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Chairman’s Introduction
Steve Dierker
CHAIRMAN, NATIONAL SYNCHROTRON LIGHT SOURCE

The scientific productivity of the NSLS continues to be outstanding and 
the research conducted here has high impact. 2003 was no exception 
and some of the many highlights from this year’s research activity are 
included in this Activity Report. We are especially pleased that one of 
our users, Professor Roderick MacKinnon (Rockefeller University), was 
the co-recipient of the 2003 Nobel Prize in Chemistry for work, much 
of which was done at the NSLS, explaining how proteins known as ion 
channels help to generate nerve impulses. It is also a particular pleasure 
to note that NSLS accelerator physicist Li Hua Yu was awarded the 2003 
International Free Electron Laser Prize in recognition of his outstanding 
achievements, especially demonstrating High Gain Harmonic Genera-
tion (HGHG) at the DUV-FEL.

Our vision for the NSLS in the next five to 10 years is for it to continue 
to serve as a vital resource for the nation and especially for the strong 
Northeast research community. To accomplish this, we are working to 
preserve and enhance its outstanding scientific productivity by providing 
increased user support and upgrading beamline and endstation instru-
mentation. For example, this past year we collaborated with scientists 
from the Albert Einstein College of Medicine and the BNL Biology 
Department to develop a new undulator beamline, X29, to meet the 
needs of macromolecular crystallography for high brightness x-rays. 
A new endstation on the undulator beamline X13B is being equipped 
with optics and instrumentation for microdiffraction and microprobe 
experiments. The wiggler beamline, X21, is being upgraded 
to provide high intensity and increased capacity for small 
angle x-ray scattering experiments on nanotemplated soft 
matter, biomaterials, and other systems. We are collaborat-
ing with the BNL Center for Functional Nanomaterials to 
develop a beamline for LEEM/PEEM studies, which will 
add important new capabilities for nanoscience and ca-
talysis research. A new high-speed, high-resolution curved 
position sensitive detector for powder diffraction was also 
developed and made available to users to enable time-re-
solved studies of reaction mechanisms, phase transforma-
tions, chemical kinetics, and material dynamics. At the 
DUV-FEL, this past year saw the achievement of HGHG 
light at 266 nm, with a substantial third harmonic at 89 
nm. User science experiments were initiated and published 
in Physical Review Letters and a successful workshop was 
held to identify the new scientific opportunities in the chemical sciences 
enabled by this unique light source. These and many other important 
projects are described more fully in the Facility Report.

However, in spite of these efforts, the capabilities of the present NSLS 
are increasingly limiting the productivity of its user community. Con-
tinually updated over more than 20 years, with brightness several orders 
of magnitude higher than the initial design value, the performance of 
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NSLS-II is a proposed new advanced third 
generation medium energy storage ring 
designed to deliver world leading brightness 
and flux with top-off operation for constant 
output. The facility will be able to produce 
x-rays up to 10,000 times brighter than those 
produced at the NSLS today. 

the NSLS has reached its theoretical limit - its brightness cannot be in-
creased significantly beyond its current value, and its eight-fold period-
icity severely limits the number of insertion devices. Over the past two 
years we have engaged the user community in an extensive dialogue to 
answer the question, “What science will users do in 10+ years and what 
will they need to do it?” While predicting the future is always difficult, 
the user community responded enthusiastically, and in more than two 
dozen workshops (13 in 2003 alone) they identified the future ‘grand 
challenge’ problems in the fields of life science, nanoscience, materials 
and chemical sciences, geoscience, and environmental science. The clear 
result is that, in order for the legendary productivity of the NSLS to 
continue, and to tackle the ‘grand challenge’ problems of tomorrow, it 
is essential that the NSLS be upgraded to provide much higher average 
brightness and flux.

To provide these capabilities, we submitted a proposal to the Depart-
ment of Energy (DOE) for NSLS-II, a new National Synchrotron Light 
Source at BNL. Our initial proposal was reviewed in February 2003 by 
a DOE Basic Energy Sciences Subcommittee, convened as part of the 
process of formulating the 20-year facilities plan, and later released by 
the DOE. Recognizing the continued need for third generation x-ray 
sources, the subcommittee recommended that we work with DOE to 
formulate a plan for a new third generation ring to replace the current 
NSLS; now NSLS-II is one of the facilities listed on the 20-year DOE 
facilities plan. After collecting additional input from the user commu-
nity and refining our concept, we will submit a full proposal describing 
the scientific opportunities enabled by NSLS-II, and its pre-conceptual 
design, in March 2004. NSLS-II will be a highly optimized, third gen-
eration medium energy storage ring with full energy injection for top-off 
mode operation. The x-ray brightness and flux of NSLS-II will be world 
leading and will be 10,000 times brighter and have 10 times more flux 
than the present NSLS across the energy spectrum from ~10 eV up to 
~20 keV. The present VUV/IR ring will be relocated to the new facility 
to serve as a dedicated IR ring, which will provide world-leading bright-
ness and flux in the important near- to far-IR spectral region.

Access to these new capabilities and the unique infrastructure envisioned 
for the new facility will have profound impact on a wide range of scien-
tific disciplines and initiatives and lead to many exciting discoveries in 
the coming decades. NSLS-II will enable structural studies of the small-
est crystals in structural biology and provide a wide range of nanometer 
resolution probes for nanoscience. It will make possible coherent beam 
scattering studies of the dynamics of condensed matter systems in an 
otherwise inaccessible regime of low frequencies and short length scales. 
It will introduce new methods for imaging the structure of biological 
systems and disordered materials, and greatly increase the applicability 
of inelastic x-ray scattering. The superlative character and combination 
of capabilities of NSLS-II will serve the cutting edge science of the na-
tion, and will have a particularly dramatic impact as a vital resource for 
the strong academic and industrial research community of the Northeast 
United States.

Thus, our vision for NSLS in the next 10 to 30 years is to enable grand 
challenge science by providing world-leading capabilities. NSLS-II will 
accomplish this goal.
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Users’ Executive Committee Update
Anthony Lanzirotti
UNIVERSITY OF CHICAGO

NSLS USERS’ EXECUTIVE COMMITTEE CHAIR

This has been a very exciting year at the NSLS and it has been an honor 
to serve as Chair of the Users’ Executive Committee. As of May 18, 
2004, I will pass on the mantle to Larry Shapiro. It has been a distinct 
pleasure to represent the NSLS user community in a very exciting time 
in our history, as we begin to take a hard look at our future. 

And a very bright future it appears to be. This past year, we prepared for 
the submission of the NSLS-II proposal to DOE, a proposal highlighted 
by a large degree of user interaction. I believe it is clear to all of us that 
the likelihood of NSLS-II coming to fruition is very good indeed, and 
I feel confident that we will see a third generation light source here at 
BNL. But, perhaps, it is in these times of elevated expectations that it is 
most important for the user community to make its desires and concerns 
clear – not only to ensure that NSLS-II becomes a reality, but also to 
guarantee that the current NSLS continues to operate at its maximum 
potential in the interim period. It has been my experience while serving 
on the UEC that users can have a strong impact on how such projects 
are prioritized by participating in education and outreach efforts to our 
representatives and local community. 

As we look to the future and NSLS-II, we also want to ensure that there 
are adequate funds and staff to upgrade and improve the current facility. 
For example, it has been a pleasure to see new beamlines come online 
over the past year, and others begin construction. These include the new 
X17B2 and B3 wiggler beamlines for high-pressure re-
search, using large volume multi-anvil and diamond anvil 
cell presses. These were constructed as the result of NSLS 
collaborations with the NSF Consortium for Materials 
Properties Research in Earth Sciences (COMPRES). A 
new undulator-based protein crystallography beamline, 
X29, was constructed through a partnership between 
AECOM, BNL’s Biology Department, and the NSLS. In 
2003, construction also began on a new undulator-based 
x-ray micro-diffraction beamline, X13B, recently funded 
by DOE, and a new hard x-ray microprobe beamline 
operated at X27A, funded as a joint DOE/NSF collabora-
tion with Stony Brook University’s Center for Environ-
mental Molecular Sciences, BNL’s Environmental Sciences 
Department, and the NSLS. 

But many of the issues related to upgrading and maintaining the existing 
facility are not as obvious as the appearance of a new beamline. They 
include maintenance of an aging infrastructure, upgrades to beamline 
control and computing systems (particularly as older systems are no 
longer supported by manufacturers), detector upgrades, and adequate 
scientific and technical staffing at beamlines. I think these are areas 
where an increased level of dialog (and funding) is needed to keep the 
NSLS vibrant, and some hard questions must be asked about how DOE, 
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the NSLS, existing PRT’s, and incoming Collaborative User groups will 
support these issues.

Over the past year, the UEC has also actively been involved in a number 
of administrative and policy changes that will directly affect how users 
obtain beamtime in the future. Arguably the most significant of these 
was the change in the User Access Policy, a re-definition of the modes 
of access to beamtime at the NSLS. The policy change saw the addi-
tion of Collaborative Users as groups that contribute to the beamline in 
terms of funding, instrumentation, or operations, but do not operate 
beamlines fully, like PRTs. We have also been involved in advising the 
NSLS on its development of an online Proposal, Allocation, Scheduling, 
and Safety (PASS) system that will dramatically change how requests for 
beamtime at the NSLS are submitted, reviewed, allocated, scheduled, 
and tabulated.

And of course the primary annual event organized by the UEC last year, 
with invaluable assistance from the Users’ Office, was the 2003 NSLS 
Users’ Meeting. Last year’s meeting was held May 19-21. The UEC felt 
the meeting was a huge success with a record attendance of 396 regis-
tered participants. We all feel the attendance reflects our strong opti-
mism about the future of the NSLS and synchrotron science at BNL. 
I assure you that this does not go unnoticed in Washington and I am 
confident that the 2004 attendance will far exceed what we achieved 
last year, thanks primarily to user and staff dedication and enthusiasm 
about the scientific accomplishments achieved at this facility. On behalf 
of the UEC, I wish to thanks everyone for a pivotal and successful year. 
Cheers!
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Science at the NSLS
Laura Mgrdichian
NSLS SCIENCE WRITER

As the new science writer at the NSLS, I am especially excited to in-
troduce this year’s Science Highlights and Feature Highlights sections. 
The articles presented in the following pages are just a sampling of the 
fantastic research performed at the NSLS in the chemical, material, 
environmental, physical, and life sciences.

Read on for summaries of highlighted work in these areas, such as 
research into a compound that could improve lithium ion batteries, the 
effect of nickel and uranium-contaminated soil on the growth of willow 
trees, the study of a material used in the microelectronics industry, and 
research that could lead to diabetes and obesity treatment drugs.

Of the hundreds of articles published by NSLS users each year in peer-
reviewed journals, a few dozen are selected as potential Science High-
lights. These Highlights, as we call them, are summarized versions of 
the published papers. They are written by the scientists themselves, and 
then sent to me to be edited and prepared for web posting. Highlights 
are intended for NSLS users and other readers with scientific back-
ground; Features are written by Brookhaven Lab science writers and are 
targeted at a general audience.

Because I joined the NSLS in October of 2003, I cannot take credit 
for all the editing and writing involved in creating these 
sections. To that end, I would like to acknowledge Lisa 
Miller, Mona S. Rowe, Karen McNulty Walsh, and 
Patrice Pages for their work. 

Nonetheless, I am pleased to have contributed what I 
could, and I thank the scientists I’ve worked with and 
the NSLS staff for their cooperation and support. I think 
of myself as a valuable link between the NSLS and the 
outside community, and I look forward to championing 
the important research that is done here. 
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2003 Nobel Prize in Chemistry Awarded to 
NSLS User Roderick MacKinnon
Roderick MacKinnon, M.D., a professor at Rockefeller University, 
investigator at the Howard Hughes Medical Institute, and frequent 
NSLS user, shared this year’s Nobel Prize in Chemistry for work ex-
plaining how a class of proteins helps to generate nerve impulses – the 
electrical activity that underlies all movement, sensation, and perhaps 
even thought. The work leading to the prize was done primarily at the 
Cornell High Energy Synchrotron Source (CHESS) and the NSLS.

“Without the synchrotrons, none of the work I do would be possible,” 
MacKinnon told Newsday.

