modulation (XPM) in electro-optic crystals
and preliminary ideas on using the THz as a pump
in pump-probe experiments on high-temperature
superconductors. The development of an ultra-fast
electron diffraction source based on the SDL pho-
toinjector technology is also being considered.
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OPERATIONS AND ENGINEERING DIVISION

Erik D. Johnson

Associate Chair for Operations and Engineering

Organization and Mission

The Operations and Engineering Division (OED)
has three sections: Operations, which is led by
Richard Heese; Electrical Systems, led by Richard
Biscardi; and Mechanical Engineering, led by Ed
Haas. To serve the NSLS User community, our
mission falls into three main areas:

e Operation of the NSLS 24 hours a day, 7 days
a week, on average 44 weeks a year

e Design, fabrication, and maintenance of the
NSLS accelerators, infrastructure, and instru
ments, including upgrades, modifications, and
proposal development

e Engineering and technical support for other
NSLS divisions and the NSLS user community

The OED staff includes one scientist, 17 engi-
neers, and 53 technicians, making it the largest of
the NSLS divisions. In addition to its own staff, the
division coordinates the activities of five full-time
skilled tradesmen from the Laboratory, as well as
shops and trades assigned for specific jobs. The
breadth of our mission requires us to draw on the
capabilities of the other NSLS divisions for sup-
port, and in turn, provide specialized support for
their activities.

2006 Activities

An overview of machine performance summarized
for calendar year 2006 is provided in Section 5,
“Facility Facts and Figures.” For Fiscal Year 2006,
which is the DOE reporting period, overall reli-
ability was 94% for the X-ray ring and 97% for the
VUV ring. As in previous years, a comparatively
small number of disruptions longer than four hours
in duration account for much of the down time. For

(e
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Erik Johnson
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FY06 Summary Fault Analysis

Group Number of Faults Downtime [hr]
Area/System Total X-DT U-DT X-ra UV
Controls and Diagnostics 140 44 5 61.6 6.9
Power Systems 235 112 27 139.8 74.0
Utilities 80 36 30 53.3 951
Miscellaneous 64 42 5 35.7 4.7
519 234 67 290.3 180.7
[Significant Disruptions |
VUV Transport line shutter 67.2
Modulator 3 Core Bias 541 487
XRF Micro 20.2
Electron Gun Replacement 15.3
LBQ9 Short 11.5 4.2
BXESH1 6.8
Modulator 3 Thyratron Replacement 6.7
Water Fitting fail at X18/19 Sawtooth 6.1 6.5
XRF 2B 3 kW Amplifier 5.6
UV Trim Micro 5.6
X1 Active Interlock PS 5.1
X25 MGU Cooling 5.1
UV Interlock Security System 4.4
X29 Active Interlock 4.3
X13/14 Water Interlock 41
URF Interlocks 4.0
129.5 155.8
160.8 24.9

FY 2006, almost half of the x-ray downtime came
from only 11 events, and on the UV ring, only eight
faults accounted for more than 80% of the down
time. This distribution is a continuing indication of
an effective maintenance program in action; the
majority of the faults are small and quickly recov-
erable and many potential “big” events are avoided
through preventative maintenance.

The single largest down-time event in 2006 was
the failure of the bellows on the UV transport line
shutter. The shutter assembly is actually welded
into the transport line, so the decision was made
to replace the failed actuator without remov-

ing the shutter housing. This is not as easy as

it sounds because of mechanical interferences,
but the innovative approach that made it possible
kept the down time to less than three days, from
failure to return to operations. On the one hand, it
is heartening that the institutional knowledge and
creativity are still there to respond so effectively to
a problem of this kind. A “traditional” repair, which
would have cut out the shutter and welded in the
spare, could have resulted in more than a week of
down time. However, it is a concern that we may
be beginning to see more “age-related” failures in
NSLS equipment.



The NSLS has an aggressive preventive main-
tenance program, which has been effective in
mitigating the effects of normal “wear and tear” on
machine down time. The system stewards have
also identified elements of the machine operations
where failures are deemed to be most likely or to
have the greatest impact. In those cases, plans
for spares, upgrades, or replacements have been
developed. To help validate the planning assump-
tions, a Machine Operations Reliability Evaluation
(MORE) was held in 2006. This review was con-
ducted by an external committee that was charged
to evaluate our allocation of resources and plans
to secure reliable operations to the 2012 to 2014
time frame.

Overall, the committee gave kudos to the NSLS
staff members and their contributions to deliver-
ing high levels of machine availability and perfor-
mance, and found that “the analysis of machine
support and development needs is very good and
that the mechanisms for project planning and pri-
oritization are in place and appear to be effective.”
However, the committee also expressed the same
kinds of concerns raised by the staff regarding
threats to continued reliable operations. These
included:
e Aging instrumentation, components, and infra
structure
e The possibility of a major breach in security
and/or safety
A flat budget in out years
e  Staff recruiting, retention, and knowledge
transfer.

The committee also noted that staffing is a criti-
cal concern with the ramp-up of NSLS-II. These
issues are being factored into the near-term plan-
ning for the facility as are the initiatives outlined in
the NSLS Five Year Plan.

One of the new initiatives described in the plan is
the construction of a new insertion device beam-

Old X-9/10 chamber

The old phase | chamber removed during the winter
shutdown, and the chamber that replaced it being prepared
in the lab prior to its installation.

line at X9. As noted in the 2005 Activity Report,
initial preparations for this construction began at
the end of 2005. During 2006, the move of the
Case Center for Synchrotron Biosciences beam-
lines from X9 to X3 was successfully completed.
Preparations are underway for the construction
and installation of the new insertion device-based
Small Angle X-ray Scattering (SAXS) beamline

to support research for the Center for Functional
Nanomaterials. During the winter 2006 shutdown,
the original “phase |” storage ring vacuum cham-
ber for the X9/10 dipole and all of the old X9 bend-
ing magnet front-end components were removed.
A new dipole vacuum chamber with a zero-degree
output port compatible with the new X9 insertion
device was installed. The design of a new Mini-
Gap Undulator (MGU) and new front-end compo-
nents compatible with the X9 MGU started in FY06
and will continue into FYOQ7.

Fabrication efforts for many components of the
new X9 MGU insertion device have already begun,
as has layout and fabrication of the new hutch for
X9 (the largest ever at the NSLS!). During 2007,
beamline design is to be completed, and the in-
stallation of the front end and insertion device are
planned for the winter 2007 shutdown.

With many years of NSLS operations ahead, con-
tinuous maintenance and upgrades of the facility
will be vital to ensure that a robust research com-
munity is ready to exploit the exciting new capa-
bilities of NSLS-Il when it comes online. The OED
will continue its work to advance the initiatives in
the NSLS strategic plan to keep our user commu-
nity one of the most productive anywhere.
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USER SCIENCE DIVISION REPORT
Chi-Chang Kao

Associate Chair for User Science

Organization and Mission

The User Science Division (USD) coordinates
major facility activities related to users so that we
can be more effective in communicating with the
user community, strengthening existing scientific
programs, fostering the growth of new scientific
programs, and raising the visibility of the excit-

ing science produced by our users both inside

and outside the scientific community. The divi-
sion consists of five sections: User Administration
(Kathy Nasta), Information and Outreach (Lisa
Miller), Beamline Development and Support (Steve
Hulbert), Scientific Program Support (Ron Pindak),
and Detectors and Controls (Peter Siddons). The
major initiatives and accomplishments of the User
Science Division and the NSLS user community
for 2006 are summarized below.

2006 Activities

NSLS Five-Year Plan

The most important activity of the USD in 2006
was the development of the NSLS Five-Year
Strategic Plan. We worked closely with the user
community and the NSLS Science Advisory Com-
mittee (SAC) to identify future scientific oppor-
tunities, as well as beamline and infrastructure
upgrades needed to exploit those opportunities. A
more detailed plan, which includes the resources
required, funding sources, and schedule to imple-
ment these upgrades, also was developed.

Contributing User Proposals
With the assistance from the SAC, the first set of
nine Contributing User (CU) proposals was ap-

Chi-Chang Kao
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proved. The approved CUs include two research
resources: COMPRES (a National Science Foun-
dation-funded research resource for earth sci-
ences) and PXRR (a National Institutes of Health
and DOE Office of Biological and Environmental
Research-funded resource for macromolecular
crystallography), as well as several groups of
researchers who bring significant new instrumen-
tation to the NSLS. Although these CU programs
have only been in operation for a relatively short
time, they have already made a significant impact
to the NSLS user science program.

Funding Renewed for X6A

On the scientific program front, we are delighted
that funding for the East Coast Structural Biology
Facility, beamline X6A, has been renewed by the
National Institute of General Medical Sciences
(NIGMS). X6A is funded for macromolecular crys-
tallography and, in particular, to provide beam time
access to young scientists in the process of estab-
lishing research groups whose primary interest is
not x-ray crystallography. This grant from NIGMS
has enabled the NSLS to significantly expand its
structural biology program, as well as to develop a
rapid access and remote user program.

NSLS, BNL to Build Linac Coherent Light
Source Detectors

The NSLS and Brookhaven’s Instrumentation
Division were awarded a multi-year project to
construct detectors for the Linac Coherent Light
Source (LCLS) project at the Stanford Linear Ac-
celerator Center (SLAC). This is a very challenging
project and an important milestone for the detector
development effort at the NSLS. It will significantly
expand the expertise of the detector and control
group at the NSLS, led by Peter Siddons, which
has successfully delivered a wide range of detec-
tors to users over the last several years, including
fast photon counting detectors and linear array de-
tectors. The detectors developed for the LCLS will
also benefit many scientific programs at the NSLS.

Education and Outreach

We continue to put a large focus on user educa-
tion, training, and outreach at the NSLS. In the
area of user training, our annual XAFS short
course was held in October 2006, with the title
“Short Course: XAFS Studies of Nanocatalysis
and Chemical Transformations.” In addition, two
macromolecular crystallography courses, “Rapi-
Data 2006,” and the “X6A Workbench: Advanced
Tools for Structural Biology,” continued to attract
a large number of users. We also worked closely
with users to organize additional focused scien-



tific workshops, including “Synchrotron Catalysis
Consortium: New Opportunities for in situ XAFS
Studies of Catalysis,” a workshop on “Soft Mat-
ter and Biomolecular Materials: X-ray Scattering
Enabled by High Brightness Beamlines,” the “Na-
noscale Correlations Heterostructures” workshop,
a workshop on “Chemical and Biological Applica-
tions of X-ray Emission Spectroscopy,” a workshop
on “Platforms for the Integration of Biological
Systems into Nanomaterials and Interfaces,” a
“Vacuum Ultraviolet Radiometry” workshop, and
the workshop “Crystallization: Focus on Optimi-
zation and High Throughput Techniques.” These
short courses and workshops were very effective
in introducing the use of synchrotron techniques
in a particular area of science to non-synchrotron
users. Many new research opportunities and col-
laborations have resulted from them. Additionally,
we’ve continued our effort this year to coordinate
closely with the Center for Functional Nanomateri-
als in order to reach out to nanoscience research-
ers through joint seminars, workshops, and visits
to interested universities and institutions.