The proteins, called ion channels, are tiny pores that stud the surface 
of nearly all living cells. These channels allow the passage of potas-
sium, calcium, sodium, and chloride molecules called ions. Rapid-fire 
opening and closing of these channels releases ions, moving electrical 
impulses from the brain in a wave to their destination in the body. The 
entire sequence of events takes only a few milliseconds, and occurs tens 
of thousands of times every day in human beings and organisms of all 
varieties.

Starting in 1998, after 10 years spent studying the biophysics of ion 
channels, MacKinnon and his research team surprised the entire re-
search community when they published the very first potassium chan-
nel structure, which revealed the way that positively charged potassium 
ions flow easily through a pore formed by a protein that spans the cell 
membrane. Thanks to this contribution we can now “see” ions flowing 
through channels that open and close in response to different cellular 
signals.

In the five years following, the Rockefeller scientists have continued 
their research, revealing the inner workings of sodium and potassium 
channels, or the whys and hows of ion movement through a cell’s mem-
brane. This series of structural solutions, determined by x-ray crystallog-
raphy, offers high resolution molecular-level “snapshots” of ion channels 
that literally showed the scientific community how electrical signaling 
occurs. 

These structures not only portray an elusive ion channel structurally and 
mechanically, but also bring history full circle by showing, for the first 
time, the natural molecular mechanism that underlies the “action po-
tential” theory. In 1952, the theory was demonstrated in a mathematical 
formulation by English physiologists Alan Hodgkin and Andrew Hux-
ley, who identified a loop relationship between cell membrane perme-
ability (the ability of a cell to open up via ion channels) and the voltage 
between the inside and outside of the cell.

In this theory, the “action potential” of nerve cells is generated when an 
ion channel on the surface of a nerve cell is opened by a chemical signal 
– a neurotransmitter called glutamate – which is sent from an adjacent 
nerve cell. As a result, positively charged sodium ions enter the cell’s 
negatively charged interior. But this single event triggers an electrical 
pulse that propagates, like a chain reaction, along the surface of the 
nerve cell, causing sodium-conducting channels on the cell’s surface to 

Rod MacKinnon



An overhead view of a voltage-dependent 
potassium ion channel shows four red-tipped 
"paddles" that open and close in response to 
positive and negative charges. This structure, 
discovered by Rockefeller scientists, shows for 
the first time the molecular mechanism by which 
potassium ions are allowed in and out of living 
cells during a nerve or muscle impulse.
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open up. More sodium enters the cell, and the normal negative inside/
positive outside voltage common to all living cells is upset. The whole 
process occurs in a matter of milliseconds.

The overall effect is an explosive, and then restorative, burst of energy to 
the otherwise placid cell membrane. As soon as the cascade of sodium 
channeling begins, hyper-sensitive voltage-dependent potassium chan-
nels along the same cell’s surface sense the catastrophic switching of the 
charge value inside the cell. In their own domino effect, they open up to 
allow positively charged potassium ions to quickly flow out of the cell, 
restoring the negative inside/positive outside charge balance.

Until the research of MacKinnon and his group, however, no group of 
researchers had ever completed the loop by solving the riddle of how the 
membrane voltage determines the permeability. Their work widens a 
foot trail into an avenue for an entire new area of medical study on the 
hundreds of ion channel-related diseases and disorders, such as epilepsy, 
cystic fibrosis, and osteoporosis.

MacKinnon, a biophysicist and self-taught X-ray crystallographer, shares 
the 2003 Nobel Prize in Chemistry with Peter Agre, M.D., of Johns 
Hopkins University School of Medicine, who received his award for 
studies of another type of membrane channel protein.

—Karen McNulty Walsh, Laura Mgrdichian, and Lynn Love
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NSLS Users Discover a New Material Texture 
Type
Researchers working at the National Synchrotron Light Source have 
identified a new way in which the orientation of the tiny grains that 
make up various materials can be classified. There were previously only 
three known types of grain orientation, and the discovery of a fourth 
type may have broad impact on technology research and the study of 
materials and crystals.

The results appeared in the December 11, 2003 issue of Nature.

At the microscopic level, most manufactured and naturally occurring 
materials, such as metals, are made of crystalline grains – tiny regions 
of ordered, symmetrical arrays of atoms or molecules. In the field 
of materials science, the way these grains fit together to form the 
overall material is referred to as the material’s “texture.”

Until this discovery, there were three texture types, known as 
“random,” “fiber,” and “epitaxy” textures. To get a sense of 
these textures, picture a bucket of children’s building blocks 
to represent the individual grains. If the blocks are dumped 
onto a table, the resulting jumbled pile, containing blocks 
in messy layers and many different positions, simulates a 
random texture. If the blocks are instead placed in layers such 
that the bottom face of each one is parallel to the table, but 
neighboring blocks are not parallel to each other, the configura-
tion resembles a fiber texture. Finally, if the blocks are carefully 
placed in a series of neat, parallel stacks, like a three-dimensional 
checkerboard, an epitaxial texture is represented.

In materials science research, materials often take the form of “thin 
films” that are less than one-millionth of a meter thick. To be studied, 
these thin films must be produced on the surface of another material, 
called the “substrate.” The region where the substrate meets the thin 
film is called the “interface.” In our block example, the table acts like a 
substrate, and an interface exists between it and the blocks.

Keeping all this in mind, the new texture type, named “axiotaxy,” is 
similar to fiber texture. However, instead of sitting flat on the table, each 
“block” is tilted upwards at the same angle, as if resting against an invis-
ible sloped surface. This causes a special relationship to form between 
the orientation of the grains in the thin film and the substrate. 

“The mechanism that causes the formation of this new type of texture 
is unique, and may help us to better understand the physics of thin film 
growth and phase transformations in thin films,” said Christophe De-
tavernier, a materials scientist at the IBM T.J. Watson Research Center 
in Yorktown Heights, New York and the University of Ghent, Belgium. 
He is a member of the research group that discovered the new texture at 
the NSLS.

In the continuing development of portable electronics, such as cell 
phones, handheld computers, and digital music players, the study of 
thin films is crucial to creating the tiny electrical circuits that make these 
devices work. Therefore, gathering more knowledge of texture is just as 
important.

A pole figure of the NiSi thin film.
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“The effect of texture on a material’s physical properties is exploited 
in technology development in order to produce materials with specific 
characteristics,” explained Detavernier.

“We focused on a class of materials called silicides that are used in 
integrated circuits. As the aggressive trend in miniaturization continues 
in silicon-based devices, controlling the properties of silicides becomes 
challenging. Therefore, understanding and controlling texture becomes 
critical in certain cases.”

Details of the Discovery

The researchers discovered the new texture while studying a thin film of 
a nickel/silicon compound, called nickel silicide (NiSi). Starting with a 
substrate of pure silicon, they formed a NiSi thin film by depositing a 
small amount of pure nickel on the silicon substrate. During an anneal-
ing treatment, in which the sample was heated to 550 degrees Celsius in 
a furnace, a solid-state reaction occurred between the nickel and silicon. 
This caused all of the nickel to be consumed and a NiSi layer to form 
on the substrate.

Working at NSLS beamline X20A, the researchers shined x-rays at the 
film from several different angles and, using a computer, analyzed the 
pattern the rays created as they emerged from the material. The result-
ing image, known as a “pole figure,” represents the distribution of the 
grain orientation in the film.

The researchers knew they had found a new texture when they noticed 
that their pole figures did not resemble those produced by materials 
with random, fiber, or epitaxy textures, or any combination of them 
(since many films contain elements of all three textures). They are now 
looking for axiotaxy in other thin films.   

      — Laura Mgrdichian

Authors Jean Jordan-Sweet and Ahmet Ozcan.

From left, IBM Researcher Cyril Cabral, Jr., 
Author Christian Lavoie, T.C. Chen (IBM Vice 
President, Silicon Technology), and Christophe 
Detavernier.



New Irreversible Expansion May Yield Better 
Pollution Trap 
Scientists from Brookhaven National Laboratory and their collabora-
tors have previously shown that certain zeolites — materials in which 
oxygen atoms are shared between tetrahedra-containing silicon and/or 
aluminium — can expand under pressure and take up more water to 
become superhydrated. These materials can exchange cations under 
pressure. Due to the pressure-induced expansion, larger molecules and 
cations — possibly pollutants — could be incorporated into the nano-
sized pores of these “molecular sponges.” When the pressure is released, 
the pollutants would become trapped. 

However, in a reversible system, half of the water would be expelled 
again, making the sponges somewhat “leaky.” 

In a paper appearing in the December 5, 2002 issue of Nature, the sci-
entists now describe a material that shows irreversible pressure-induced 
hydration. That is, when the pressure is released, the material stays 
superhydrated. This new finding opens up the possibility of using these 
“molecular sponges” to truly immobilize pollutants such as tritiated 
water. 

“Our studies show that the irreversible pressure-induced hydration is as-
sociated with a rearrangement of the charge-balancing cations contained 
in the nanopores,” says Brookhaven physicist Thomas Vogt, a co-author 
on the previous research and the Nature paper. “By understanding these 
cation migrations and rearrangments under pressure, we hope to be able 
to reduce the pressure at which the pressure-induced hydration occurs, 
and thereby open up new ways to use zeolites as “molecular sponges” for 
pollutants or as transport vessels for medical applications.” 

The collaborators on this research include Vogt and Yongjae Lee of the 
Physics Department and Jonathan Hanson of the Chemistry Depart-
ment at Brookhaven Lab; Joe Hriljac of the University of Birmingham, 
U.K.; John B. Parise of Stony Brook University; and Sun Jin Kim of 
the Korean Institute of Science & Technology. The research was funded 
by the U.S. Department of Energy, which supports basic research in a 
variety of scientific fields. 

—Mona Rowe

Polyhedral representations of two forms of 
natrolite: sodium aluminosilicate (Na-AlSi-NAT) 
and potassium gallosilicate (K-GaSi-NAT) before 
and after pressure-induced hydration, (a) Na-AlSi-
NAT at 0.40 gigapascals; (b) Na-AlSi-NAT at 
1.51 gigapascals; (c) K-GaSi-NAT as synthesized; 
(d) K-GaSi-NAT recovered from 1.9 gigapascals. 
Tetrahedra in Na-AlSi-NAT are shown in light and 
dark blue to illustrate the ordering aluminum and 
silicon ions over the framework tetrahedral sites, 
whereas the gallium and silicon ions in K-GaSi-
NAT are disordered and shown in one color. OW1, 
OW2 and OW3 are water sites; K1A, K1B, and 
K1C are potassium ion sites.

Physicist Tom Vogt (left) with postdoc Yongjae Lee 
at NSLS beamline X7A, where they determined 
the unusual structure of a new material that 
expands under pressure.
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Developing a Safer Way to Make One Class of 
Superconductors
A scientist at Brookhaven National Laboratory has developed a safer, 
more environmentally friendly way to create an experimental supercon-
ductor. This new process facilitates the study of superconductors, which 
are used in medical imaging machines and are expected to improve 
computer chips, electrical transmission lines, and many other devices. 
The findings appeared in the November 19, 2003, issue of Physical 
Review B.

Previously, creating the superconductor, called sodium cobalt oxyhy-
drate, required working with volatile and flammable liquids and cre-
ated chemical waste. Now, BNL chemist Sangmoon Park has devised a 
cleaner synthesis method using plain water. Park works in the Physics 
Department’s Materials Synthesis and Characterization group with his 
advisor, physicist Tom Vogt.

“We prepared the superconductor using an alternate route that does not 
require the special precautions necessary to handle hazardous substanc-
es,” said Park. “Also, this method allows us to synthesize large amounts 
of the material, which will make it easier for us to further analyze its 
properties.” 

Unlike metal-based superconductors, sodium cobalt oxyhydrate con-
tains water. In 2003 researchers discovered that adding water to the 
initial cobalt-oxygen compound, called cobalt oxide, induced its super-
conductivity. This discovery, coupled with Park’s method, may open a 
door to new superconductor research.

To synthesize the superconductor, Park dissolved a sodium/sulfur/
oxygen compound into water, which caused sodium ions and sodium/
oxygen (sulfate) ions to separate from it. This solution was mixed with 
a sodium/cobalt/oxygen compound. The resulting no-waste reaction 
created the superconductor. The material’s structure and the amounts of 
its components, particularly the sodium and water, impart its supercon-
ducting properties. This was confirmed by measurements performed by 
chemist Arnold Moodenbaugh in the Materials Science Department.

The superconductor consists of hexagon-shaped layers: Cobalt oxide 
forms one layer and the sodium and water, together, form another – like 
a stack of pancakes and waffles, with each pair of thin cobalt oxide “pan-
cakes” separated by a thick sodium/water “waffle.” After surrounding it 
with an alcohol/water mixture, the material was subjected to pressure 
that distorted the layers by forcing alcohol or water molecules between 
them. This may further alter the material’s behavior. 

This distortion was studied using x-ray diffraction at NSLS beamline 
X7A by Yongjae Lee of the Materials Synthesis and Characterization 
Group. This revealed that, even at very low pressures, the supercon-
ductor’s structure changed significantly. Park and his colleagues plan to 
investigate how these changes affect its superconductivity.

This research was funded by a BNL Laboratory Directed Research and 
Development (LDRD) grant.   
      —Laura Mgrdichian

A cross-section representation of the 
superconductor's layer structure.

Sangmoon Park holds a sample of a 
superconducting compound.



Murder, Suicide, and a Trip to Princeton
Or how a virus can cause a cell to destroy itself, and how a 
meeting at Princeton University contributes to research at the 
NSLS

Viruses use actin, the most abundant protein in the cells that they are 
infecting, to break open the cells to allow new viruses to escape and 
infect others. 

This discovery, described in the November 29, 2002, Journal of Biologi-
cal Chemistry, was made by Walter Mangel, Biology Department, and 
his team, in collaboration with the laboratories of Nancy Reich, Stony 
Brook University, and Gerard Marriott, University of Wisconsin. The 
research is funded by the Office of Biological & Environmental Re-
search in DOE’s Office of Science and the National Institutes of Health 
(NIH).

The findings, which build upon Mangel’s earlier research on how virus 
particles become infectious, may lead to better antiviral remedies. 

Murderous Intent
When a virus infects a cell, one of its objectives is to make new virus 
particles that can infect and reproduce in adjacent cells. One virus can 
produce thousands of virus particles within one cell.

The virus’s next step is to cause the cell to lyse, or self-destruct, by 
breaking open and releasing newly  synthesized virus particles that can 
infect adjacent cells. Different viruses employ different strategies in lys-
ing cells late in infection. If cells with newly synthesized virus particles 
do not break open, then the virus infection is essentially aborted.

Hatchet-Job Enzymes
Mangel’s group has been studying a protease made by human adeno-
virus, a virus that causes gastrointestinal and respiratory infections, 
and conjunctivitis. A protease is an enzyme that cleaves, or cuts, other 
proteins, making them shorter.

In human adenovirus infection, newly synthesized virus particles are not 
infectious. They contain precursor proteins, which are slightly larger 
than those that are seen in infectious virus. The precursor proteins act as  
"construction" parts, which are needed for virus particle assembly.

Mangel’s group had shown that the adenovirus protease is synthesized 
in the cytoplasm of cells — the area between a cell’s membrane and nu-
cleus — in an inactive form. The protease migrates from the cytoplasm 
into the nucleus where it is incorporated into newly synthesized virus 
particles. Inside these particles, the protease activates by binding to the 
viral DNA and cleaving off a small fragment, pVIc, of a viral protein. 
The pVIc then binds to the protease and fully activates it.

Said Mangel, “Builders remove supportive scaffolding after completing 
a construction project. Similarly, the activated protease cleaves the viral 
precursor proteins, leaving infectious virus particles behind. Both the 
viral DNA and pVIc are cofactors for the adenovirus protease’s becom-
ing active in that their presence enhances its cleaving ability.”

Self-portrait by Wally Mangel, Biology 
Department, in graphite. The bar graph 
(upper left) shows the results of an experiment 
by Bill McGrath, Biology, in Mangel’s lab, 
that was published in Nature. This was the 
first description of the two viral cofactors that 
stimulated the protease. Now, Mangel and his 
team have identified a third cofactor, the most 
abundant cellular protein, actin.
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The Princeton Connection
A connection between cell lysis and the adenovirus protease was made 
serendipitously when Mangel gave a seminar on his protease research at 
Princeton University. He was invited by Clarence Schutt of the Chem-
istry Department, whom he had met while serving on a special study 
section at the NIH. During the talk, after Mangel showed the sequence, 
or formation, of pVIc, Schutt said that he had seen that sequence else-
where.

“I found this hard to believe,” Mangel admitted. “Ever since we’d dis-
covered pVIc, our group had periodically  searched the various data-
bases to see if there were other proteins that contain the pVIc sequence 
— and we never found anything.”

Later that day, Schutt showed Mangel the sequence of actin. Mangel 
saw that, of the last seven amino acids of actin, four are identical and 
three homologous to the sequence of pVIc.

At first, Mangel said, he was quite shocked by this revelation, but then 
he began to think of its implications. 

“Wow! Can you spare some actin for me to take back to BNL tomor-
row?” he asked. The next day, Mangel brought the actin to his lab, 
where Diana Toledo, formerly of Biology, was waiting. They tested to 
see if actin could be a cofactor.

“In the very first experiment, it was clear that actin can be a cofactor for 
the adenovirus protease,” Mangel said. “Incubating actin and the adeno-
virus protease increases the cleaving activity of the adenovirus protease, 
just as pVIc can do.”

Cell Suicide
Actin is the most abundant protein in a cell. Mangel explained that one 
of its functions is to form actin polymers that act as the steel girders 
in skyscrapers, giving rise to the structure of a cell. Conversely, if their 
actin is destroyed, cells lose their shape and eventually break open.

In the November 29 article, the authors show that the adenovirus pro-
tease binds to actin, and thus becomes activated. They also noted that 
the sequence of actin contains two sites that can be cleaved by the active 
adenovirus protease. Incubation of actin with the adenovirus protease 
not only activates the protease, but also allows it to cleave actin at those 
two sites.

“Thus, actin is a cofactor for its own destruction, a new and philosophi-
cally interesting way for a virus to lyse cells,” Mangel commented.

Crystallizing the Future
Mangel’s group has already set up crystallization trials of actin bound to 
the adenovirus protease. “If we can crystallize the complex, then we may 
be able to determine its atomic structure at the National Synchrotron 
Light Source,” Mangel said. “That structure would then be used to find 
drugs to prevent the interaction between actin and the adenovirus prote-
ase. Such drugs could serve as a new type of antiviral agent.”   
                  —Karen McNulty Walsh
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Predicted structure of the adenovirus proteinase 
(AVP)-actin complex and colocalization within 
cells of AVP and cytokeratin-18. The crystal 
structure of AVP (green) was docked onto a 
portion (blue) of the crystal structure of actin 
(red). The red green and yellow balls on AVP 
are the atoms involved in catalysis. In cells 
containing an AVP-green fluorescent protein 
complex, its fluorescence (green) colocalizes with 
the fluorescence (red) from an anti-cytokeratin-
18 antibody, consistent with the cleavage of 
cytokeratin-18 by an AVP-actin complex.



Fabricating 2D Molecular Gradients with a 
Simple Mechanical Device 
Scientists from North Carolina State University and the U.S. Depart-
ment of Commerce’s National Institute of Standards and Technology 
have used a silicon elastomer network in conjunction with a simple 
mechanical stretching device to produce two-dimensional molecular 
gradients for nanotechnology applications. The structure of these 2D 
molecular gradients was determined at the National Synchrotron Light 
Source. The research is described in the cover story of Advanced Materi-
als, September 16, 2003. 

Tuning the surface characteristics of materials has become of paramount 
interest in many fields of science and technology. While 
most applications involve surfaces that are chemically 
homogeneous, in other instances, surfaces are needed that 
comprise two or more chemically heterogeneous regions. 
Such heterogeneous structures can be applied as tools for 
chemical separations, substrates for selective adsorption, 
and specimens for lithography and other micro-fabrication 
technologies. 

“We now see increased interest in generating and using 
‘gradient substrates,’ in which the energy varies gradu-
ally across the sample surface,” said Jan Genzer, a chemical engineer 
at North Carolina State and the lead author of the paper. “Numerous 
studies have shown that such structures offer a unique geometry for 
probing cell/substrate interactions, phase behavior in thin-liquid films, 
including those made of polymers, and directed motion of liquids. 
Recent reports also demonstrate that gradient substrates are useful in 
building molecular templates and exploring material characteristics us-
ing multi-variant approaches.” 

The scientists used a new synchrotron-based x-ray technique called 
combinatorial near edge x-ray absorption fine structure (NEXAFS) 
(cover story January 13, 2003, Applied Physics Letters) to map out the 
billionth-of-a-meter-thick molecular gradient with millimeter spatial 
resolution. According to Daniel Fischer, a physicist from the National 
Institute of Standards and Technology and co-author of the study, few 
techniques can be used to study the physical and chemical properties of 
chemically heterogeneous materials at the millimeter scale. In addition, 
most are limited in sensitivity, can damage the samples under study, or 
require special preparation protocols. 

Said Fischer, “Combinatorial NEXAFS is non-invasive, does not require 
transparent samples, and provides simultaneous information about the 
chemical nature and orientation of the molecules on the surface. Also, 
we employed an in situ methodology, which is based on mechanical 
deformation of the substrate covered with a uniform array of grafted 
organosilane molecules.” 

Details of the Technique 

A two-dimensional molecular gradient is produced by mechanically 
stretching a “dog bone”-shaped elastic poly(dimethylsiloxane) (PDMS) 
plastic sheet clamped in a simple screw-activated device (see figure). 

Authors (from left): Jan Genzer, Kirill Efimenko 
and Daniel Fischer
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As explained by Kirill Efimenko, a senior research associate at North 
Carolina State and a co-author of the study, turning the screw by hand 
stretches the PDMS sheet by 40 percent and produces a gradient of 
strains along the surface. The most strain occurs along the PDMS sheet 
that is continuous between the clamps. The asymmetrically stretched 
PDMS “dog bone” is then exposed to an ultraviolet ozone treatment, 
which sensitizes the PDMS, making it attractive to a gaseous organosi-
lane monolayer deposited over the sheet’s entire surface. After the 
monolayer deposition, the screw is turned backward, relieving the strain 
in the PDMS “dog bone.” Doing so compacts the organosilane mono-
layer greatest at the position of highest original strain. The resulting 2D 
gradient in organosilane molecular density on the surface of the PDMS 
sheet was measured with combinatorial NEXAFS. 

This research was funded by the Camille & Henry 
Dreyfus Foundation, 3M Company, the U.S. Depart-
ment of Commerce, and the U.S. Department of 
Energy’s Divisions of Materials Sciences and Chemical 
Sciences.    

    — Diane Greenberg
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A two-dimensional molecular gradient is produced 
by mechanically stretching a “dog bone”-shaped 
elastic poly(dimethylsiloxane) (PDMS) plastic 
sheet clamped in a simple screw-activated device.

http://www.bnl.gov/bnlweb/pubaf/pr/photos/2003/Cover_(Genzer_et_al).jpg


Scientists Image Soft Tissues With New X-Ray 
Technique

Provides more information than conventional x-rays or other 
scanning methods

Scientists at the NSLS, in collaboration with researchers at Rush 
Medical College, have demonstrated the effectiveness of a novel x-ray 
imaging technology to visualize soft tissues of the human foot that are 
not visible with conventional x-rays. The technique, called Diffraction 
Enhanced Imaging (DEI), provides all of the information imparted 
by conventional x-rays as well as detailed information on soft tissues 
previously accessible only with additional scanning methods such as 
ultrasound or magnetic resonance imaging (MRI). This study appeared 
in the May 2003 issue of the Journal of Anatomy.

“We’ve previously shown that this technique can visualize tumors in 
breast tissue and cartilage in human knee and ankle joints, but this is 
the first time we have shown it to be effective at visualizing a variety of 
soft tissues, such as skin, cartilage, ligaments, tendons, adipose pads, 
and even collagen and large blood vessels,” said physicist Zhong Zhong, 
who works at the (NSLS). “The ability to visualize such a range of soft 
tissues as well as bone and other hard tissues with just one technique has 
many potential applications in diagnosis,” Zhong said.

The technique makes use of the intense beams of x-rays available at syn-
chrotron sources such as the NSLS. These beams are thousands of times 
brighter than those produced by conventional x-ray tubes, and provide 
enough monochromatic x-ray flux for imaging even after selection of a 
single wavelength. 