Beamline Upgrades and Performance
Improvements

We initiated a program this year to character-

ize beamline performance, including flux, energy
resolution, and focal spot size, on a regular basis,
led by Lonny Berman. The goal is to establish a
performance baseline for all NSLS facility beam-
lines, and identify areas that need improvement. In
addition, the three major upgrade projects initiated
and completed this year by the NSLS and PRTs
were at X18, X25, and X9. Details are described
below:

X18B Beamline Upgrade for Quick-EXAFS

A new monochromator drive and data-collection
scheme have been developed for beamline X18B
to allow quick measurements of x-ray absorption
spectra (QEXAFS). The micrometer on the stan-
dard NSLS tangent-arm driven monochromator
has been replaced with a cam, which continuously
changes the Bragg-angle of the monochromator
with a simple rotation of a motor. Different posi-
tions in the cam result in different angular ranges
over which the monochromator is rotated, which
translates into different energy ranges for the
scans. This allows the user to concentrate on
either the near-edge structure (XANES), or the
extended fine structure (EXAFS). The data are
collected using an analog-to-digital converter,
which digitizes the voltage from the current ampli-
fier directly.

During 2006, the QEXAFS setup was used by
three groups. Switching the X18B monochroma-
tor control system from conventional EXAFS to
QEXAFS mode takes only minutes. The graphical
user interface (GUI) for QEXAFS data collection
is now capable of continuous operation with data

collection duration of one or five minutes, each
with many cycles. In fast mode, a full EXAFS scan
with good signal to noise ratio can be collected in
200 milliseconds. This new capability will enable
the use of x-ray absorption spectroscopy for fast
in-situ kinetic measurements, e.g., for catalysis
and fuel cell research.

X25 Cryo-Capable Mini-Gap In-Vacuum
Undulator Installed in the X-Ray Ring

At the start of 2004, beamline X25’s program-
matic focus shifted completely to monochromatic
macromolecular crystallography, following 14
years of operation as a mixed-use high-brightness
beamline. Thus, the NSLS was presented with an
opportunity to renovate the beamline, as well as
the radiation source, to optimize them for a dedi-
cated macromolecular crystallography program. To
this end, the BNL Macromolecular Crystallography
Research Resource (PXRR), a collaboration be-
tween the BNL Biology Department and the NSLS,
submitted a funding request in late 2002 as part of
its proposal to the National Institutes of Health’s
National Center for Research Resources and the
Department of Energy’s Office of Biological and
Environmental Research (DOE BER) to renew its
five-year grant. The proposal was well received,
and $2.2M in funds was awarded by DOE BER
beginning in late 2003, to be dispensed over the
course of three fiscal years.

The newly installed double crystal monochromator at
beamline X25 is shown, with its vacuum chamber open.
The white beam enters from the right and the diffracted
beam emerges to the left. The first silicon crystal is
mounted on a copper support that can be cooled to
cryogenic temperature, and the second crystal is mounted
in a bender that can curve the crystal sagittally in order

to focus the beam horizontally. Directly beneath the
monochromator is the cryocooler and heat exchanger
assembly which forms part of the new cryogenic refrigerator
for cooling the first crystal.
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The new X25 MGU installed in the NSLS x-ray ring.

During the December 2005 shutdown, the origi-
nal hybrid wiggler, which served as the radiation
source for beamline X25 since its inception in
1990, was replaced by a custom-designed in-
vacuum miniature-gap hybrid undulator. At a pho-
ton energy of 6.3 keV, the new radiation source
will be 15 times brighter than the old one, and will
be six times brighter at a photon energy of 10.5
keV. Its design consists of 0.99 meter-long planar
hybrid magnet arrays with a period length of 18
mm (55 periods total) and a minimum attainable
gap of 5.6 mm, with a corresponding maximum
deflection parameter, K, of 1.5. The NdFeB-type
permanent magnet
material, which
has been used

in this insertion
device, can have
a higher magnetic
field and a higher
radiation resis-
tance simply by
cooling: Operation
at 150K will likely
produce a 13-14%
higher magnetic
field (and higher
K), resulting in a
larger photon en-
ergy tuning range.
Therefore, this
undulator design
also incorporates a provision for cryogenic opera-
tion, which might be pursued in the future. Unlike
previous miniature-gap undulator designs in use
at the NSLS, the one now implemented for X25
will be continuously tunable from 2 to 20 keV by
employing all harmonics up through the 9th. The
undulator vacuum and gap separation system was
manufactured by Advanced Design Consulting of
Lansing, NY. In conjunction with the installation of
the undulator, certain components in the front end
of the beamline, and the active interlock system
that protects the x-ray ring exit chamber, were
upgraded in order to cope with the much higher
power density of the undulator beam.
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X-ray burns taken using original
wiggler (top) and the new
undulator (bottom), in the same
location, show that the undulator
beam is much smaller than the
wiggler beam, as expected.
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In addition to the new radiation source, upgrades
to the beamline optics also were implemented in
order to exploit the properties of the new source.
The current double crystal monochromator was
replaced by one that incorporates cryogenic cool-
ing of the first crystal and sagittal bending of the
second crystal to permit horizontal focusing. It
was followed by the installation of a new bend-
able mirror, containing multiple coating stripes,

to permit vertical focusing. The completion of the
X25 upgrade, expected in FYOQ7, is essential to the
macromolecular crystallography program at the
NSLS.

X9 to X3 Beamline Relocation Complete

In October 2006, beamlines X3A and X3B began
operating without restrictions after being trans-
ferred from X9 in just four and a half months. The
relocation of the two beamlines was completed in
advance of original estimates, with deconstruction
of X9A and X9B beginning in early May and the
first commissioning beams at X3A and X3B run-
ning in late August and early September.

The Case Center for Synchrotron Biosciences,
which utilized the former X9 beamlines, moved
to X3 to make room for a new undulator-based
beamline at X9. The X9 straight section is cur-

Beamline X3 after



rently the last one available in the x-ray ring. It
will be used for a small-angle x-ray scattering
Facility Beamline with BNL's Center for Func-
tional Nanomaterials as a Contributing User. The
new X9 beamline is expected to be operational in
2008, with commissioning completed during the
first cycle of the year and full operations starting
in May or June.

Although performed quickly, the relocation from
X9 to X3 wasn’t an easy process. First, the X16C
beamline was renovated to accept the experimen-
tal program that was operating at beamline X3B1.
Next, the former X3 beamlines and experimental
equipment were completely removed from the

X3 floor space. Then, planning, surveying, and
engineering and design for the relocation of the
two X9 bending magnet beamlines to counterpart
locations at X3 were undertaken and the neces-
sary reviews were completed. The X9A hutch was
modified and re-built in its new location at X3A, a
new hutch for X3B was constructed, and associ-
ated utilities and interlocks were installed. The
beam pipes for both beamlines, which penetrate
the shield wall and connect them with the front
end, were moved from X9 to X3, and the shield
wall and neighboring lead shields were re-built ac-
cordingly. All experimental equipment and controls
for these beamlines also were moved to their new
locations at X3.

All of the equipment was in place at X3 by August,
with the first commissioning beams running shortly
after. Re-commissioning was completed around
the end of the 2006 fiscal year. In addition to host-
ing Participating Research Team (PRT) experi-
ments, both beamlines also are accepting General
Users.
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NSLS=II REPORT

Steven Dierker
Associate Laboratory Director for Light Sources
NSLS-II Project Director

Introduction

NSLS-Il is a proposed new state-of-the-art me-
dium energy storage ring designed to deliver world
leading brightness and flux with top-off operation
for constant output. The facility will replace the
NSLS, producing x-rays more than 10,000 times
brighter than those produced at the NSLS today.
The design and engineering is expected to begin
in 2007, construction in 2009, and operations in
2014.

The superlative character and combination of
capabilities will have broad impact on a wide
range of disciplines and scientific initiatives in

the coming decades, including new studies of
small crystals in structural biology, a wide range
of nanometer-resolution probes for nanoscience,
coherent imaging of the structure and dynamics of
disordered materials, greatly increased applicabil-
ity of inelastic x-ray scattering, and properties of
materials under extreme conditions.

2006 Activities

2006 was an extraordinary year for the NSLS-II
Project — challenging, exciting, and full of change
and accomplishment.

The NSLS-II Project organization, which was cre-

ated in January 2006, grew rapidly and by the end
of the year a true team of about 100 people were

working on the project. Jim Yeck, as Deputy Proj-

ect Director, brings a wealth of prior experience

Steve Dierker
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with large DOE and NSF construction projects. We
are also very fortunate to have the able leader-
ship of Satoshi Ozaki, John Hill, Marty Fallier, and
Diane Hatton, who as Directors of the Accelerator
Systems, Experimental Facilities, Conventional
Facilities, and Project Support Divisions, respec-

Latest NSLS-Il rendering

tively, have guided their development. We are also
delighted that Ferdinand Willeke, formerly head of
the complex HERA facility at DESY, will be joining
the project this coming July to succeed Satoshi
Ozaki.

In testimony to BNL'’s strength as a first-class ac-
celerator laboratory, we have been able to draw
on expertise from throughout the laboratory, with
staff from NSLS, CAD, SMD, and many other
departments contributing to the project. The full-
time NSLS-II staff took up residence in the new
NSLS-II Project Site Office, Buildings 817 and
830M. These buildings are now full, and we will be
expanding into a new building, 817M, in the com-
ing months.

The project also benefited from the continued
involvement of the scientific community by hosting
visits of from 1 day to several weeks of more than
70 international experts in a variety of disciplines.
Additional community involvement occurred
through the formation of four external NSLS-II ad-
visory committees, created to guide, and provide
oversight to, the project. Altogether, we hosted
more than 10 reviews or workshops on a wide
range of topics during 2006.

The culmination of these efforts was expressed
in the NSLS-II Conceptual Design Report, avail-
able on the NSLS-Il website, which presents the
conceptual design of a world leading facility that
will enable the study of material properties and



functions, particularly at the nanoscale, at a level
of detail and precision never before possible.

In December, 2006 the project underwent a very
successful DOE (“Lehman”) Review. Overall, the
committee judged the project team to be strong
and to have the full support of BNL and the design
as likely to achieve the technical goals.

2007 promises to be equally challenging. In addi-
tion to ramping up our R&D program, our current
schedule calls for completing Title I, or preliminary
engineering, design by the end of this year.

In summary, through the hard work and dedication
of an extremely talented community, both inside
and outside BNL, we have gotten off to a great
start. | look forward to continued future success.
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USER ADMINISTRATION REPORT

Kathleen Nasta
User Administrator

The User Administration Office at the NSLS co-
ordinates site access for all of our users, cover-
ing everything from processing appointments to
ensuring safety compliance and issuing badges.
We also facilitate the general user proposal pro-
gram, maintain beamline agreements and data,
record and interpret statistical data, and plan and
organize meetings and workshops, including the
annual Users’ Meeting.

2006 Activities

User Statistics

During Fiscal Year 2006, 2105 users performed
experiments at the NSLS. Figures 1 and 2 detail
the affiliations of our users and their areas of
scientific research, respectively. There were 656
new users that joined us in 2006, indicating that
the NSLS user community continues to be very
dynamic. Roughly half of our users are U.S. citi-
zens, and about 75% are male. A little more than
half of the users from the 399 unique institutions
came from U.S. universities. Other institutional
categories included foreign, academic, BNL (non-
NSLS), U.S. industry, U.S. laboratories, feder-
ally funded institutions (non-DOE), non-federally
funded institutions, foreign national laboratories,
and others. About two-thirds of the users came
from institutions located in the northeastern United
States, and one third of those were located in New
York (Figure 3). Scientists, faculty members, and
professional staff made up 44% of those users
performing experiments, while 37% were gradu-
ate students and 13% were postdoctoral students.

Kathy Nasta
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FY 2006
Federal
Agencies
(non-DOE) Industry/ Other Labs
2% Corporate & Affiliations
DOE 7% 7%
Employees

(non-BNL)
2%

BNL
Employees
11% Academic
1%

Figure 1. NSLS users by affiliation

Four percent were undergraduate-level students.
Reviewing users’ fields of research, almost half
(45%) perform experiments in the life sciences
area. The next largest group, at 29%, lists materi-
als science as their research area, and 13% of the
users are in the environmental and geosciences
fields.

User Access Procedures

The web-based Proposal, Allocation, Safety and
Scheduling (PASS) system was used for the first
time for the fall 2004 operations cycle. PASS al-
lows numerous actions to be taken care of in one
system, including creating and submitting pro-
posals, conducting feasibility and peer reviews,
allocating and scheduling beam time, performing
safety reviews, and maintaining beamline informa-
tion.

During 2006, work began on prerequisites to cre-
ate a framework for developing a system for Rapid
Access to beamtime. A Principal Investigator (PI)
can now name a delegate for a PASS form (for
example, a professor can name a student). This
delegate is another PASS user and s/he can pre-
pare, submit, and receive status updates. In addi-
tion, a system of Envelope Safety Approval Forms
(SAFs) was established. At this time, Macromo-
lecular Crystallography users are asked specific
questions prior to a full SAF. If answers indicate
the experiment meets the criteria of a predefined
Safety Envelope, no further SAF information will
be required, and approval of the SAF is greatly
expedited. Several meetings were held to gather
input on the design and flow of the Rapid Access
system, and it is expected that during FY 2007 the
system will be operational.



A new Proposal Oversight Panel (POP) group was
established prior to the Fall 2006 beamtime cycle.
The POP is comprised of a small number of scien-
tific personnel with broad subject-matter expertise.
The first face-to-face meeting of the group was

held in order to address any general user proposal

FY 2006

13%

3%
5%
2%

3%
29%

O Materials Sciences

B Geosciences and Ecology

O Applied Science and Engineering B Optical/Nuclear/General Physics
3 Unknown

B Chemical Sciences
M Life Sciences

Figure 2. NSLS users by field of research

FY 2006

14%

35%

ENY B Non-Northeast

O Northeast M Foreign

Figure 3. NSLS geographical user distribution

issues, such as appeals based on score differen-
tials resulting from the initial peer review. Work

is continuing to develop and streamline the role,
responsibilities, and reporting of the POP. Related
to this initiative was initial planning to adjust the
current guidelines for rating proposals in an at-
tempt to create a more efficient, more quantifiable
way of scoring.

User Satisfaction Survey

The Department of Energy requests that all users
complete a user satisfaction survey at the close of
each experimental run. At the NSLS, this is called
our End-of-Run survey. These surveys revealed
that more than half of the respondents would com-
municate their research results through publish-
ing in peer-reviewed open literature. About half
said they would present findings at a professional
society meeting, and three users indicated they

would acquire a patent. Additional benefits gained

according to feedback from most of our users

included:

e obtained access to unique facilities

e facilitated collaborative interactions (such
as stimulated new ideas for future experi
ments, increased multidisciplinary work, or
enabled a new approach)

e created an opportunity to train students (un
dergraduate through postdoctoral fellows)

The End-of-Run survey form was revised dur-

ing 2006, and is now available online. Changes
were made to limit the number of questions and
simplify the information gathered so that users
can complete the survey more quickly. Further
changes are planned to allow access for particular
beamline staff, through the PASS system, to view
the responses to the survey directly and as often
as they wish. Further, a tracking system will be
created so that users can view the issues brought
out through End-of-Run surveys, and what is be-
ing done to resolve the issues. It is anticipated
that this will ensure more timely feedback and/or
resolution for problems identified. The survey will
continue to remain anonymous, unless a user
wishes to provide an email address for an indi-
vidual follow-up response.

BNL Research Support Building

In 2006, plans were created to provide a more
convenient and simpler check-in process for the
users and guests of all facilities on the BNL site.
These plans included moving all users’ services
to the new Research Support Building. Located
on Brookhaven Avenue diagonally across from
Berkner Cafeteria, the Research Support Building
opened in October 2006 and currently provides
part of the envisioned “one-stop shopping” model
for visiting scientists and guests. The housing,
travel, rental car, and transportation offices as
well as the Ronkonkoma Train Station Shuttle and
Teachers Federal Credit Union are already func-
tioning in the new location.

Currently, NSLS users still need to check in at the
User Administration Office on the second floor of
the NSLS upon arrival at BNL. But in 2007, the
new Guests, Users, and Visitors’ (GUV) Center
will also open in the Research Support Building,
eliminating the need for NSLS users to visit two
buildings upon their arrival on site. When the new
GUV Center becomes operational, it will allow

all guests, visitors, and scientists (not including
contractors) to complete their physical check-in
process and fulfill other needs, such as picking up
a key for an on-site dorm room, in one location.
The hope is to provide weekday coverage from 7
a.m. to 7 p.m. with some later hours on weekdays
and Sundays to accommodate users and guests
who cannot arrive during normal working days and
hours. Once the GUV Center is open, NSLS users
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The User Administration Group (from left) Kathy Nasta,
Gretchen Cisco, Mercy Baez, and Liz Flynn

will be able to go there to complete the check-in
tasks that would normally be done at the NSLS
User Administration registration desk. After this
transition, the NSLS User Administration Office
will remain in place to pre-process registrations
prior to physical check-in, and for other user func-
tions as mentioned at the beginning of this article.

Meetings and Workshops

The User Administration office has taken a more
active role in the past year to help plan and orga-
nize major meetings and workshops at the NSLS,
such as the RapiData course held every April

and the Crystallization workshop, which is held

in June. Of course, our largest effort in this area
is the annual Users’ Meeting, which in May 2006,
was the first held jointly with BNL’s Center for
Functional Nanomaterials (CFN). Although there
are always improvements to be made, most of the
416 participants of the meeting were pleased with
the joining of the two user communities, the main
meeting and workshop programs, and logistical
arrangements. There were six workshops of-
fered: two concentrated on NSLS user interest,
two focused on CFN interest, and the remaining
two workshops were of interest to both commu-
nities. There were 34 vendors in exhibition and
47 posters displayed. New ideas brought out by
participants that we hope to implement for the
2007 meeting include holding workshops and/or
special times for NSLS/CFN technical staff to meet
with vendors for product discussions, and holding
a working luncheon to gather Proposal Review
Panel members.
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SAFETY REPORT

Andrew Ackerman
ESH&Q Manager

Organization and Mission

The NSLS Environment, Safety, Health, and
Quality Division is managed by Andrew Acker-
man and includes contributions from a mixture of
department and assigned Laboratory personnel.
The group includes nine professional staff, two ad-
ministrative assistants, and one technician whose
combined efforts amount to about seven full-time
equivalent positions. These personnel manage

the various ESH, Quality Assurance, and Training
issues presented by facility and experiment opera-
tions.

There is a continued emphasis on integration of
ESH&Q principles into all work at BNL and the
NSLS. Laboratory initiatives for 2006 included

a focus on electrical safety, implementation of
the DOE Integrated Safety Management (ISM)
principles, assurance of worker qualification, and
control of workplace injury. The NSLS ESH&Q Di-
vision is committed to advancing those programs
and managing the risks presented to personnel
and the environment in support of the depart-
ment’s scientific program.

2006 Activities

Everyone was busy in 2006 and there was consid-
erable ESH&Q activity throughout the department.
A few highlights pertinent to the user community
are as follows:

e The NSLS completed independent registra-
tion with the Occupational Health and Safety
Assessment Series (OHSAS) management
system, an important goal for the Laboratory.

Andrew Ackerman

e The definition of worker qualification through
training and experience was advanced, allow-
ing improved work planning and a better
understanding of worker skills.

e Configuration control and equipment identifi-
cation on the beamlines were improved with
better checklists, labeling, and photographs.

e Inspection of electrical equipment for com-
pliance with Nationally Recognized Testing
Laboratory (NRTL) requirements was imple-
mented for user equipment.

e Electrical safety and Lock Out/Tag Out (LOTO)
training requirements were redefined for
beamline staff, resulting in a lowered training
burden and the assignment of courses that
are most applicable to the work performed.

e Personnel lead exposure resulting from shield-
ing movement was well characterized and
shown to be low and controlled with existing
practices.

Several performance measures are tracked to
follow the effectiveness of the ESH&Q programs.
Performance in 2006 was excellent.

e There were no “Days Away, Restricted,
Transferred” (DART) cases during 2006 or
2005. That means no injuries or ilinesses
resulted in lost or restricted work time. There
were some minor injuries, but nothing
severe enough to require personnel to miss
time at the Laboratory. The significance of
this result is obvious to those who work at
the NSLS and is an important parameter as
these values are reported to and tracked
carefully by the DOE as a key indicator of
safety performance.

e There were two incidents that met the criteria
for reporting within the Occurrence Reporting
and Processing System (ORPS) — another
parameter tracked closely by the DOE. One
involved a chemical spill and the second a
mistake in cutting an electrically energized
wire. Neither resulted in injury or significant
environmental insult. Both were carefully
investigated and yielded some valuable
lessons that were disseminated throughout
the community.

e Training compliance was excellent and
improved from last year.

e Routine workplace inspections yielded
fewer findings per inspection and correction
time was short.

e Numerous internal and external audits
resulted in few findings, and the department
response was timely and organized.
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e \Waste generation continues to be low and
well managed. The department’s mercury
inventory has been significantly reduced
through the replacement of mercury switches
with solid-state devices and the elimination of
mercury thermometer use. That effort resulted
in some extra waste, but also virtually
eliminated the risk of a significant environ
mental mercury release and helped us meet
an important DOE initiative.

e Radiation exposure remains very low; the
measured collective dose this year was less
than 50 mRem for some 3,000 personnel who
were monitored.