In conventional x-ray images, the various shades of gray are produced 
because different tissues absorb different amounts of x-ray energy. “This 
works great in imaging bones and other calcified tissues,” said Zhong, 
“but less satisfactorily in imaging soft-tissues that have similar and low 
x-ray absorption.” In DEI, the scientists are more interested in the x-
rays that pass through the tissue and how they bend and scatter as they 
do, because these properties vary more subtly between different types of 
tissue.

To analyze a specimen with DEI, the scientists place a perfect silicon 
crystal between the sample and the image detector. As x-rays from the 
synchrotron go through the sample, they bend, or refract, and scat-
ter different amounts depending on the composition and microscopic 
structure of the tissue in the sample. Then, when the variously bent rays 
exit the sample and strike the silicon crystal, they are diffracted by dif-
ferent amounts according to their angular spread. So the silicon crystal 
helps convert the subtle differences in scattering angles produced by 
the different tissues into intensity differences, which can then be read-
ily detected by a conventional x-ray detector. This results in extremely 
detailed images that are sensitive to soft tissue types.

For example, in the current study, a conventional radiograph of a hu-
man toe shows bones and a calcified blood vessel; except for the faint 
“shadow” of the surrounding soft tissues and calcification within a ten-

Zhong Zhong
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don, no other structures are visible. The DEI scan of the same specimen 
in the same position clearly shows skin, the fat pads beneath the bones, 
the blood vessel, the nail plate, and some tendons, which are clearly dis-
tinguishable from the surrounding connective tissue. Within one of the 
fat pads, even the organizational architecture of the collagen framework 
is visible. Moreover, the bones take on a three dimensional appearance 
because of the detail available in the scans.

In the current study, the DEI images were produced with a lower x-ray 
dose than that used for diagnostic x-rays and no contrast agent 
was needed, making the technique viable as a potential screen-
ing tool, said Zhong.

The scientists are still working on how to scale down the DEI 
design so that it can be used in a clinical setting. But they say 
this should be feasible and that the technique may eventually 
greatly enhance mammography and become increasingly im-
portant in the detection of other soft tissue pathologies such as 
osteoarthritis, breast cancer, and lung cancer.

Collaborators at Rush Medical College include Carol Muehle-
man, Jun Li, and Klaus Kuettner. This research was funded by 
the National Institutes of Health, GlaxoSmithKline, Inc., and 
the U.S. Department of Energy, which supports basic research 
in a variety of scientific fields.     
       — Karen McNulty Walsh
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A conventional synchrotron radiography of a 
foot (A) and the same foot show with Diffraction 
Enhanced Imaging (B). Note the greater variety of 
soft tissues visible within the DEI frame.
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Photodegradation of a Ternary Iron(III)-
Uranium(VI)-Citric Acid Complex
C.J. Dodge and A.J. Francis

Brookhaven National Laboratory

Scientists from Brookhaven National Laboratory have investigated how 
a mixture of compounds containing citric acid, iron, and uranium are 
degraded by light. Understanding the mechanisms involved in the photo-
chemical degradation of metal-organic complexes should result in a process 
to treat uranium-containing waste streams while recovering the uranium. 

Citric acid [C
6
H

8
O

7
] is a naturally-occurring organic compound used 

to remove toxic metals and radionuclides from contaminated soils and 
sediments. It is easily dissolved in water and forms a variety of soluble 
complexes with metals. The nature of the metal-citrate complex formed 

depends upon the nature of the metal, the pH of the solution, 
and the stoichiometric ratio of metal to citric acid. 

Biodegradation of the metal-citrate complexes by Pseudomo-
nas fluorescens results in the production of carbon dioxide and 
water, and precipitation of the metal from the solution. In 
our laboratory, we have previously shown that the iron-citrate 
complex is readily biodegraded while the uranium-citrate 
complex is recalcitrant, but that, upon exposure to light, the 
uranium-citrate complex was photochemically degraded. 
When iron, uranium, and citric acid are present together, an 
iron-uranium-citrate complex is formed, which is also resistant 
to biodegradation. 

To determine the mechanisms of light-induced degradation, or photo-
degradation, of iron-, uranium-, and iron-uranium-citrate complexes, 
we used extended x-ray absorption fine structure (EXAFS), with x-rays 
from beamline X11A at the NSLS. We established the molecular struc-
ture of each of the three complexes: iron-citrate, uranium-citrate and 
iron-uranium-citrate, and identified the nature of the metal precipitate 
formed following photodegradation. 

The photodegradation mechanism for the complex depends upon its 
structure. The iron-citrate complex consists of a binuclear core con-
taining two ferric [Fe3+] ions bound together by a bridging group made 
of a terminal carboxylate group of citric acid [C

5
H

7
O

5
COO-] and an 

oxygen atom. Its photodegradation proceeds by a two-electron oxi-
dation of citric acid to 3-oxoglutarate (C

5
H

4
O

5
) with reduction of ferric 

ions to ferrous [Fe2+]  ions (Figure 1A). The ferrous ions are re-oxidized 
to ferric ions in the presence of photochemically generated hydrogen 
peroxide [H

2
O

2
] and the iron precipitates as ferrihydrite [Fe(OH)

3
]. 

The uranium-citrate complex consists of a core of two uranium atoms 
bridged by hydroxyl groups (di-µ-OH bonding). In addition, attached 
to each uranium atom are three ligand groups from citric acid, which 
form a tridentate ring (chelate) to each uranyl ion [UO

2
2+]. Uranium-ci-

trate photodegradation proceeds by a two-electron transfer mechanism 
with the oxidation of citric acid to acetoacetic acid [C

4
H

6
O

3
] and the 

reduction of uranium to an insoluble tetravalent form (Figure 1B). The 
tetravalent uranium is subsequently re-oxidized to a hexavalent form by 

Authors (from left): Arokiasamy J. Francis and 
Cleveland J. Dodge
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reacting with a photochemically-generated hydroperoxy radical •O
2
H, 

and the uranium precipitates from solution as schoepite [UO
3
•2H

2
O]. 

The ternary iron-uranium-citrate complex has a unique structure con-
sisting of a citric acid molecule bound to a binuclear iron core similar 
to the iron-citrate complex, but the central carboxyl group [COOH] of 
each citric acid is bound to two uranyl ions. The remaining two citric 
acids form tridentate complexes with each uranyl ion. Photochemical 
degradation of the complex involves oxidation of citric acid and produc-
tion of ferrous ions, similar to the iron-citrate complex (Figure 1C), 
but, in contrast to the uranium-citrate complex, no uranium reduction 
to the tetravalent form is observed. Iron and uranium precipitate as fer-
rihydrite and uranium hydroxide [UO

2
(OH)

2
], respectively. 

These results show that the presence of iron affects not only the mecha-
nism of photodegradation but also influences the nature, and thus the 
stability, of the precipitate formed.

Figure 1. Organic metabolite production 
during photodegradation of: (A) 1:1 iron-
citric acid, (B) 1:1 uranium-citric acid, and 
(C) 1:1:2 iron-uranium-citric acid complexes.
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The Coordination Chemistry of Nickel Uptake 
Regulation in Escherichia coli 
P.E. Carrington1, P.T. Chivers2,3, F. Al-Mjeni1,4, R.T. Sauer2, and 
M.J. Maroney1

1Department of Chemistry, University of Massachusetts; 2Department of Biology, 
Massachusetts Institute of Technology; 3Department of Biochemistry and Molecular 
Biophysics, Washington University School of Medicine; 4 Department of Chemistry, 
Sultan Qaboos University, Sultanate of Oman

Scientists from the University of Massachusetts in Amherst and the Massa-
chusetts Institute of Technology in Cambridge have determined the structure 
of the high affinity nickel-binding site in NikR, a protein that regulates the 
uptake of nickel by the gut bacterium Escherichia coli. The scientists show 
that, in the NikR protein, nickel is bound in a novel four-coordinate planar 
site consisting of two histidines, one additional oxygen- or nitrogen-donor 
ligand, and one sulfur-donor (cysteine) ligand. The researchers also noticed 

that when NikR binds to DNA, the nickel-binding site becomes 
six-coordinate with ligands made of oxygen and nitrogen donors, 
but lacking cysteine.

Microorganisms have developed high-affinity uptake systems 
to acquire metals, such as iron, copper, and zinc, from the 
environment. In the gut bacterium Escherichia coli, nickel 
plays a critical role in anaerobic metabolism, but it is usually 
present at low concentrations in the environment, so E. coli 
synthesizes a protein called NikABCDE, which acquires 
nickel from the environment and actively transports it into 
the cell. (The letters A to E label five proteins that assemble 
to form NikABCDE.) 

This protein is produced via transcription of the nik operon (chromo-
somal functional unit acting like a gene) in response to a low oxygen 
level. When nickel concentration is high enough, the transcription 
process is repressed by NikR, a protein that appears to regulate nickel 
uptake in a number of bacteria and archaea.  

NikR contains two distinct binding domains: an amino terminal, 
DNA-binding site and a carboxyl terminal high-affinity nickel-binding 
site. By using x-ray absorption spectroscopy (XAS) at beamline X9B 
at the NSLS, we have characterized the structure of the high-affinity 
nickel-binding site and have shown that the nickel-binding site is sensi-
tive to the DNA-bound state of NikR. 

Analysis of x-ray absorption near-edge structure (XANES) revealed that 
the nickel site is four-coordinate and planar, because it exhibits a 1s 
 3d electronic transition near 8332 electronvolts (eV) and a distinct 
maximum assigned to a 1s  4p

z
 transition near 8338 eV. This result 

was confirmed by the analysis of extended x-ray absorption fine struc-
ture (EXAFS), which revealed that the distances between nickel and 
other atoms are typical of planar four-coordinate nickel complexes, and 
also provided information about the ligands involved.

The nickel-binding domain of NikR contains a number of conserved 
amino acids that are potential nickel ligands. The structure that emerg-
es from the combined XAS and mutagenesis of four of these amino 
acids is consistent with the planar four-coordinate N

2
OS-donor site 

Authors (from left): Sergio Chai, Faizah Al-Mjeni, 
Patrick DeCourcy, Paul Carrington, Michael 
Maroney, Peter Bryngelson, Jennifer Pinkham, and 
Arthur LaPlante
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shown in Figure 2. Since nickel is the only important biological metal 
ion that commonly adopts a square planar geometry, the results provide 
a structural basis for the specificity of NikR toward nickel ions.  

Large structural changes were observed when NikR was bound to 
operator DNA (Figure 1). The XANES spectra of the NikR-DNA 
complexes (left) exhibit somewhat larger, but still small, peaks asso-
ciated with 1s  3d electronic transitions near 8332 eV, while the 
peak assigned to the 1s  4p

z
 transition near 8338 eV is absent, 

indicating the presence of a six-coordinate nickel site. EXAFS 
analysis of the DNA complexes (right) shows that the best fits are 
obtained for six nitrogen and oxygen donors, including at least two 
histidine ligands, consistent with the XANES analysis.  

NikR appears to be using the coordination chemistry characteristic 
of nickel not only to selectively bind nickel, but also to change the 
interaction between nickel and the protein. The change in nickel-
coordination geometry has several potential consequences for NikR 
function, such as its role for NikR in buffering intracellular nickel at 
very low levels and controlling DNA transcription at higher concen-
trations of intracellular nickel. 

Although the functional consequences of the change in nickel coordina-
tion remain to be elucidated, NikR provides a unique example of the 
role of metal ions in regulating DNA transcription.

Figure 1.  Nickel K-edge x-ray absorption 
near-edge spectroscopy (XANES) spectra (left) 
and unfiltered extended x-ray absorption fine 
structure (EXAFS) spectra (right).  EXAFS 
data points are represented by open circles 
and the fit by a solid line. 