There is more to report, but the summaries above
provide an overall picture of the department’s
activity and performance in ESH&Q for 2006. The
NSLS programs are acknowledged throughout the
Laboratory and by the DOE area office as excel-
lent and there is much reason for pride in staff
and user attention to safety and in keeping the fa-
cility a safe place to work. Good performance indi-
cators and well-managed programs are important,
but what is most important is that we completed
an enormous amount of science last year without
significant injuries or environmental insults.

2007 ESH&Q Initiatives

All that was completed last year must continue,
and we must seek to improve. A brief summary of
three important initiatives for 2007 is as follows:

Integrated Safety Management (ISM)

The DOE Integrated Safety Management program
is aimed at assuring that work is planned, risks
are controlled, and personnel are qualified. These
principles are well implemented at the NSLS.
Worker qualification is assured through train-

ing and experience, and all work at the facility is
planned with attention to scoping and evaluat-
ing tasks, identifying and implementing pertinent
controls, and providing feedback mechanisms for
improvement.

Evaluation of the program in 2006 confirmed that

overall implementation is good and that improve-

ment efforts should focus on enhancing feedback

mechanisms and personnel awareness to the ap-

plication of ISM. That has begun and will continue
into the next year with an emphasis on completing
“End of Run” forms to collect better feedback, and
with continued discussion of the ISM principles to
assure that everyone understands how they apply
to work at the NSLS.

10 CFR Part 851

“10 CFR Part 851” refers to a section in the
federal code rules that incorporates many ESH
standards into federal law applicable to the DOE.
The incorporated rules include OSHA require-
ments and various health and safety “consen-
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sus” standards that cover many topics including
electrical, fire, laser, pressure, chemical, biologi-
cal, and nano-material safety. Evaluation of this
new rule has begun. It has uncovered areas where
improvements can be made and will likely result in
requirement changes for the upcoming year.

Event and Issues Management

It is valuable to investigate and understand minor
occurrences and learn from them with the hope to
avoid a more significant event. That is the basis
for a renewed focus on event management and
emphasis on reporting all occurrences and inves-
tigating even those that are minor. Everyone is
asked to help identify issues and resolve concerns
before they become troublesome by reporting
unexpected occurrences to the NSLS Operations
staff. The approach of finding leading indicators to
more significant events will be emphasized next
year.

Summary

A continued focus on ESH&Q has obvious impor-
tance to everyone. 2006 was a great year and
everyone’s involvement and commitment to safety
is much appreciated. That success can continue in
2007 if we remain vigilant. There will be program
challenges as we seek to meet new requirements
and improve on the old. The ESH&Q Division will
work to assure that changes fit NSLS operations
and are well communicated. The focus for the
New Year will be, as always, safe science. Help us
achieve that by knowing requirements, continuing
to generate great science, and assuring that all
the work we do includes evaluation and control of
risks.



BUILDING ADMINISTRATION REPORT

Bob Kiss
NSLS Building Manager

Organization and Mission

The NSLS Building Manager, Bob Kiss, coor-
dinates the activities of BNL Plant Engineering
departments involved in operating and maintain-
ing the building to ensure that the integration and
execution of facility work is efficiently and effec-
tively managed and controlled, providing a safe,
comfortable and hazard free environment for the
NSLS staff and users. He is supported by Plant
Engineering Trades Staff Supervisors in the main-
tenance and housekeeping of the NSLS Complex.

The Mission of the Building Administration con-
sists of multiple disciplines:

e To maintain the housekeeping and ES&H of
the facilities in a showcase condition

e To ensure the general maintenance of all
building systems

e To oversee the construction and installation
of new equipment or facilities

e To ensure the maintenance and function of all
security systems

e To promote energy awareness and conserva-
tion

e To function as the Work Control Coordinator
for all building systems

e To comply with the Emergency Preparedness
Program

2006 Activities
Change of Building Managers

2006 has been more than a busy and positive
“business-as-usual” year for the NSLS. With the

Bob Kiss

NSLS-II project in the spotlight, the NSLS has
seen many changes in staff. Many of our valued
staff members are now doing double duty, continu-
ing to provide support to our current facility while
giving their expertise to the new and bright future
of the NSLS-II. Several buildings were acquired
for the NSLS-II to accommodate the transfer of
staff into a central, convenient location. Gerry Van
Derlaske has stepped up and become the Facility
Manager for the NSLS-Il and as such has played
a major role in setting up the new facilities. During
the past year, this had taken up the majority of
Gerry’s time, leaving the day-to-day care of the
NSLS to me, first as the Alternate Building Man-
ager and then as the permanent Building Manager
when Gerry officially became the NSLS-II Facility
Manager at the end of 2006. We thank Gerry for
his many years of leadership in this position and
wish him well.

Work Planning and Controls

With the emphasis on safety and work planning
by DOE and OSHA, the NSLS has become an
excellent example of Work Planning and Controls.
Al Boerner, the NSLS Work Control Manager, has
continued to ensure that all work is completed in
a safe and complete manner. Under Al's guidance,
the number of work permits for tasks completed
at the NSLS has grown to about 65 Work Permits
for 2006. These permits range in complexity from
a simple permit to ensure the safety of a contract
vendor repairing a copy machine, to a complex
permit coordinating the tasks of many BNL trades
and NSLS staff for the installation of RF Cavities.
With attention to safety, work planning and work
controls, we have maintained our safety record of
no lost workdays for more than three years.

Machine Shop Operations

Machine Shop Safety was an area that received
extensive attention during 2006. BNL issued a new
SBMS, detailing the updated requirements for the
training, safe operation, maintenance, and inspec-
tions of all machine shops. As the NSLS User
Machine Shop Manager, | was a member of the
SBMS review committee and was able to provide
NSLS Machine Shop Program policies for the
SBMS. This resulted in the review and changes of
the training requirements for anyone authorized to
use the NSLS User Machine Shop and the NSLS
Tech Shops. Major changes include required peri-
odic retraining and review of all authorized users,
monthly and yearly inspections of the shop by the
shop manager, and restricting access to all ma-
chines to only those individuals fully trained for the
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particular machine. The NSLS User Machine Shop
was referred to as a prime example of a well-run
and maintained facility. This past year has seen a
change in management of the User Machine Shop.
Since becoming a member of the NSLS in 2000,

| had been the Shop Manager. With the many
staffing changes at the NSLS, the responsibility

of the NSLS User Machine has now been turned
over to Dennis Carlson. Dennis has many years of
machine shop experience, having been a member
of the NSLS Beamline Development and Support
group for many years. His experience and knowl-
edge of the workings of the NSLS beamlines is a
very valuable asset for the users of the machine
shop.

High Sensitivity Smoke Detector (HSSD)

In early 2006, at the end of last year’s winter
maintenance period, the new HSSD was fine-
tuned and tested. Having met and passed all the
expected requirements and tests, the system was
placed into full service. The testing of the system
included simulation of various possible mainte-
nance tasks that may trigger the alarms. These
tasks included the bake-out of a cavity, soldering
of large pipes, and the idling of a truck outside
the area roll-up door. The system consists of a
system of special PVC piping and nozzles located
directly above the critical equipment in the NSLS
power supply area. It is a continuous sampling
system that pulls air samples through the nozzles
and piping to a computer analyzer, providing early
detection of any smoke or fire in the area well be-
fore it becomes a major issue. This early detection
provides the operations coordinators with valuable
extra time to investigate and shut down any equip-
ment necessary to prevent a major incident.

X9-X3 Transfer

The x-ray experimental floor received a major
change with groups working together to “Green
Field” the X3 beamline in 2005. With that portion
of the project completed, the next phase of the
project was to modify and relocate the X9 experi-
mental end station enclosure (EESE) to X3. This
was a major undertaking since the original EESE
was too tall to fit at X3. The lead-lined panels
were transported to the Central Fabrication Facil-
ity to be modified and then transported back and
re-assembled in place at the X3 beamline. All the
X9 beamline components were painstakingly re-
moved and re-assembled at the new X3 location.

Green Field of X9

With the completion of the X9 to X3 beamline,
preparations for the new X9 beamline were begun.
The most visible aspect of this task was to “Green
Field” the area beginning with the removal and
disposal of the old EESE. With the help of Plant
Engineering Carpenter and Riggers, and thorough
work planning using the BNL Work Permit pro-
gram, the removal of the EESE was completed
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quickly and safely. Once the EESE was removed,
work continued to remove all remaining excess
equipment, clean, and make necessary repairs to
the floor to prepare for the planning and installa-
tion of the new line later this year.

Library Renovations

After many years of use, the NSLS Chasman-
Green Library was remodeled. With the assistance
of Plant Engineering, the old carpet and platform
was removed and new carpets installed. New ceil-
ing tiles were installed and the walls received a
fresh coat of paint. Bookcases were rearranged,
excess file cabinets removed, old periodicals were

The renovated Green-Chasman Library

scanned to computer files, and many volumes of
reference books were placed into storage until the
renovations were complete.

In 2007, the reference books will be sorted and ar-
ranged for easy access and plans for new furniture
will be finalized. Plans also include the installation
of a retractable projection screen in the ceiling to
allow the library to be used as a conference room.
A small area will be set up and equipped with a
computer station, and a fax/copy machine for use
by visiting users. These renovations will result in

a warm, quiet, and friendly atmosphere to gather
and relax or just get away from the busy life of
running an experiment.

Behind-the-Scenes Accomplishments

Many times during the year there are tasks and
jobs completed that go unnoticed by the majority
of staff and users. Most times these are tasks that
do not affect the everyday workings of the NSLS,
but once completed, they make life a little safer
or comfortable for everyone. Most of these do

not take much effort on the part of the NSLS, but
require much coordination between building man-
agement, Plant Engineering, contractors and other
BNL departments. Some of this year’s behind-the-
scenes accomplishments include for following:

e Parking lots outside the east side of the build-



ing were cleaned, repaired, and painted.

e Aramp was installed outside the east roll-
up door entrance to eliminate the curb to the
bicycle rack storage area. This also allows an
electric vehicle to be parked under the over
hang and charged overnight. This was com-
pleted with funding from the BNL Safety
Solutions (S2) project.

e The NSLS User Administration Office, along
with several other offices and the Chasman-
Green Library received new carpets.

e The LEGS Helium trailer was removed to
create space for an LN2 to N2 heat
exchanger. Removal of the trailer eliminated
the need to install another concrete pad to the
system.

e The XLS trailer was emptied and disconnect-
ed in preparation for removal.