Figure 2. A model of the high-affinity nickel 
site in NikR based on x-ray absorption 
spectroscopy (XAS) and mutagenesis results. 
Residues are colored according to donor 
atom types (blue: nitrogen; red: oxygen; and 
orange: sulfur).
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Electron Localization in a Mixed-Valent (+2/+3) 
Di-Iron Complex
F.B. Larsen1, C.J. McKenzie1, and R.C. Scarrow2

1University of Southern Denmark, Odense Campus; 2Haverford College

Mixed-valence coordination complexes are molecules containing at least 
two of the same metal ions, where the formal oxidation state (charge) of the 
metal ions is different. Such complexes are of interest to inorganic chemists 
because of their unusual electronic and magnetic properties. An average 
(sometimes non-integral) charge may be the best assignment for the oxida-
tion state due to the delocalization of electrons, such that the charge at each 
metal ion is effectively the same value. Accurate determination of bond 
lengths can be used to assess the extent of electronic delocalization. X-ray ab-
sorption spectroscopy (XAS) performed at the NSLS was used to determine 
that a mixed-valence complex with a Fe

2
(OH)

2
 core is best described as a 

complex with one Fe2+ and one Fe3+ ion. The XAS results were used along 
with X-ray diffraction to determine the crystal structure.

Dinuclear iron complexes containing a Fe
2
O

2
 rhombic core (top right) 

are of interest as models of the structure and function of the active 
site of the class of non-heme iron enzymes to which the hydroxylation 
protein of methane monooxygenase (MMOH) belongs.  This enzyme 
is responsible for the bacterial conversion of methane to methanol. 
Recently, a mixed valence (FeIIFeIII) form of MMOH was structurally 
characterized as containing a triply-protonated rhombic core (i.e. one 
µ-OH and one µ-OH

2
 bridging between the iron atoms).[Wittington, 

D. A. and Lippard, S. J., ````` J. Am. Chem. Soc., 2001, 123, 827-838.]  
While synthetic Fe

2
O

2
(H)

0-2
 compounds with a rhombic core exist for 

the II-II, III-III, III-IV oxidation states, the II-III state was unknown.   

Using the neutral capping ligand, N,N’-dimethyl-N,N’-bis(2-
pyridylmethyl)ethane-1,2-diamine (L) (top right), to complete the 
coordination requirements of the iron atoms, and thus prevent an 
uncontrolled polymerization to form iron(III) hydroxides, we prepared 
and crystallized the first example of a synthetic diiron complex in the II-
III iron oxidation state and containing a rhombic core. The compound, 
[L

2
Fe

2
(OH)

2
](ClO

4
)

3
•3H

2
O, is unstable in solution. In the solid state, 

crystals decompose in weeks. The products of decomposition are iron 
(III) compounds. The initial structure of [L

2
Fe

2
(OH)

2
](ClO

4
)

3
•3H

2
O, 

determined by single crystal X-ray diffraction, showed that the two iron 
atoms were related by symmetry, suggesting a delocalized mixed-valence 
complex (Fe+2.5Fe+2.5) with an average Fe-O distance of 1.98Å. All other 
things being equal, the metal-donor distances depend on metal oxida-
tion state and are shorter for higher oxidation states. Given the chemical 
similarity of the local environment of each iron atom of the molecule, 
identical oxidation states (of +2.5) seemed plausible. The physical 
interpretation of such a non-integer oxidation state is that there is little 
barrier for electron transfer between the metal ions. However, an alter-
native explanation is that the compound can be regarded as a valence 
trapped FeII-FeIII compound and the crystal structure is disordered.  

In experiments performed at beamline X18B at the NSLS, we found 
that structural disorder in the crystal lattice is indeed the cause of the 
apparent equivalent oxidation states.  The best fit of the X-ray absorp-

Authors (from left): Frank Larsen and Christine 
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tion fine structure (XAFS) measurements was obtained by refining 2 
Fe-O distances each to 1.90±0.03 and 2.12±0.08 Å rather than using 
the Fe-O distance found in the crystal structure (Figure 1). The refined 
Debye-Waller factor (σ2) for these Fe-O shells was 0.004 Å2, typical 
of what is found for compounds with only vibrational disorder in the 
bond lengths. The iron K-edge (XANES) spectrum could be well mod-
eled as arising from 50% Fe2+ and 50% Fe3+ (Figure 2). The combined 
results from XANES and EXAFS analysis indicate that the iron atoms 
in [L

2
Fe

2
(OH)

2
](ClO

4
)

3
•3H

2
O are localized in their valence state on the 

X-ray time scale. Since the same time scale applies to X-ray diffraction, 
the apparent equivalence in Fe-O bond lengths in the crystal structure is 
ascribed to packing disorder.  

Based on these results, the single crystal diffraction data of 
[L

2
Fe

2
(OH)

2
](ClO

4
)

3
•3H

2
O were re-fit using two half-occupancy 

isotropic oxygen atoms instead of the single anisotropic bridging oxygen 
atom (Figure 3). The two models fit the diffraction data equally well 
(R

w
 = 0.044) but the disordered model is obviously preferred because it 

explains the EXAFS and XANES results. In the disordered model, the 
averaged distances ascribed to FeIII-O (1.89 Å) and to FeII-O (2.07 Å), 
as well as the Fe-Fe distance (2.95 Å), are within the uncertainty ranges 
for these parameters established by EXAFS analysis. These results show 
that, despite an ostensibly symmetrical chemical environment for both 
iron atoms of [L

2
Fe

2
(OH)

2
](ClO

4
)

3
•3H

2
O, the electrons localize such 

that one FeII and one FeIII are present in the complex.
Figure 1. EXAFS analysis of [L

2
Fe

2
(OH)

2
]

(ClO
4
)

3
•3H

2
O. (A) The fluorescence (circles) 

and transmission (diamond) detected EXAFS 
are compared (both are offset by +4 Å-3; no 
systematic difference are evident). (B) Fourier 
filtered EXAFS (thick line) and simulation 
of the EXAFS to determine Fe-X distances 
discussed in this article.

Figure 2. XANES of [L
2
Fe

2
(OH)

2
](ClO

4
)

3
•3H

2
O 

and its simulation representing contributions 
of 50% from FeII and 50% from FeIII XANES 
shapes.

Figure 3. X-ray crystal structure of the cation 
of [L

2
Fe

2
(OH)

2
](ClO

4
)

3
•3H

2
O, with enlarged 

geometry of the Fe
2
O

2
H

2
 rhombic core 

inferred from a combination of XAS and X-
ray diffraction experiments.

A Fe
2
O

2
(H)

0-4
 

rhombic core.
Neutral capping ligand, 
N,N’-dimethyl-N,N’-bis
(2-pyridylmethyl)ethane-
1,2-diamine
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The Structure Solution of SSZ-58:  A Novel 
Two-Dimensional 10-Member-Ring-Pore 
Zeolite with Previously Unseen Double 
Five-Member-Ring Subunits
A. Burton, S. Elomari, R.C. Medrud, I.Y. Chan, C.-Y. Chen, L.M. Bull, and 
E.S. Vittoratos

ChevronTexaco 

Researchers at ChevronTexaco have recently prepared a novel zeolite 
(designated SSZ-58) with a ten-dimensional system of ten-membered ring 
pores. SSZ-58 is the first zeolite to possess a previously unobserved double 
five-membered ring unit. The structure of SSZ-58 was determined us-
ing the ab initio method FOCUS with powder diffraction data collected 
at beamline X7A. To date, SSZ-58 is the most complex zeolite (in terms of 

the number of atoms in the crystallographic asymmetric unit) to 
be solved from powder diffraction data.

Zeolites are crystalline microporous aluminosilicates which 
find widespread use as catalysts, adsorbents, and ion-ex-
changers. New zeolites continue to emerge at an increas-
ingly rapid pace. The syntheses of high-silica zeolites are 
usually performed hydrothermally in the presence of an 
organocationic structure directing agent (SDA). The size 
and shape of the SDA often correlate well with the dimen-
sions of the zeolite micropores or cages. An understanding 

of molecular recognition effects in zeolite synthesis begins with iden-
tification of the structure or structures promoted by certain SDAs. A 
detailed knowledge of zeolite structure is also crucial for understanding 
catalytic and adsorptive properties. Once the structure of a zeolite is de-
termined, applications based upon size or shape-selective processes may 
be targeted, or known properties of the material may be rationalized.

Although structure solutions of zeolites from single crystals have been 
reported, it is rare that zeolite crystals are large enough for single crystal 
structure analyses of novel zeolite phases. Investigators must therefore 
rely on powder diffraction data. Ab initio structure solution from pow-
der data is difficult because of the high degree of peak overlap inherent 
to most powder patterns.

In the past, there was often a long time between the initial discovery 
of a zeolite and its structure elucidation. The investigators hoped to 
construct a model that was consistent with the unit cell parameters, 
the possible space group symmetries, and other physicochemical (i.e., 
adsorption, catalytic, and density) data. These structure solutions often 
depended on simple modifications of previously known zeolite topolo-
gies. Model building continues to be an important tool to the zeolite 
crystallographer, particularly for the investigation of disordered materi-
als. However, if an unsolved structure contains previously unobserved 
secondary building units, and especially if it possesses a large number 
of tetrahedral (T) atoms in its asymmetric unit, the success of model 
building is more dubious.  

Recently, with the advent of the FOCUS,  and ZEFSAII algorithms, 
there have been significant advances in ab initio structure solution of 
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Figure 2.  Models showing the two-
dimensional pore system in SSZ-58 (top) 
along the c-axis and (bottom) along the 
a-axis. Tetrahedral atoms are represented by 
intersections of line segments. Oxygen atoms 
have been removed for visual clarity.
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zeolites from powder diffraction data. These methods incorporate the 
crystal chemical information inherent to most zeotype structures: i.e., a 
fully connected, tetrahedral arrangement of the dominant x-ray scat-
terers. In this report we discuss the structure solution of the 
novel zeolite SSZ-58 by the FOCUS method. 

SSZ-58 was synthesized using the 1-butyl-1-cyclooctylpyrro-
lidinium cation as a structure directing agent (SDA). Samples 
for detailed structural analysis were examined at beamline 
X7A. The synchrotron powder diffraction pattern (Figure 1) 
of SSZ-58 could be indexed in an orthorhombic unit cell in 
space group Pmma: a = 25.112 Å, b = 12.498 Å, c = 12.860 
Å. Figure 2 shows the topological structure of SSZ-58 (oxy-
gen atoms have been omitted for clarity) determined from 
the FOCUS algorithm.  This structure has 12 tetahedral (T) 
atoms and 26 oxygen atoms per asymmetric unit. In terms of 
the number of unique T atoms, SSZ-58 is the most complex zeolite or 
zeotype structure solved from powder diffraction data. 

SSZ-58 possesses a two-dimensional system of pores that intersect to 
form large cavities that are bound by two pairs of opposing 10-mem-
bered rings (10MRs).  The pores along the c-direction are straight 
channels bound by 10-MRs with dimensions of 5.7 × 5.2 Å assuming 
an oxygen radius of 1.35 Å.  The sinusoidal pores along the a-direc-
tion are bound by distorted elliptical 10MRs with dimensions of 4.8 
× 5.7 Å. The structure of SSZ-58 is composed of columns that possess 
double five-member rings (D5MRs). Although the D5MR is a simple 
building unit, it surprisingly has not been observed in any other zeolite 
structures. The structure solution of SSZ-58 highlights the advances 
that have been made in structure elucidation of complex materials from 
powder data.

Figure 1. The simulated, experimental, 
and difference profiles of the synchrotron 
powder x-ray diffraction pattern (l = 1.1996 
Angstrom) of SSZ-58.
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Experimental Electron Density Study of an 
Organozirconium Compound
S. Pillet1, G. Wu1, V. Kulsomphob2, B.G. Harvey2, R.D. Ernst2, and 
P. Coppens1

1State University of New York, Buffalo; 2University of Utah

Scientists at the State University of New York in Buffalo and at the Uni-
versity of Utah have synthesized a novel organozirconium complex and 
subjected it to a careful experimental electron density study at 16 K. The 
study demonstrates that it is now possible to achieve accurate results for such 
heavier atom-containing species when high intensity sources and small crys-
tal sizes are employed. The analysis of the electron density distribution for 
the organozirconium complex has revealed unusual 4d orbital populations 
and provided insight both into the nature of the bonding of the zirconium 
center to its various ligands, and into a number of interatomic contacts 
between formally nonbonded atoms.

In electron deficient organometallic compounds, it is not uncommon 
for empty orbitals on a metal center to interact with electron pairs in 
nearby C-H bonds. That was certainly what was expected to be found 
in Complex 1, in which a very small Zr-N-C angle indicated there was 
some sort of interaction between Zr and the isopropyl group. However, 
spectroscopic data did not give any indication of such an interaction.  
This led the researchers to undertake an experimental electron density 
study of the compound, even though a truly accurate study of a com-
pound with an atom as heavy as zirconium had never been achieved 
before. The high intensity X-rays provided by the NSLS and high-reso-
lution single-crystal facilities at the SUNY X3 beamline were indispens-
able in this undertaking.

Despite the inherent obstacles to overcome in obtaining accurate data, 
the researchers were rewarded with a variety of interesting results, 
although ironically they ultimately did not find an unambiguous answer 
to the question that had prompted the study, which concerned the 
putative agostic interaction between the metal center and a proximal 
C,H region. To begin with, the d orbitals on zirconium were found to 
exhibit unusual populations based on ligand field considerations. Three 
orbitals (d

z
2, d

x
2
-y

2, and d
xz
) were found to be relatively highly populated, 

indicating σ donor interactions from the organic ligands, and both σ 
and π donor interactions from the nitrogen center, respectively.

The study also revealed significant details concerning the bonding elec-
trons in the compound. A topological analysis of these electrons showed 
“bond paths” for all the expected bonds between the lighter atoms. 
However, bond paths were only found between the zirconium atom and 
three ligand atoms (N and two C). Many of the carbon atoms to which 
Zr is presumably bonded were not found to be connected to the Zr 
atom by bond paths. Thus, not only were there no bond paths connect-
ing the Zr with the isopropyl group, but there were also no bond paths 
to four of the five dienyl carbon atoms (Figure 1), and three of the four 
diene carbon atoms. Nonetheless, the electron density distributions and 
ellipticities, together with the actual placement of the zirconium atom, 
provided clear evidence for the presence of interactions between these 
ligand atoms and the zirconium center. As topological analyses have 
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only recently begun to be employed to characterize the bonding in types 
of organometallic compounds, this result provides guidance for further 
studies using this method.

An unexpected bonus was provided by the observation that the p-orbital 
electron densities of the diene and dienyl π systems were not oriented 
perpendicular to their atomic planes, but rather experienced “tilts” or 
rehybridizations in order to be directed more toward the zirconium cen-
ter. Such tilts had previously been inferred from distortions exhibited by 
π ligand substituents, but this is the first direct experimental evidence 
for these reorientations. As noted above, the charge density analysis did 
not provide direct evidence for the existence of an agostic interaction 
(Figure 2).

The topological analyses also revealed interesting interactions between 
some formally nonbonded atoms. Intermolecular CH/π and π/π inter-
actions were observed between dienyl ligands in adjacent complexes, 
while a more unusual bond path was observed between opposing hydro-
gen atoms present on the dienyl ligand termini. This interaction may 
account for the observed tendency of pentadienyl ligands under some 
conditions to undergo loss of H

2
, yielding the more common cyclopen-

tadienyl ligand.

While this study has yielded substantial insight into the bonding of this 
compound, very few electron density studies have been carried out on 
organometallic compounds in general. One can therefore expect that a 
wealth of additional new information will be achieved through similar 
studies of a wide variety of organometallics.

2-32 CHEMICAL SCIENCES

Figure 1. Illustration of the experimentally 
determined bond paths in the organo-
zirconium complex.

Figure 2. Electron density gradient trajectories 
(grey lines) and total electron density (red 
lines) for the Zr-N-C-H plane. Bond critical 
points are depicted as red circles. Contour 
levels of 0.1 eÅ-3 are used for the electron 
density.
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In Situ X-ray Absorption Spectroscopic Study 
on the LiNi

0.5
Mn

0.5
O

2 
Cathode Material During 

Electrochemical Cycling
W.-S. Yoon1, C.P. Grey2, M. Balasubramanian1, X.-Q. Yang1, and J. McBreen1

1Materials Science Department, Brookhaven National Laboratory; 2Department of 
Chemistry, Stony Brook University

Lithium ion batteries consist of a layered-lithium first-row transition metal 
oxide cathode (positive) and a graphite anode (negative) that can inter-
calate lithium ions. In the intercalation process, Li+ ions migrate into the 
empty space between the metal oxide or graphite layers. Oppositely, egress 
of the Li+ ions is called deintercalation. During the repeated charging and 
discharging of the battery, called cycling, the lithium ions shuttle between 
the anode and cathode, electrons flow in the external circuit, and the metal 

in the cathode undergoes a redox process. In this process, the metal’s 
oxidation state is changed. In situ x-ray absorption spectroscopy (XAS) 
was used to study the redox processes in LiNi

0.5
Mn

0.5
O

2
. The results 

indicate that the redox process occurs on the nickel ions, with the 
conversion of Ni2+ to Ni3+ occurring first and the Ni3+ to Ni4+ conver-
sion occurring second. The manganese remains Mn4+ during normal 
battery cycling.

Rechargeable lithium ion batteries are a key component in por-
table electronic equipment, such as laptop computers and cellular 
phones. These batteries consist of a layered-lithium first-row tran-

sition metal oxide cathode (positive) and a graphite anode (negative) 
that can intercalate lithium ions. Commercial lithium ion batteries have 
LiCoO

2
 cathodes. During cycling, the lithium ions shuttle between the 

anode and cathode through a non-aqueous electrolyte. During charg-
ing, Li+ ions are removed from the cathode and inserted between the 
graphite layers in the anode. Concomitant with the removal of the Li+, 
a Co4+/Co3+ charge-compensation process converts Co3+ to Co4+. This 
is called a redox process, and it causes electrons to flow in the external 
circuit from the cathode to the anode. Then, during discharging, all 
the processes are reversed. This type of reaction yields a long cycle life 
because no new phases crystallize on the electrodes and cause the bat-
tery to degrade and ultimately fail. For example, as a Pb-acid (PbSO

4
) 

battery charges, lead metal with a textured consistency, called a lead 
sponge, forms on the anode and PbO

2
 forms on the cathode. As the 

battery discharges, PbSO
4
 forms on both electrodes. But in a lithium 

ion battery, the electrode materials do not undergo major structural 
changes. Instead, they merely act as intercalation hosts that accommo-
date the ingress and egress of Li+ ions. This yields a long-life battery.

In practice, only 50 percent of the Li+ ions are removed from the 
LiCoO

2
 cathodes during the charging process. Removal of more than 

this severely limits the battery’s cycle life. Fortunately, during charging, 
the cell voltage has a well-defined positive slope (Figure 1), making 
it possible to remove only 50 percent of the Li+ ions by simply ter-
minating the charge at 4.2 V. However, this results in the utilization 
of only half the theoretical charge capacity that could be obtained by 
completely removing the Li+ ions. Because of the low cathode capacity 
and the cost of LiCoO

2
, extensive research is underway to find alterna-
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tive cathode materials with larger operating capacities and lower costs. 
LiNi

0.5
Mn

0.5
O

2
 is one of the more promising new materials. It has a 

lower cost, a higher capacity, and is more resistant to thermal abuse than 
LiCoO

2
.

We reported an in situ XAS study of LiNi
0.5

Mn
0.5

O
2
, at the Ni and Mn 

K-edges, as it was charged and discharged. The XAS study was done in 
the transmission mode in a two-electrode cell with thin mylar windows. 
The respective K-edges of Mn and Ni metal are at 6539 eV and 8333 
eV. At these energies, the x-ray can eject 1s core electrons and there is a 
large increase in the x-ray absorption. As the oxidation state of the met-
als increases, there are less electrons to screen the nucleus and the edge 
position shifts to higher energies because it becomes more difficult to 
eject the 1s electrons. By monitoring the edge shifts, we can follow the 
redox processes on both Mn and Ni.  

Figure 1 shows a voltage profile of the cell as it was charged over a 
50-hour period to remove all the Li+, while continuously recording 
XAS spectra. Representative XAS scans are indicated on the plot. 
Figure 2a shows the Mn K-edge x-ray absorption near-edge structure 
(XANES) and Figure 2b shows the Ni K-edge XANES. Even though 
there are changes in the Mn XANES during charging, there is no rigid 
shift of the Mn XANES to higher energies, indicating that the Mn 
remains Mn4+ throughout charging. However, the Ni XANES shows a 
rigid shift, indicating the conversion of the initial Ni2+ to Ni4+. Analysis 
of the Mn extended x-ray absorption fine structure (EXAFS) shows very 
few changes in the Mn O first-shell interactions, which supports our 
conclusion from the XANES analysis that Mn remains Mn4+. The Ni 
EXAFS shows major changes in the Ni O first-shell interactions, which 
is consistent with the XANES. All of this clearly indicates that charge 
compensation, during charging, occurs via the oxidation of Ni2+ to Ni4+. 
Analysis of the EXAFS indicates that this occurs in two steps: first, from 
Ni2+ to Ni3+, and then from Ni3+ to Ni4+.

Figure 1. Voltage profile of cell on first charge. 
Representative XAS scans are indicated.

Figure 2. Normalized (a) Mn K-edge and (b) 
Ni K-edge XANES.
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Palladium M
4
-Valence-Valence and M

5
-Valence-

Valence Auger Spectra Determined by Auger-
Photoelectron Coincidence Spectroscopy
M.T. Butterfield1, R.A. Bartynski1, and S.L. Hulbert2

1Department of Physics and Astronomy, Rutgers University;  2National Synchrotron 
Light Source, Brookhaven National Laboratory

One of the best ways to probe electron correlations in the valence band of 
solids is to compare spectra of Auger decay processes with the predictions of 
various theories. But Auger spectra associated with different core levels are 
often closely spaced in energy and cannot be resolved by conventional means. 
Scientists from the NSLS and Rutgers University have recently succeeded 
in isolating the overlapping M

4
-valence-valence and M

5
-valence-valence 

Auger spectra of palladium metal by using vacuum ultraviolet synchrotron 
radiation from NSLS beamline U16B and a novel end station with two 

electron energy analyzers.

One common way to probe the electronic 
structure of transition metals is through a 
mechanism called the Auger effect, which 
works as follows: An electron from a core 
electronic shell inside a metal atom is ejected 
by incoming radiation, leaving a vacant site, or 
hole, which is subsequently filled by another 

electron coming from a valence electronic shell (of higher energy than 
the core shell). By jumping into the hole, this second electron loses 
energy, which is then used to eject a third electron from another valence 
shell, called an Auger electron (Figure 1). Scientists can count the 
Auger electrons ejected as a function of their kinetic energy, called the 
Auger electron spectrum, which provides information on the corre-
lations between the two holes left in the valence shell by the second and 
third electrons.

The kinetic energy distribution of Auger electrons, called the Auger 
line shape, is well understood when the electron-electron correlation 
energies in the valence band are either very large or very small. But 
palladium is an intermediate case that can test the ability to inter-
polate between these two extremes. Although an atom of palladium 
is an open-shell system (its outermost electronic shells are completely 
filled with electrons) in the solid form, it is missing only a fraction of 
an electron: It does not have a 4d9 but actually a 4d9+ configuration. 
So, palladium has what is called a marginally open shell. Thus, palla-
dium should provide an interesting test of how theories formulated to 
explain the electronic properties of systems with totally filled, or closed, 
electronic shells can provide an accurate description of systems with 
marginally open shells.

Auger line shapes can be used to probe electron correlations in the 
valence band by comparing the measured Auger profiles against the 
prediction of various theories. But Auger spectra associated with differ-
ent core levels are often closely spaced in energy and cannot be resolved 
by conventional means. With a technique called Auger-photoelectron 
coincidence spectroscopy, we have succeeded in distinguishing overlap-
ping Auger spectra with different origins. 
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The importance of correlation effects in core-valence-valence Auger 
spectra can be quantified by the ratio of the Coulomb repulsion energy 
to the bandwidth, which, in transition metals, is usually the width of 
the d bands. If this quantity is small, the shape of 
the Auger spectrum will be band-like. In con-
trast, if this quantity is large, the lineshape will 
be atomic-like. Cini and Sawatzky independently 
developed a theoretical model of Auger transi-
tions that describes the Auger line shape inter-
mediate between these two extremes.

For palladium, the Cini-Sawatzky model cannot 
provide a complete description of our measured 
Auger spectra. We have succeeded in matching 
the entire Auger spectra by using an extension of 
the Cini-Sawatzky theory in which each electronic multiplet of the two-
hole final state can be considered as having its own value of the Cou-
lomb repulsion energy, so each will experience a different amount of 
distortion. The result of a fit using this approach is shown in Figure 2.