Conclusion

Year after year, thousands of people come to

the NSLS, some to use the facility for research,
some to attend research conferences and training
courses, and others to tour our facility just to find
out “what do they do there.” Whoever they are, no
matter where they come from, it is wonderful to
know that they leave with a better understanding
and appreciation of science. A large part of their
appreciation must go to the talented support staff
that keeps the NSLS facility up and running, and
showcases the research community.
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FACILITY FACTS & FIGURES

The National Synchrotron Light Source (NSLS) is a national user research facility funded by the U.S.
Department of Energy’s Office of Basic Energy Science. The NSLS operates two electron storage rings: an
x-ray ring (2.8 GeV, 300 mA) and a vacuum ultraviolet (VUV) ring (800 meV, 1.0 A), which provide intense

light spanning the electromagnet spectrum from the infrared through x-rays. The properties of this light, and

the specially designed experimental stations, called beamlines, allow scientists in many fields of research

to perform experiments not otherwise possible at their own laboratories.

Over 2,100 scientists representing almost 400 institutions, 47 of them corporations, come to Brookhaven

National Laboratory annually to conduct research at the NSLS. The facility operates seven days a week, 24

hours a day throughout the year, except during periods of maintenance and studies.

As a national user facility, the NSLS does not charge for its beamtime, provided that the research results
are published in the open literature. Proprietary research is conducted on a full cost recovery basis. The
primary way to obtain beamtime at the NSLS is through the General User program. General Users are

independent investigators interested in using the NSLS for their research. Access is gained through a peer-

reviewed proposal system.

The NSLS currently has 51 x-ray and 14 VUV-IR operational beamlines available to users for performing
a wide range of experiments. There are two types of beamlines at the NSLS: Facility Beamlines (FBs) and

Participating Research Team (PRT) beamlines. In 2006, the NSLS had 18 FBs and 47 PRT beamlines. FBs

are operated by the NSLS and reserve at least 50% of their beamtime for General Users. Some FBs host
contributing users (CUs), who enhance the endstation capabilities and provide specialized user support.

PRT beamlines are operated by user groups with related interests from one or more institutions. PRT beam-

lines reserve 25% of their beamtime for General Users. Membership in a PRT or CU program is open to all
members of the scientific community who can contribute significantly to the program of the beamline, (i.e.,
funding, contribution of equipment, scientific program, design and engineering, operations manpower, etc).

The following pages list the operational beamlines at the NSLS and their unique characteristics.

BEAMLINE GUIDE ABBREVIATIONS

ARPES
UV PHOTOELECTRON SPECTROSCOPY,
ANGLE-RESOLVED

DAFS
X-RAY DIFFRACTION ANOMALOUS FINE
STRUCTURE

DEI
DIFFRACTION-ENHANGED IMAGING

EXAFS
X-RAY ABSORPTION SPECTROSGOPY,
EXTENDED FINE STRUGTURE

GISAXS
GRAZING INCIDENCE SMALL ANGLE X-RAY
SCATTERING

HARMST
HIGH ASPECT RATIO MICROSYSTEMS
TECHNOLOGY

IRMS
INFRARED MICROSPECTROSCOPY

MAD
MuLTI-WAVELENGTH ANOMOLOUS DISPER-
SION

MCD
MAGNETIC GIRCULAR DICHROISM

NEXAFS
NEAR EDGE X-RAY ABSORPTION
SPECTROSCOPY

PEEM
PHOTO EMISSION ELECTRON MICROSCOPY

SAXS
SMALL ANGLE X-RAY SCATTERING

STXM
SCANNING TRANSMISSION X-RAY
MICROSCOPY

UPS
UV PHOTOELECTRON SPECTROSCOPY

UV-CD
ULTRAVIOLET CIRCULAR DICHROISM

WAXD
WIDE-ANGLE X-RAY DIFFRACTION

WAXS
WIDE-ANGLE X-RAY SCATTERING

XAS
X-RAY ABSORPTION SPECTROSCOPY

XPS
X-RAY PHOTOELECTRON
SPECTROSCOPY

XRD
X-RAY DIFFRACTION

XswW
X-RAY DIFFRACTION, STANDING WAVES
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VUV=IR BEAMLINES

Beamline Source

U1A

U2A

u2B

u3c

U4A

U4B

U5UA

U7A

uoB

u10B

u11

U12A

U12IR

Bend

Bend

Bend

Bend

Bend

Bend

Insertion
Device

Bend

Bend

Bend

Bend

Bend

Bend

Technique

XAS
EXAFS
NEXAFS

IRMS

High Pressure Research

IR spectroscopy

IRMS
IR spectroscopy

Metrology

UPS

X-ray scattering, resonant

MCD
upPs

X-ray fluorescence spectroscopy

XPS

ARPES

UPS, spin-resolved

PEEM

NEXAFS
XPS

UV-CD

UV florescence spectroscopy

IRMS

UV-CD

XAS
XPS

IR spectroscopy

THz / mm wave spectroscopy
Time-resolved spectroscopy

Energy Range

270-900 eV

30-8000 cm-1

50-4000 cm-1

50-1000 eV

10-250 eV

20-1200 eV

15-150 eV

180-1200 eV

0.8-8.0eV

500-4000 cm-1

3-10 eV

100-800 eV

6-600 cm-1

5-4

Type

PRT

FB

PRT

PRT

PRT

PRT

FB

PRT

PRT

FB

PRT

PRT

FB

Organization

ExxonMobil Research and Engineering Co.

BNL-NSLS
Carnegie Institution of Washington
COMPRES

Case Western Reserve University

Bechtel Nevada

Lawrence Livermore National Laboratory
Los Alamos National Laboratory

Sandia National Laboratory

Army Research Laboratory
North Carolina State University
Rutgers University

University of North Carolina

Montana State University
Northeastern University

BNL-CFN

BNL-Chemistry

Dow Chemical Company
NIST

University of Michigan

BNL-Biology

BNL-NSLS

BNL-Biology

Oak Ridge National Laboratory

BNL-NSLS



Beamline Source

U13uUB

Insertion
Device

Technique

UPS
ARPES

X=RAY BEAMLINES

X1A1

X1A2

X1B

X3A

X3B

X4A

X4C

Insertion
Device

Insertion
Device

Insertion
Device

Bend

Bend

Bend

Bend

Bend

STXM

STXM

X-ray scattering, coherent

XAS

X-ray fluorescence spectroscopy
XPS

X-ray microtomography

MAD

Macromolecular crystallography

XAS

EXAFS

MAD
Macromolecular crystallography

MAD
Macromolecular crystallography

Energy Range

3-30 eV

0.25-0.50 keV

0.25-1 keV

0.2-1.6 keV

8-35 keV

5-15 keV

5-15 keV

3.5-20 keV

7-20 keV

Type Organization

PRT

PRT

PRT

PRT

PRT

PRT

PRT

PRT

PRT

Boston College
Boston University
BNL-Physics
Columbia University

BNL-Environmental Science

ExxonMobil Research and Engineering Co.
SUNY @ Plattsburgh

Stony Brook University

University of Texas @ Houston

Stony Brook University

Boston University
Thomas Jefferson National Accelerator Facility
University of lllinois

ExxonMobil Research and Engineering Co.

Albert Einstein College of Medicine
Case Western Reserve University
Rockefeller University
Sloan-Kettering Institute

Case Western Reserve University

Albert Einstein College of Medicine
City University of New York (CUNY)
Columbia University

Cornell University

Mount Sinai School of Medicine
New York Structural Biology Center
New York University

SUNY @ Buffalo

Sloan-Kettering Institute
Wadsworth Center

Albert Einstein College of Medicine
City University of New York (CUNY)
Columbia University

Cornell University

Mount Sinai School of Medicine
New York Structural Biology Center
New York University

Rockefeller University

SUNY @ Buffalo

Sloan-Kettering Institute
Wadsworth Center




Beamline Source Technique Energy Range Type Organization

X5A Bend Laser backscattering 150-420 MeV PRT  BNL-Physics
Forschungszentrum Juelich (KFA)
James Madison University
Norfolk State University
Ohio University
University of Rome I
University of South Carolina
University of Virginia
Virginia Polytechnic Inst. and State University

X6A Bend MAD 6.0-23 keV FB BNL-NSLS
Macromolecular crystallography

X6B Bend XRD, surface 6.5-19 keV FB BNL-CFN
WAXD BNL-NSLS
X-ray reflectivity
SAXS
GISAXS

X7B Bend XRD, single crystal 5-21 keV PRT  BNL-Chemistry
XRD, time resolved General Electric
WAXD
WAXS

X8A Bend Metrology 1.0-5.9 keV PRT  Bechtel Nevada

Lawrence Livermore National Laboratory
Los Alamos National Laboratory
Sandia National Laboratory

X8C Bend MAD 5-19 keV PRT  Biogen Incorporated
Macromolecular crystallography Biotechnology Research Institute
Hoffmann-La Roche
National Institutes of Health

X10A Bend XRD, powder 8-11 keV PRT  ExxonMobil Research and Engineering Co.
WAXD
SAXS
WAXS

X10B Bend XRD, powder 14 keV PRT  ExxonMobil Research and Engineering Co.
XRD, surface
WAXD
X-ray reflectivity
X-ray scattering, surface

WAXS
X10C Bend XAS 4-24 keV PRT  ExxonMobil Research and Engineering Co.
EXAFS
NEXAFS
X11A Bend DAFS 4.5-35 keV PRT  BNL-Material Science
XAS BNL-Environmental Science
EXAFS Canadian Light Source
NEXAFS ETH Labs - Zuerich

Natural Resources Canada

Naval Research Laboratory (NRL)
Naval Surface Warfare Center
New Jersey Institute of Technology
North Carolina State University
Stony Brook University

Sarah Lawrence College
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Beamline Source

X11B

X12B

X12C

X13A

X13B

X14A

X15A

X15B

X16C

X17B1

X17B2

X17B3

Bend

Bend

Bend

Insertion
Device

Insertion
Device

Bend

Bend

Bend

Bend

Insertion
Device

Insertion
Device

Insertion
Device

Technique Energy Range
XAS 5.0-23 keV
EXAFS

NEXAFS

MAD 5-20 keV

Macromolecular crystallography

MAD 5.5-20.0 keV
Macromolecular crystallography

X-ray scattering, resonant 0.2-1.6 keV
MCD

Microdiffraction Imaging 4-16 KeV
MAD 5-26 keV
XRD, powder

XRD, single crystal
XRD, time resolved
WAXD

X-ray reflectivity

XSW 3-25 keV XSW
DEI 10-60 keV DEI
XAS 0.8-15 keV
EXAFS

NEXAFS

XRD, powder 4.5-25 keV
XRD, powder 55-80 keV mono

20-150 keV white

XRD, powder 20-130 keV
XRD, time resolved
High pressure research

XRD, powder 5-80 keV
XRD, single crystal
High pressure research

Type

PRT

PRT

PRT

FB

FB

PRT

FB

PRT

PRT

FB

FB

FB

Organization

BNL-Environmental Science
BNL-Material Science

Canadian Light Source

ETH Labs - Zuerich

Natural Resources Canada

Naval Research Laboratory (NRL)
Naval Surface Warfare Center
New Jersey Institute of Technology
North Carolina State University
Stony Brook University

Sarah Lawrence College

BNL-Biology

BNL-Biology

BNL-NSLS

BNL-NSLS
BNL-CFN

Columbia University
IBM

Oak Ridge National Laboratory
Tennessee Technological University
University of Tennessee

BNL-NSLS
Northwestern University

BNL-Environmental Science
Lucent Technologies, Inc.
Stony Brook University
Temple University
University of Texas @ Austin

Stony Brook University

BNL-NSLS
Rutgers University

BNL-NSLS
COMPRES
Stony Brook University

BNL-NSLS
COMPRES
University of Chicago




Beamline

X17C

X18A

X18B

X19A

X19C

X20A

X20C

X21

X22A

Source

Insertion
Device

Bend

Bend

Bend

Bend

Bend

Bend

Insertion
Device

Bend

Technique Energy Range

XRD, powder 5-80 keV
XRD, single crystal

High pressure research

XRD, powder 4-19 keV
XRD, single crystal

XRD, surface

WAXD

X-ray reflectivity

X-ray scattering, surface

WAXS

XAS
EXAFS
NEXAFS

4.8-40 keV

X-ray scattering, resonant 2.1-17 keV
XAS
EXAFS

NEXAFS

XRD, surface

X-ray topography

X-ray reflectivity

X-ray scattering, liquid
X-ray scattering, surface

6-17 keV

XRD, single crystal 4.5-13 keV
Microdiffraction Imaging
X-ray reflectivity

X-ray scattering, surface

XRD, single crystal 4-11 keV
XRD, surface

XRD, time resolved

X-ray reflectivity

X-ray scattering, surface

XRD, single crystal 5-15 keV
XRD, surface

X-ray scattering, magnetic

X-ray scattering, resonant

X-ray scattering, surface

SAXS

10.7 keV
32 keV

XRD, single crystal
XRD, surface

WAXD

X-ray reflectivity

X-ray scattering, surface
WAXS
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Type

FB

PRT

FB

FB

PRT

PRT

PRT

FB

PRT

Organization

COMPRES
University of Chicago

BNL-Chemistry

Indiana University @ Bloomington
Pennsylvania State University
Purdue University

Stony Brook University

University of Missouri @ Columbia

BNL-Chemistry
BNL-Electrochemistry
BNL-NSLS

ORNL

University of Delaware
UOP LLC

Yeshiva University

BNL-Chemistry
BNL-Electrochemistry
BNL-NSLS

ORNL

University of Delaware
UOP LLC

Yeshiva University

Arizona State University

Fairfield Crystal Technology, LLC
Kansas State University

Kyushu University

SUNY @ Albany

Stony Brook University
University of lllinois @ Chicago

IBM Research Division

IBM Research Division

BNL-NSLS
Boston University
University of Vermont

BNL-CMPMSD
BNL-Chemistry



Beamline Source

X22B

X22C

X23A2

X23B

X24A

X24C

X26A

X26C

X27A

X27B

X27C

Bend

Bend

Bend

Bend

Bend

Bend

Insertion
Device

Bend

Bend

Bend

Bend

Bend

Technique

X-ray scattering, liquid
X-ray scattering, surface

XRD, single crystal

XRD, surface

X-ray reflectivity

X-ray scattering, magnetic
X-ray scattering, surface

XRD, powder
DAFS

XAS

EXAFS
NEXAFS

XRD, powder
XAS

EXAFS
NEXAFS

XSW

Auger spectroscopy

EXAFS

X-ray fluorescence spectroscopy
XPS

X-ray reflectivity

UV photoabsorption spectroscopy
UPS

XAS

MAD
Macromolecular crystallography

Microdiffraction Imaging
X-ray microprobe

MAD
Macromolecular crystallography

X-ray microprobe

HARMST

XRD, time resolved
WAXD
SAXS
WAXS

Energy Range

6.5-10 keV

3-12 keV

4.7-30 keV

4-10.5 keV

1.8-5 keV

0.006-1.8 keV

3-28 keV

3-30 keV

5-20 keV

4.5-20 keV

8-40 keV

9 KeV

Type

PRT

PRT

PRT

PRT

PRT

PRT

FB

PRT

PRT

FB

PRT

PRT

Organization

Bar-llan University
BNL-CMPMSD
BNL-CFN

Harvard University

BNL-CMPMSD
Massachusetts Institute of Technology
Rutgers University

NIST

Hunter College

Montana State University

Naval Research Laboratory (NRL)
New Jersey Institute of Technology
Sarah Lawrence College

NIST

Naval Research Laboratory (NRL)
Universities Space Research Association

BNL-Biology
BNL-NSLS

BNL-Environmental Science
University of Chicago
University of Georgia

BNL-Biology
Cold Spring Harbor Laboratory
Stony Brook University

BNL-Environmental Science
BNL-NSLS
Stony Brook University

BNL-Nonproliferation & National Security

Air Force Research Laboratory
Dow Chemical Company
National Institutes of Health
Naval Surface Warfare Center
Stony Brook University




Beamline Source Technique Energy Range Type Organization

X28C Bend X-ray footprinting White Beam PRT Case Western Reserve University
X29A Insertion MAD 6-15keV PRT  BNL-Biology
Device Macromolecular crystallography Case Western Reserve University
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NSLS LINAC PARAMETERS AS OF DECEMBER 2006

Injection Energy 100 keV
Final Energy 120 MeV
Number of Sections 3
Number of Klystrons 3
Frequency 2856 MHz
NSLS BOOSTER PARAMETERS
Booster Injection Energy 120 MeV
Booster Extraction Energy 736 MeV
Circumference 28.35m
Number of Superperiods 4
Dipole Bend Radius 1.91m
Nominal Horizontal Tune 242
Nominal Vertical Tune 1.37
Maximum Horizontal Beta Function 8.63 m
Minimum Horizontal Beta Function 1.01m
Maximum Vertical Beta Function 526 m
Minimum Vertical Beta Function 1.73m
Maximum Dispersion Function 121 m
Minimum Dispersion Function 0.41m
Momentum Compaction 0.106
RF Frequency 52.88 MHz
RF Peak Voltage 25 kV
Momentum Acceptance +0.0025
BOOSTER MAGNETIC ELEMENTS (FIELDS AT 750 MEV)
Name Type Quantity B (kG) B’ (kG/m) B” (kG/m) Effective Length (m)
BB Dipole 8 13.099 -7.97 -125 1.5
Q1 Quadrupole 4 68.82 0.3
Q2 Quadrupole 4 93.60 0.3
SF Sextupole 4 1223.7 0.2
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VUV STORAGE RING PARAMETERS AS OF DECEMBER 2006

Stored Electron Beam Energy

Injected Current

Lifetime @ 200 mA unstretched (stretched)
Circumference

PHOTON CRITICAL WAVELENGTH (ENERGY)
Dipole Source 1.41 T A (E)

0.808 GeV

1.0 amp (1.06 x 10'%e-)
~6 (9.8) hr

51.0 meters

19.9 A (622 V)

LATTICE STRUCTURE (CHASMAN-GREEN) SEPARATED FUNCTION, QUAD DOUBLETS

Number of Superperiods (N,)
Magnet Complement

STORAGE RING CHARACTERISTICS
Number of Dipole Ports
Number of Insertion Device Straight Sections
Maximum Length of Insertion Devices
Radiated Power
Power per Horizontal Milliradian (@ 1A)
RF Frequency (f.)
B(p)
Electron Orbital Period
Number of RF Buckets
Typical Bunch Mode
Damping Times
Nominal Tunes (vx,vy)
Momentum Compaction
RF Peak Voltage with 52 MHz (with 211 MHz) (V)
Design RF Power with 52 MHz (with 211 MHz)
Synchrotron Tune (v,)
Natural Energy Spread (o _/E)
Bunch Length (2c)
(20 with 211 MHZ Bunch Lengthening)
Horizontal Damped Emittance (g )
Vertical Damped Emittance (sy)

ARC SOURCE PARAMETERS

4
8 Bending Magnets (1.5 meters each)
{ 24 Quadrupole (0.3 meters each)
12 Sextupoleintwo families (0.2 meterseach)

18

2

2.25 meters

20.4 kW/amp of beam
3.2W

52.887 MHz

1.41 Tesla (1.91 meters)
170.2 nanoseconds

9

7

1,=1,= 13 msec; 1, = 7 msec
3.14,1.26

0.0235

80 kV (20 kV)

50 kW (10 kW)

0.0018

5.0 x 10" (I,< 20 mA)
10 cm (I,< 20 mA)

38 cm

1.60 nm-rad

> 0.35 nm-rad (4nm-rad in normal ops.)*

Betatron Function (ﬁx,By)
Dispersion Function (n ')
o, =-p /2

Yy =(1 402 )IB,,

Source Size (Gx,cy)

Source Divergence (o'x,o'y)

INSERTION DEVICE PARAMETERS
Betatron Function (Bx,By)
Source Size (cx,cy)
Source Divergence (c', G'y)

1.18t02.25m, 10.26 to 14.21 m

0.500 to 0.062 m, 0.743 to 0.093 m

-0.046 to 1.087, 3.18 to -0.96

0.738 t0 0.970 m™, 1.083 to 0.135 m""

536 to 568 um, >60 to >70 ym (170-200 um in normal ops.)*
686 to 373 prad, 19.5 to 6.9 prad (55-20 prad in normal ops.)*

11.1m, 584 m
1240 pym, >45 pm (220 ym in normal ops.)*
112 yrad, >7.7 prad (22 prad in normal ops.)*

* g is adjustable
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X=RAY STORAGE RING PARAMETERS AS OF DECEMBER 2006

Stored Electron Beam Energy
Maximum Operating Current
Lifetime
Circumference
PHOTON CRITICAL WAVELENGTH (ENERGY)
A (E)136T
L (E)at 5.0T (W)

2.800 GeV
300 mA

~20 hours
170.08 meters

1.75 A (7.1 keV)
0.48 A (26.1 keV)

LATTICE STRUCTURE (CHASMAN-GREEN) SEPARATED FUNCTION, QUAD TRIPLETS

Number of Superperiods

Magnet Complement

STORAGE RING CHARACTERISTICS
Number Beam Port on Dipoles
Number of Insertion Device Straight Sections
Maximum Length of Insertion Devices
Dipole Bend Radius
Radiated Bending Magnet Power (1=0.25A)
Electron Orbital Period
B(p)
Damping Times
Nominal Tunes (vx,vy)
Momentum Compaction
RF Frequency (f)
Radiated Power for Bending Magnets
RF Peak Voltage
Design RF Power
Synchrotron Tune (v,)
Natural Energy Spread (cE/E)
Natural Bunch Length (2c)
Number of RF Buckets
Typical Bunch Mode (filled buckets)
Horizontal Damped Emittance (e )
Vertical Damped Emittance (&)
Power per Horizontal Milliradian (0.3A)