In the M
4
-valence-valence Auger spectrum, we notice that excess emis-

sion above the theoretical curve accounts for a larger fraction of the 
spectrum than in the M

5
-valence-valence line. This additional M

4
 emis-

sion is attributed to a Coster-Kronig transition, whereby the palladium 
M

4
 core hole is filled by an M

5
 core electron, and then the remaining 

M
4
 hole decays. We have recently found that the Coster-Kronig channel 

is dramatically enhanced in surface alloys of palladium and silver.

Figure 1. Energy level diagram for the 
Auger decay process. An electron in the core 
electronic shell is ejected (1) by a synchrotron 
soft x-ray and then an electron from the 
valence band fills (2) the hole previously 
occupied by the first electron. The energy 
released by this transition is transferred to 
the emission (3) of another valence electron, 
called an Auger electron. The Auger electron 
is produced by what is called core-valence-
valence Auger decay.  If the valence electrons 
are correlated via a Coulomb repulsion 
energy, the lineshape of the Auger spectrum 
can change shape as shown.

Figure 2. (a) Palladium M
4
 valence-valence 

and (b) palladium M
5
 valence-valence 

Auger spectra (blue curves) along with the 
individual (green curves) and the sum of the 
Cini-Sawatzky distorted final state multiplets 
(red curve) added to a simple inelastic 
background (black curve). 
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Charge and lattice dynamics along the c axis perpendicular to the CuO
2
 

superconducting (SC) planes were studied in a Bi2223 crystal with infrared 
ellipsometry. The far-infrared (FIR) conductivity data reveal that a strong 
absorption band corresponding to a transverse Josephson plasmon develops as 
the crystal enters the SC state. The effect of the FIR spectral weight increase 
opposes the spectral weight decrease in conventional SC's. This unusual ef-
fect highlights that an anomalously large energy scale beyond the FIR range 
can be attributed to SC condensate formation in high-T

c
 superconductors. 

We also observe phonon anomalies, suggesting that the Josephson currents 
lead to a drastic variation of the local electric field within the closely spaced 
CuO

2
 planes.

The transition from a normal metal to a superconductor (SC) below 
the critical temperature, T

c
, is accompanied by a redistribution of 

spectral weight (SW) for the real part of the complex optical conduc-
tivity, σ (ω), from finite frequencies in the normal state (NS) into a 
δ-function at zero frequency in the SC state. For classical SC’s, the 
energy gap determines the frequency range over which the SW of the 
δ-function is collected. That noticeable change occurs only for ω < 6 ∆ 
(Ferrell-Glover-Tinkham (FGT) sum rule). Recently, it was found that 
the FGT sum rule is partially violated for the c axis response of some 
high-T

c 
cuprate compounds: The SW loss in the FIR below T

c
 is smaller 

than the SW of the δ-function at zero frequency. It implies that SC 
pairing involves a very large frequency scale and may rule out conven-
tional mechanisms that rely on low-frequency bosons, such as phonons. 
Instead, it supports models where a decrease in the c axis kinetic energy 
below T

c
 provides a significant contribution to the SC condensation 

energy. 

These far-reaching implications call for further experiments on a 
compound with a larger, more easily identified SW transfer. The best 
candidates are multilayer high-T

c
 compounds, which contain more than 

two CuO
2
 planes per unit cell. Here we present ellipsometric data of 

the c axis dielectric response of the trilayer compound Bi
2
Sr

2
Ca

2
Cu

3
O

10
 

(Bi2223). The ellipsometric measurements have been performed at the 
infrared beamlines of the synchrotrons at ANKA in Karlsruhe, Germa-
ny and at NSLS. The brilliance of the synchrotrons enables us to obtain 
accurate data in the FIR spectral range, even on mm-sized samples.

Figure 1 shows the real part σ
1 
of the c axis optical conductivity of 

Bi2223 at the three doping levels. The most prominent feature is the 
broad absorption band around 500 cm-1, which appears below T

c
 and 

grows rapidly with decreasing temperature. The center of this band 
shifts towards higher frequencies with increasing doping. A similar 
band was previously identified in the bilayer compounds YBa

2
Cu

3
O

7-δ 
and Bi

2
Sr

2
CaCu

2
O

8
 where it has been attributed to a transverse Joseph-

Alexander Boris 
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Figure 1. Real part, σ
1
(ω), of the FIR c axis 

conductivity of Bi2223.

Figure 2. (a) Sketch of the SC induced change 
of the FIR conductivity (a) for classical 
materials with a s-wave SC order parameter. 
(b) as observed in Bi2223.

Figure 3. (a) Relative SW changes of the phonons 
at 360 cm-1 (red squares) and 400 cm-1 (blue 
squares) with decreasing temperature. (b) 
Calculated oxygen bond-bending A

2u
 eigenmodes 

of Bi2223. (c) Schematic representation of the 
charge density fluctuations associated with the IR 
active plasma mode and the related local electrical 
field in the normal and SC states in the frequency 
range of the bond-bending modes.

son-plasma resonance (t-JPR). The SW of this feature in Bi2223 is very 
large and causes a considerable increase in the FIR-SW below T

c
. This 

apparent increase in the SW is certainly not expected for any conven-
tional SC where the FIR-SW should be removed and transferred to 
the δ-function at zero frequency (Figure 2a). Figure 2b shows the SC 
induced change of the FIR conductivity in Bi2223. The data represent 
a striking manifestation of the violation of the FGT sum rule. They 
highlight that a significant amount of SW is transferred from higher 
frequencies to the absorption band near 500 cm-1. We emphasize that 
within the Josephson superlattice model (JSM) the SW of the t-JPR 
belongs to the SC condensate as much as the one of the δ-function at 
zero frequency. 

Figure 1 shows that the t-JPR formation is also associated with an 
anomalous temperature dependence of the phonon modes. Particularly 
interesting are the contrasting T dependences of the modes at 360 and 
400 cm-1. As shown in Figure 3a, the mode at 360 cm-1 loses a signifi-
cant amount of its SW below T

c
, while the latter one gains in the SW. 

Both phonons are oxygen bond-bending modes with the eigenvector 
diagrams in Figure 3b. Their contrasting behavior is explained by the 
JSM. Figure 3c shows the charge dynamics corresponding to the t-JPR, 
where κ(ω) denotes the charge density that alternates from one outer 
plane to the other. The onset of the Josephson currents j

l 
and j

2 
between 

the CuO
2
 layers below T

c
 can lead to a significant change of the dynam-

ical local electric field inside the trilayer, E
1
, inside the spacing layer that 

separates the trilayers, E
2
, and at the outer CuO

2
 layers, E

3
. The strength 

of a given phonon mode is determined by the local field at the par-
ticipating ions participating and by the mode polarizability. The main 
difference between the oxygen bond-bending modes is in the relative 
phase and amplitude of the inner and outer-plane oxygen vibrations: 
The mode at 360 cm-1 consists predominantly in the oxygens’ vibration 
in the outer CuO

2
 planes (O1), and the latter one involves vibrations in 

the middle CuO
2
 (O4) plane. Following this model, we estimate that 

the average magnitude of E
3 
at O1 ion sites is strongly suppressed below 

T
c
, while the magnitude of E

1 
inside the trilayer at O4 sites increases. 

The local field effect leads to the observed behavior of the oxygen bond-
bending modes in the SC state. These phonon anomalies clearly reflect a 
transition from a confined state (incoherent intra-trilayer conductivity) 
to a state where the CuO

2
 planes are Josephson-coupled. They demon-

strate that, in the SC state, the local electric field can exhibit enormous 
unit cell variations.
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Common oxide glasses are transparent solids known for their inertness and 
stability. By contrast, their chalcogenide analogs (i.e. sulfides, selenides, and 
tellurides) exhibit unexpected sensitivity to bandgap light, leading to several 
novel photoinduced effects. Particularly fascinating are the anisotropic effects 
created in their random structure by the polarized light. The in situ EXAFS 
experiments at NSLS provide the first atomistic evidence of the origin of 
such structural changes where the local structure around Se in an arsenic 
selenide glass film expands anisotropically, depending on the polarization of 
the laser beam.

The exposure of solids to light leads to a number of important chemical 
reactions and physical phenomena in nature as well as in modern tech-
nology, e.g. photography, xerography, holography, photopolymeriza-
tion, photosynthesis of plants, etc. In general, light interacts with a solid 
through its electronic states, which depend upon the constituent atoms 
and structure of the material. Light-induced change in the atomic 
structure involving displacement of atoms is unusual, except in spe-
cial cases of disordered materials, including polymers and glasses. Such 
changes, when they occur, are expected to depend on the intensity and 
wavelength (λ) of light. However, recently light-induced mass transport, 
photocrystallization, and an opto-mechanical effect have been reported 
on glassy chalcogenide films, which imply a change in the atomic struc-
ture that depends also on the polarization of light. Atomistic, chemical 
specific experimental evidence about such changes has been missing. 
These so-called vector effects (because they depend on the direction of 
the electric field vector of light) are particularly intriguing because the 
starting structure of the unilluminated films is amorphous and isotro-
pic. 

To obtain atomistic insight into the light-induced structural changes 
that cause the newly discovered vector effects in chalcogenide glasses, it 
is necessary to have an experimental technique that is capable of prob-
ing the element-specific structure of amorphous materials in different 
directions as defined by the polarized laser beam. The extended x-ray 
absorption fine structure (EXAFS) analysis, which is conducted with a 
synchrotron light source, satisfies these requirements. Synchrotron light 
sources provide not only high-intensity but also polarized X-rays, which 
are essential for detecting anisotropic structures. 

In the present work, the Lehigh University researchers, in collabo-
ration with colleagues from Ohio, Pardubice (Czech Republic), and 
Cambridge (UK) universities and BNL, have used EXAFS analysis with 
polarized X-rays (in which the electrical field vector E

X
 // the ground 

plane) to probe the changes in the structure around Se and As atoms, 
and track the laser-polarization dependence of these changes in arsenic 

Authors (from left): H. Jain, G. Chen, and M. 
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selenide glasses. The experiments were performed at NSLS beamline 
X18B; the schematic for in situ observations is shown in Figure 1. A 
helium-neon laser beam (λ=633 nm) intercepts the X-ray beam on the 
sample. A half wave plate is used to change the polarization 
direction of the laser beam (identified by its electric field vec-
tor, E

L
) so that E

L
 // E

X
 or E

L
 ⊥ E

X
. Two different spots of the 

same sample were separately illuminated by two orthogonal, 
linearly polarized laser beams, and the structural changes were 
probed in situ by the X-ray beam. 

Figure 2 shows an example of the light-induced structural 
changes for the two polarization directions of the laser beam. 
There is an expansion of the nearest-neighbor distance 
around the Se atoms - its magnitude depends on the direction 
of light polarization with larger expansion being observed 
when E

L
 // E

X
 than when E

L
 ⊥ E

X
. Thus a vector structural 

change is observed directly for the first time for any amor-
phous material. The authors believe that the anisotropic local expansion 
around Se atoms occurs as the bandgap laser light excites and reorients 
the Se 4p lone pairs, and helps form anisotropic As-Se bonds. Their 
experiments provide an atomistic view of photo-induced vector 
phenomena in chalcogenide glasses, and guide the discovery of new 
materials with enhanced light-induced effects for photonic applications.

Figure 1. In situ EXAFS setup for studying 
laser-polarization-dependent photostructural 
changes. The amorphous As

2
Se

3
 film is 

irradiated with light of approximately the 
bandgap energy from a He-Ne laser (λ= 633 
nm) and simultaneously observed by X-rays 
from the synchrotron. A half wave plate 
controls the polarization direction of the 
laser beam. HP: horizontal polarization. VP: 
vertical polarization.

Figure 2: Effect of in situ laser irradiation 
on the interatomic distance from Se in 
amorphous As

2
Se

3
 film. Note a greater 

photoexpansion when E
L
 // E

X
 than when 

E
L
 ⊥ E

X
. AP: as prepared; ON: laser beam is 

turned on; OFF: laser beam is switched off.
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Magnetoelectronics is an emerging field of electronics in which electron spin 
is used to control the properties of magnetic devices. More specifically, these 
devices exploit the imbalance of spin-up and spin-down conduction electrons 
in ferromagnetic materials. Band structure theory predicts that Heusler 
alloys, which are either Co

2
MnSi or Co

2
MnGe, have a complete spin 

imbalance in the conduction band. But the actual spin imbalance in bulk 
and thin film samples does not exceed 60, which might be explained by the 
swapping of lattice positions between cobalt and nickel atoms. We have used 
synchrotron and neutron techniques to confirm that extensive site-swapping 
occurs in Heusler alloys.