ARC SOURCE PARAMETERS

8
16 Bending (2.70 meters each)
40 Quadrupole (0.45 meters each)
16 Quadrupole (0.80 meters each)
32 Sextupole (0.20 meters each)

30

6

< 4.50 meters
6.875 meters

198 kW

567.2 nanoseconds
1.36 Tesla (6.875 meters)
=1, 4 msec; 1 = 2 msec
9.8,5.7

4103

52.88 MHz

237 kW (300 mA)
1120 kV

450 kW

0.0023

9.2 x10*

87 mm

30

25

6.2 x 108 m-rad

3.4 x 10" m-rad

38 W

Betatron Function (B,.B,)
Dispersion Function (n,_n')
o, = -p’ X’y/2

Yy =(1 402, B,

Source Size (c,,0,)

Source Divergence (c,',6,’)
y

INSERTION DEVICE PARAMETERS
Betatron Function (B,, B,)
Source Size (Gx,cy)
Source Divergence (¢, o)

1.0t03.5m, 11.4t023.6 m

0.03 to 0.25, -0.25 to 0.08

0.38to0 1.65,-2.3t0 3.6

1.073 to 1.133 m”, 0.54 to 0.58 m""'
260 to 464 ym, 62 to 90 ym

261 to 352 prad, 13.5 to 14.1 prad

1.16 m, 0.33 m
307 uym, 11 um
231 prad, 32 prad
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CALENDAR YEAR 2006 NSLS MACHINE ACTIVITIES

CALENDAR YEAR 2006

Scheduled Operations

Unscheduled Operations

Maintenance

BL/EDE

Other
Other Activities
Studies 1.0% 4.4%
Comm/Cond. 2.5% 5.7%
Holiday 2.4% 2.4%
Injection 1.1% 2.1%
Unscheduled Downtime 21% 3.4%
Interlock 0.0% 0.6%

January 419 98.4% 118.0% 0 - -
February 570 98.6% 108.4% 372 91.8% 100.9%
March 615 99.2% 111.9% 588 98.1% 106.8%
April 597 99.4% 1M11.1% 557 94.9% 105.9%
May 420 99.8% 121.7% 275 96.7% 106.1%
June 596 98.3% 110.9% 555 89.6% 98.1%
July 467 86.9% 109.6% 428 95.6% 116.5%
August 613 98.5% 111.2% 565 93.8% 106.5%
September 599 90.8% 101.9% 577 86.4% -
October 571 98.9% 114.4% 563 96.5% 108.1% Note: Delivered hours are only
those accumulated during
November 470 96.6% 105.3% 382 97.3% 103.5% scheduled operations.
December 0 ) } 0 ) ) Unscheduled operations do not
contribute to this total.
5937 4862
Calendar 2006 " Operations during scheduled time
Deli d o o o o 2 Operations compared to total
elivere 5756 97.0% 110.9% 4562 93.8% 104.9% scheduled time
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PUBLICATIONS

The following pages list all papers published in the 2006 calendar year as reported to the NSLS by Febru-
ary 28, 2007. Citations are listed in order of beamline number and then alphabetically by the last name of
the first author. This list contains reported citations for journal articles, published conference proceedings,
books, chapters in books, formal reports, informal reports, technical reports, theses, dissertations, and
patents. For citation submissions where research was performed on more than one beamline, the citation is

listed under each beamline. However, each citation was only counted once.

The first column in the table lists
the number of publications reported
to the NSLS during the 2006 fiscal
year (Oct. 1, 2005 — Sept. 30, 2006)
and published between 2003 and
2006. Although some of these publi-
cations were published earlier than
FY 2006, they were not reported

to the NSLS until this fiscal year.
Thus, they have not been counted
in prior years’ activity reports.

The second column in the table
lists the number of publications
published in the 2006 calendar year
and reported to the NSLS as of
February 28, 2007. These numbers
are slightly lower than the fiscal
year values because they contain
only publications from 2006 and it
often takes many months or years
to account for user and staff publi-
cations.

Several types of journal articles are
reported in this list, including pre-
mier journals, peer-reviewed jour-
nals, and a few that are not peer-re-
viewed. A publication is considered
premier if the journal has an impact
factor of 6 or greater (from Journal

Journals, peer-reviewed, premier
Journals, other peer-reviewed
Journals, non peer-reviewed

Total Journals and Magazines

Books/Chapters in Books

Published Conference Proceedings
Reports: Technical, Formal, Informal
Theses/Dissertations

Patents

Total Misc. Publications

Total Publications

NSLS VUV User Publications
NSLS X-Ray User Publications

NSLS Staff Publications

Reported in Published in
Fiscal Year Calendar Year
2006" 2006~
228 199
532 489
33 28
793 716
4 4
79 40
1 0
33 25
11 1
128 70
921 786
87 67
734 627
100 92
921 786

“ Publications reported to the NSLS from Oct 1, 2005 — Sept. 30, 2006 and published

between 2003 — 2006.

“ Publications published in 2006 as reported to the NSLS by Feb. 28, 2007.

Citation Report 2003, Thomson Institute for Scientific Information). These journals represent approximately

the top 3% of all journals.

For calendar years 2003-2006, the NSLS users and staff published in 40 premier journals. These premier
journals are: Accounts of Chemical Research, Advanced Materials, Angewandte Chemie, Annual Review of
Biophysics and Biomolecular Structure, Annual Review of Genomics and Human Genetics, Applied Phys-
ics Letters, Cancer Cell, Cell, Chemical Reviews, Chemistry and Biology, Current Biology, Current Opin-
ion in Chemical Biology, Current Opinion in Structural Biology, EMBO Journal, Faseb Journal, Genes and
Development, Genome Research, Human Molecular Genetics, Immunity, Journal of Biological Chemistry,
Journal of Experimental Medicine, Journal of Immunology, Journal of Neuroscience, Journal of the Ameri-
can Chemical Society, Molecular and Cellular Biology, Molecular and Cellular Proteomics, Molecular Cell,
Nano Letters, Nature, Nature Immunology, Nature Materials, Nature Structural & Molecular Biology, Neuron,
Nucleic Acids Research, Physical Review Letters, PNAS, Reports on Progress in Physics, Science, Struc-
ture, Trends in Biochemical Sciences, and Trends in Neurosciences. Two additional journals are included
in the premier list, Applied Physics Letters (impact factor 4.0) and Environmental Sciences and Technology
(impact factor 3.6), because these journals represent the “best in class” for the NSLS industrial and envi-

ronmental science users, even though their impact factors are less than 6.

In FY 2006, NSLS users and staff had 921 publications — a record high for the facility. Moreover, 228
papers were published in premier journals, representing 25% of the total publications from the facility, and
demonstrating the high impact of NSLS science.
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NSLS USERS
Beamline U1A

S Buzby, M Barakat, H Lin, C Ni, S Rykov, J Chen, S
Shah, Visible Light Photocatalysis with Nitrogen-
Doped Titanium Dioxide Nanoparticles Prepared by
Plasma Assisted Chemical Vapor Deposition, J. Vac.
Sci. Technol., B, 24 (3), 1210 (2006).

G Liu, K Rider, W Nam, S Fonash, S Kim, Dendritic
Aggregation of Oligothiophene During Desorption
of 2,5-Diiodothiophene Multilayer and Topography-
Induced Alignment of Oligothiophene Nanofibers, J.
Phys. Chem. B, 110, 20197-20201 (2006).

M Smith, R Lobo, The Local and Surface Structure
of Ordered Mesoporous Carbons from Nitrogen
Sorption, NEXAFS and Synchrotron Radiation
Studies, Microporous Mesoporous Mater., 92 (1-3),
81-93 (2006).

Beamline U2A

J Ciezak, T Jenkins, Z Liu, R Hemley, High Pressure
Vibrational Spectroscopy of Energetic Materials:
Hexahydro-1,3,5-trinitro-1,3,5-triazine, J. Phys. Chem.
A, 59-63, 5 (2006).

L Dobrzhinetskaya, Z Liu, P Cartigny, J Zhang, D
Tchkhetia, R Hemley, H Green, Synchrotron infrared
and Raman spectroscopy of microdiamonds from
Erzgebirge, Germany, Earth Planet Sci. Lett., 248,
325-334 (2006).

S Ho, C Yan, Z Liu, H Mao, R Hemley, Prospects for
Large Single Crystal CVD Diamonds, /nd. Diamond
Rev., 66, 28-32 (2006).

G lezzi, Z Liu, G Ventura, Synchrotron Infrared
SpectroscopyofSyntheticNa(NaMg)Mg5Si8022(0H)2
up to 30 GPa: Insight on a New High-Pressure
Amphibole Polymorph, Am. Mineral., 91, 479-482
(2006).

D Klug, J Tse, Z Liu, R Hemley, Hydrogen-bond Dynamics
and Fermi Resonance in High-pressure Methane
Filled Ice, Chem. Phys., 125, 154509 (2006).

J Smedley, | Ben-Zvi, A Burrill, X Chang, J Grimes,
T Rao, Z Segalov, Q Wu, Electron Amplification in
Diamond, 2006 Workshop on Advanced Accelerator
Concepts (AAC06), Vol 887, p. 672-4, sponsored by
Argonne National Laboratory (2006).

H Zhang, B Chen, B Gilbert, J Banfield, Kinetically
Controlled Formation of a Novel Nanoparticulate ZnS
with Mixed Cubic and Hexagonal Stacking, J Mater.
Chem., 16 (3), 249-254 (2006).

Beamline U2B

K Jones, H Feng, E Stern, U Neuhausler, J Osan, N
Marinkovic, Z Song, Properties of New York/New
Jersey Harbor Sediments, Acta Phys. Pol. A, 109 (3),
279-286 (2006).

J Smedley, | Ben-Zvi, A Burrill, X Chang, J Grimes,
T Rao, Z Segalov, Q Wu, Electron Amplification in
Diamond, 2006 Workshop on Advanced Accelerator
Concepts (AACO06), Vol 887, p. 672-4, sponsored by
Argonne National Laboratory (2006).
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P Yu, An Emerging Method for Rapid Characterization
of Feed Structures and Feed Component Matrix at
a Cellular Level and Relation to Feed Quality and
Nutritive Value, Arch. Anim. Nutr., 60, 229-244 (2006).

Beamline U3C

G Rochau, J Bailey, G Chandler, T Nash, D Nielsen,
G Dunham, O Garcia, N Joseph, J Keister, et al.,
Energy Dependent Sensitivity of Microchannel Plate
Detectors, Rev. Sci. Instrum., 77, 10E323 (2006).

C Sorce, J Schein, F weber, K Widmann, K Campbell,
E Dewald, R Turner, O Landen, K Jacoby, et al., Soft
X-ray Power Diagnostic Improvements at the Omega
Laser Facility, Rev. Sci. Instrum., 77, 10E518 (2006).

Beamline U4A

T Ellis, K Park, M Ulrich, S Hulbert, J Rowe, Interaction of
Metallophthalocyanines (Mpc, M=Co, Ni) on Au(001):
Ultraviolet Photoemission Spectroscopy and Low
Energy Electron Diffraction Study, J. Appl. Phys., 100,
093515-10 (2006).

A Mathew, Study of Interfacila Phenomena in Thin Films
using Photoelectron Spectroscopy, M.S. Thesis,
University of Delaware, Newark (2006).

E Nemanick, P Hurley, L Webb, D Knapp, D Michalak,
B Brunschwig, N Lewis, Chemical and Electrical
Passivation of Single-Crystal Silicon(100) Surfaces
Through a Two-Step Chlorination/Alkylation Process,
J. Phys. Chem. B, 110, 14770-14778 (2006).

R O’Connor, G Hughes, P Glans, T Learmonth, K Smith,
X-ray Photoemission and X-ray Absorption Studies of
Hf-silicate Dielectric Layers, Appl. Surf. Sci., 253 (5),
2770-2775 (2006).

R O’Connor, S McDonnell, G Hughes, K Smith,
Photoemission Studies of Pulsed-RF Plasma Nitrided
Ultra-thin SiON Dielectric Layers, Surf. Sci., 600, 532-
536 (2006).

M Traub, J Biteen, D Michalak, L Webb, B Brunschwig,
N Lewis, High-Resolution X-ray Photoelectron
Spectroscopy of Chlorine-Terminated GaAs(111)A
Surfaces, J. Phys. Chem. B, 110, 15641-15644
(2006).

M Ulrich, J Rowe, J Keister, H Niimi, L Fleming, G
Lucovsky, Comparison of Ultrathin SiO2/Si(100) and
SiO2/Si(111) Interfaces from Soft X-ray Photoelectron
Spectroscopy, J. Vac. Sci. Technol., B, 24, 2132
(2006).

Beamline U4B

D Hill, D Arena, R Bartynski, P Wu, G Saraf, Y Lu,
| Wielunski, R Gateau, J Dvorak, et al., Room
Temperature Ferromagnetism in MN lon Implanted
Epitaxial ZnO Films, Phys. Status Solidi (a), 203 (15),
3836-3843 (2006).

C Kinane, A Suszka, C Marrows, B Hickey, D Arena, J
Dvorak, T Charlton, S Langridge, Soft x-ray resonant
magnetic scattering from an imprinted magnetic
domain pattern , Appl. Phys. Lett., 89, 092507 (2006).

E Negusse, J Holroyd, M Liberati, J Dvorak, Y ldzerda,
T Santos, J Moodera, E Arenholz, Effect of Electrode
and EuO Thickness on EuO-Electrode Interface in
Tunneling Spin Filter, J. Appl. Phys., 99, 08E507
(2006).



K Neupane, J Shearer, Influence of Amide/Amine vs Nis-
Amide Coordination in Nickel Superoxide Dismutase,
Inorg. Chem., 45, 10552-10566 (2006).

H Noh, S Yeo, J Kang, C Zhang, S Cheong, S Oh, P
Johnson, Jahn-Teller Effect in Spinel Manganites
Probed by Soft X-ray Absorption Spectroscopy, Appl.
Phys. Lett., 88, 081911 (2006).

P Wu, G Saraf, Y Lu, D Hill, R Gateau, L Wielunski, R
Bartynski, D Arena, J Dvorak, et al., Ferromagnetism
in Fe-Implanted a-plane ZnO Films, Appl. Phys. Lett.,
89, 012508 (2006).

S Yoon, Y Chen, A Yang, T Goodrich, X Zuo, D Arena,
K Ziemer, C Vittoria, V Harris, Oxygen-defect-induced
Magnetism to 880 K in Semiconducting Anatase TiO2-
delta Films, J. Phys.: Condens. Matter, 18 (27), L355-
L361 (2006).

Beamline U4IR

H Liu, M Quijada, D Romero, D Tanner, A Zibold,
G Carr, H Berger, L Forro, L Mihaly, et al., Drude
Behavior in the Far-Infrared Conductivity of Cuprate
Superconductors, Ann. Phys., 15 (7), 606-618 (2006).

Beamline USUA

| Baek, W Kim, E Vescovo, H Lee, Effect of Ni
Concentration on Quantum-well States of the Alloy
System Ag/Fe1-xNix: A Spin- and angle-Resolved
Photoemission Study, Phys. Rev. B, 74, 113302
(2006).

L Colakerol, T Veal, H Jeong, L Plucinski, A DeMasi,
T Learmonth, P Glans, S Wang, Y Zhang, et al,,
Quantized Electron Accumulation States in Indium
Nitride Studied by Angle-Resolved Photoemission
Spectroscopy, Phys. Rev. Lett., 97, 237601 (2006).

H Lee, | Baek, S Kim, E Vescovo, Electronic and
Magnetic Properties in Fe-Based Fe1-xNix, Fe1-xCox,
and Fe1-xVx Films on W(110), Surf. Sci., 600, 4137-
4142 (2006).

H Lee, | Baek, E Vescovo, Spin Reorientation Transition
in Fe-Rich Alloy Films on W(110): The Role of
Magnetoelastic Anisotropy and Structural Transition,
Appl. Phys. Lett., 89, 112516 (2006).

E Vescovo, Reply to “Comment on "Oxidation of the
Fe(110) surface: An Fe304(111)/Fe(110) bilayer’ *,
Phys. Rev. B: Condens. Matter, 74, 26406 (2006).

E Vescovo, Spin-Resolved Photoemission Studies of
Magnetic Films, Modern Techniques for Characterizing
Magnetic Materials , p. 600, Kluwer Academic Pub,
New York (2006).

Beamline U7A

B Clare, K Efimenko, D Fischer, J Genzer, N Abbott,
Orientations of Liquid Crystals in Contact with
Surfaces that Present Continuous Gradients of
Chemical Functionality, Chem. Mater., 18, 2357-2363
(2006).

D DelLongchamp, Y Jung, D Fischer, E Lin, P Chang,
V Subramanian, A Murphy, J Frechet, Correlating
Molecular Design to Microstructure in Thermally
Convertible Oligothiophenes: The Effect of Branched
Versus Linear End Groups, J. Phys. Chem. B, 110,
10645-10650 (2006).

D DelLongchamp, M Ling, Y Jung, D Fischer, M Roberts,
E Lin, Z Bao, Thickness Dependence of Microstructure
in Semiconducting films of an Oligofluorene Derivative,
J. Am. Chem. Soc., 128, 16579-16586 (2006).

D Fischer, A Moodenbaugh, Q Li, G Gu, Y Zhu,
J Davenport, D Welch, Soft X-ray Absorption
Spectroscopy of the MgB2 Boron K Edge in an MgB2/
Mg Composite, Mod. Phys. Lett. B, 20 (19), 1207-1216
(2006).

J Genzer, K Efimenko, D Fischer, Formation Mechanisms
and Properties of Semifluorinated Molecular Gradients
on Silica Surfaces, Langmuir, 22, 8532-8541 (2006).

B Haines, Catalytic Hydrodechlorination of Chlorinated
Aromatics on the Pt(111) Surface, Ph.D. Thesis,
University of Michigan, Ann Arbor (2006).

T Hemraj-Benny, S Banerjee, S Sambasivan, M
Balasubramanian, D Fischer, D Lowndes, W Han, J
Misewich, S Wong, et al., Near-Edge X-ray Absorption
Fine Structure Spectroscopy as a Tool for Investigating
Nanomaterials, Small, 2 (1), 26-35 (2006).

T Hemraj-Benny, Investigating the Structural and
Electronic Properties of Carbon Nanotubes upon
Chemical Functionalization and Purification, Ph.D.
Thesis, Stony Brook University, Stony Brook (2006).

A Hexemer, Order and Disorder of Block Copolymers
and Particles on Surfaces with Topology, PhD Thesis,
UCSB, Santa Barbara (2006).

D Krapchetov, H Ma, A Jen, D Fischer, Y Loo, High-
Sensitivity Transmission IR Spectroscopy for the
Chemical Identification and Structural Analysis of
Conjugated Molecules on Gallium Arsenide Surfaces,
Langmuir, 22, 9491-9494 (2006).

S Krishnan, R Ward, A Hexemer, K Sohn, K Lee, E
Angert, D Fischer, E Kramer, C Ober, Surfaces
of Fluorinated Pyridinium Block Copolymers with
Enhanced Antibacterial Activity, Langmuir, 22 (26),
11255-11266 (2006).

S Krishnan, R Ayothi, A Hexemer, J Finlay, K Sohn,
R Perry, C Ober, E Kramer, M Callow, et al., Anti-
Biofouling Properties of Comblike Block Copolymers
with  Amphiphilic Side Chains, Langmuir, 22 (11),
5075-5086 (2006).

S Krishnan, N Wang, C Ober, J Finlay, M Callow, J
Callow, A Hexemer, K Sohn, E Kramer, D Fischer,
Comparison of the Fouling Release Properties of
Hydrophobic Fluorinated and Hydrophilic PEGylated
Block Copolymer Surfaces, Biomacromolecules, 7 (5),
1449-1462 (2006).

S Krishnan, C Ober, A Hexemer, E Kramer, D Fischer,
Compositional Depth Profiling of Block Copolymer
Surfaces using NEXAFS, Polym. Mater. Sci. Eng., 94,
672-673 (2006).

C Lee, P Gong, G Harbers, D Grainger, D Castner, L
Gamble, Surface Coverage and Structure of Mixed
DNA/AIlkylthiol Monolayers on Gold: Characterization
by XPS, NEXAFS, and Fluorescence Intensity
Measurements, Anal. Chem., 78, 3316-3325 (2006).

C Lee, L Gamble, D Grainger, D Castner, Mixed DNA/
Oligo(ethylene glycol) Functionalized Gold Surface
Improve DNA Hybridization in Complex Media,
Biointerphases, 1, 82-92 (2006).

L Lewis, D Yoder, A Moodenbaugh, D Fischer, M Yu,
Magnetism and the Defect state in the Magnetocaloric
Antiperovskite Mn3GaC1-a, J. Phys.. Condens.
Matter, 18, 1677-1686 (2006).
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A Nambu, J Graciani, J Rodriguez, Q Wu, E Fujita, J
Fdez Sanz , N Doping of TiO2(110): Photoemission
and Density-Functional Studies, J. Chem. Phys., 125,
094706 (2006).

L Pattison, A Hexemer, P Petroff, E Kramer, D Fischer,
NEXAFS Determination of the Orientation of a
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