Magnetoelectronic devices have been proposed for a wide variety of 
applications, including magnetic recording, magnetic field sensors, and 
nonvolatile memory. The magnetoelectronic devices with the greatest 
economic impact have been hard disk read heads, which read signals 
encoded on a magnetic disk or tape. These read heads exploit the giant 
magnetoresistance (GMR) effect, which is the change in the electrical 
resistance of a material when it is subject to the application of a mag-
netic field.

A GMR device consists of ferromagnetic layers separated by a metallic 
layer, as shown in Figure 1. The resistance of the device varies according 
to how the two ferromagnetic layers are aligned with each other. In the 
low resistance state, the magnetic moments of the ferromagnetic layers 
are in the same direction and electron transport through the sample is 
enhanced because a spin-up transport electron in one ferromagnetic 
layer is more likely to find a same-spin state to scatter into in the other 
ferromagnetic layer. In the high resistance state, the two ferromagnetic 
layers are anti-aligned and electron transport is diminished.  

A magnetic storage medium stores bits as magnetic grains whose spins 
point in opposite directions. So, as the read head passes over the me-
dium, the spins of the bottom layer of the read head aligns to the spins 
of the magnetic grains, changing their resistance and thus reading the 
bits in the magnetic grains.

Currently, GMR read heads are made of ferromagnets composed of 
cobalt, nickel, iron, or an alloy. The read heads’ efficiency is limited by 
the relatively small spin imbalance of 40 percent. With 100 percent 
spin imbalance – as predicted by band theory – Heusler alloys would be 
attractive candidates for future GMR devices that would be smaller and 
would feature an increased surface density. In practice, Heuslers have 
spin imbalances of around 55 percent.  

Band theory predicts that this imbalance would be reduced if the man-
ganese and cobalt atoms swapped their lattice positions (Figure 2), an 
effect also called anti-site disorder. Using neutron diffraction on bulk 

Authors (from left): Bruce Ravel and Marc Raphael
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Co
2
MnSi, we found that about 15 percent of the manganese sites are 

occupied by cobalt. But neutron diffraction is impractical for the small 
sample volumes required for GMR devices. So we turned to synchro-
tron techniques to measure the anti-site disorder.

We used a technique called extended x-ray absorption fine struc-
ture spectroscopy (EXAFS) at NSLS beamlines X23B and X23A2 
on powdered and thin film samples of Co

2
MnSi. We found that 

about 15 percent of manganese sites are occupied by cobalt. 

Because the photoelectron scattering amplitudes of cobalt and 
manganese are so similar, the anti-site disorder is measured with 
very poor precision by EXAFS. So we next turned to anomalous 
x-ray diffraction, and we were able to measure anti-site disorder 
in Heusler alloys in sample volumes comparable to those found in 
magnetoelectronic devices. 

By using synchrotron measurement techniques, we sccessfully 
characterized a dominant form of disorder that limits the application of 
Heusler alloys to GMR devices.

Additional Publication: 

B. Ravel et al. “Atomic disorder in Heusler Co
2
MnGe measured by 

anomalous x-ray diffraction,” Appl. Phys. Letts., 81, 15, 2812 (2002).

Figure 1. A giant resistive read head used 
in magnetic storage media consists of two 
ferromagnetic layers separated by a metallic 
layer. When the spins of the two ferromagnets 
are parallel (top), conduction electrons can 
easily scatter through the heterostructure, 
resulting in a low resistance. When the spins 
are anti-parallel, the resistance is high.

Figure 2. Crystal structure of the Heusler 
alloy Co

2
MnSi.
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The perovskite-related material CaCu
3
Ti

4
O

12
 has a very high static di-

electric constant ε
0
~104 at room temperature, which drops to about 100 

at low temperature. Substituting Cd for Ca reduces the room temperature 
value by over an order of magnitude. The origin of the large ε

0
 is not fully 

understood, but may be due to an internal barrier layer capacitance (IBLC) 
effect. Infrared measurements on the Ca and Cd compounds show dramatic 
changes in the nature of the normal modes at low temperature, suggesting 

that increasing electronic localization may lead to a breakdown of the 
IBLC effect.

Materials with large dielectric constants are highly sought after 
in the microelectronics industry for use in memory devices; the 
static dielectric constant ε

0
 acts as a scaling factor and ultimately 

determines the level of miniaturization. One of the most com-
monly used dielectric materials is silicon nitride with ε

0
~7; mate-

rials with ε
0
>7 are generally referred to as high-dielectric constant 

materials. It was recently noted that the cubic perovskite-related 
material CaCu

3
Ti

4
O

12
 shown in Figure 1 had a tremendously 

high dielectric constant at room temperature, ε
0
~104, which showed 

little temperature dependence until about 100 K, below which it de-
creased by nearly two orders of magnitude to ε

0
~100, shown in Figure 

2a. The substitution of Cd for Ca results in a large reduction of ε
0
, 

shown in Figure 2b. It was initially suggested that this large value for 
ε

0
 was a purely extrinsic effect due to Maxwell-Wagner-type depletion 

layers forming between the sample and the metal contacts used in the 
capacitive measurements of ε

0
 in the kHz range. This effect has indeed 

been observed in a number of different materials. However, the addi-
tion of a thin a buffer layer of a dielectric with well-known electrical 
properties (aluminum oxide) has demonstrated that the large value for 
ε

0
 persists in these materials, and is therefore a property of the bulk. 

The dramatic drop of ε
0
 at low temperature is curious because it is not 

accompanied by any change in the long-range crystallographic structure 
when probed by high-resolution x-ray and neutron powder diffraction. 
In ferroelectric materials, large changes in ε

0
 are usually accompanied 

by a structural distortion and soft-mode condensation.

Infrared (IR) spectroscopy is a powerful tool to study the lattice vibra-
tions in insulators, in particular soft-mode condensation. The large 
change in ε

0
 and the absence of any structural distortion suggested that 

the normal modes should be examined. The temperature dependence 
of the reflectance was determined over a wide frequency range using the 
spectrometer at NSLS beamline U10A and the complex optical proper-
ties determined from a Kramers-Kronig analysis. The real part of the 
dielectric function ε

1
 is shown in Figures 3a and 3b for CaCu

3
Ti

4
O

12
 

and CdCu
3
Ti

4
O

12
, respectively, at a variety of temperatures in the 

infrared region. The dielectric function is dominated by the infrared ac-
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tive lattice modes. (The units of cm-1 are commonly used in IR spectros-
copy, 1 THz = 30 cm-1.) While these experiments are done in the THz 
range, the low-frequency value for ε

1
 agrees with the values for ε

0
 (kHz) 

at low temperature. It is clear from Figure 3 that ε
1 
at low frequency is 

also increasing at low temperature. Fits to simple Lorentzian oscillators 
describe these features quite well and indicate that many of the vibra-
tional modes are gaining strength at low temperature, a violation of the 
partial f-sum rule for oscillators. From this result, it may be inferred that 
the Born effective charge on the atoms is changing and that the mate-
rial is becoming more ionic. We (along with others) have speculated 
that the large value of ε

0
 is due to an internal barrier layer capacitance 

(IBLC) effect due to extensive twinning or grain boundaries. This view 
is consistent with impedance spectroscopy that indicates these materi-
als may be described as semiconducting regions separated by insulating 
barriers. The increase in ionicity implies increasing charge localization 
at low temperatures. This localization may lead to an increase in the size 
of the insulating regions and a commensurate reduction of ε

0
 within the 

IBLC picture, suggesting that the large value for ε
0
 is, at least in part, 

due to “extrinsic” effects.

Figure 1. The unit cell of body-centered cubic 
CaCu

3
Ti

4
O

12
, which consists of two formula 

units. The Ti atoms sit at the center of canted 
TiO

6
 octahedra (the tilt angle is nominally 

141o), with bridging Cu atoms and large Ca 
atoms sitting at the center and corners of the 
unit cell.

Figure 2. The temperature dependence of 
the real part of the dielectric constant of (a) 
CaCu

3
Ti

4
O

12
 and (b) CdCu

3
Ti

4
O

12
 ceramics 

for several fixed frequencies.

Figure 3. The temperature dependence of 
the real part of the dielectric function for (a) 
CaCu

3
Ti

4
O

12
 and (b) CdCu

3
Ti

4
O

12
 in the 

infrared region.
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Electronic Structure of Thin Film Silicon  
Oxynitrides Measured Using Soft X-Ray 
Emission and Absorption Spectroscopies
C. McGuinness1, D. Fu1, J.E. Downes1, K.E. Smith1, G. Hughes2, and J. 
Roche2 
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The elementally-resolved valence band electronic structure of a thin film 
silicon oxynitride gate dielectric used in commercial device fabrication 
has been measured using soft x-ray emission and absorption spectroscopies. 
Specifically, the valence and conduction band partial density of states in the 
interfacial region of both the nitrogen and oxygen states was determined. 
The element-specific band gap for the O 2p states was measured to be 8.8 
eV in the interfacial region, similar to that of pure SiO

2
. However, the band 

gap for the N 2p states in the interfacial region was measured to be approxi-
mately 5 eV.

The material properties of SiO
2
 gate dielectric are crucial to the behav-

ior of metal-oxide-semiconductor field effect transistors. SiO
2
 possesses 

a relatively low dielectric constant, which leads to increased leakage cur-
rents in submicron devices. One favored replacement dielectric material 
currently in use is SiO

x
N

y
 (silicon oxynitride). While much progress 

has been made in understanding both the process of oxynitride film 
formation and the macroscopic dielectric and device properties of these 
films, the basic electronic structure of the nitrogen-rich interfacial layer 
remains poorly understood. We have made the first direct measure-
ment of the element-specific O 2p and N 2p valence and conduction 
band partial densities of states for an ultrathin commercial SiO

x
N

y
 layer. 

The measurements were made using synchrotron radiation-excited soft 
x-ray emission (SXE) spectroscopy and soft x-ray absorption (SXA) 
spectroscopy on beamline X1B at the NSLS. SXE is a unique probe 
of the bulk element-specific electronic structure of solids. SXE spectra 
reflect the occupied valence band partial density of states (PDOS — the 
valence band density of states resolved into its orbital angular momen-
tum components). SXE measurements are also element-specific and are 
bulk-sensitive, with a sampling depth of well over 100 nm. Finally, as a 
“photon in - photon out” spectroscopy, SXE can be used to make elec-
tronic structure measurements on insulating samples, such as SiO

x
N

y
. 

Thus, SXE is in many ways a more useful probe of buried interfaces 
than photoemission spectroscopy, which, as a “photon in - electron out” 
spectroscopy, typically measures the electronic structure of solids within 
less than 1 nm of the vacuum-solid interface. Our SXE measurements 
were made with a Nordgren-type grating spectrometer, which is the 
only one of its kind at the NSLS.

The silicon oxynitride samples under investigation in this study were 
device-grade materials, where the nitration treatment consists of anneal-
ing the pre-grown SiO

2
 in an NH

3
 environment at elevated tempera-

tures. This treatment results in a non-uniform distribution of nitrogen 
in the layer, with preferential build-up at both the Si-SiO

2
 interface and 

the outer surface. 

Figure 1 shows the N 2p PDOS for SiO
x
N

y
 as measured in this experi-
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ment. Also shown are SXE spectra from bulk  A -Si
3
N

4
 and gas phase 

N
2
. The ability of SXE and SXA to measure the elementally-resolved 

band gap in solids is immediately clear from Figure 1. The N 2p-de-
rived band gap for SiO

x
N

y
 is approximately 5 eV, which is 

much less than the 8.8 eV for bulk SiO
2
. Such elementally-

resolved measurements are not possible using photoemis-
sion spectroscopy, which is the standard probe of solid-state 
electronic structure. 

Figure 1. N K edge SXE and SXA spectra 
from the SiO

x
N

y
 sample. The SXE spectrum 

reflects the occupied density of electronic 
states of N 2p character, while the SXA 
spectrum reflects the unoccupied density 
of electronic states of N 2p character. The 
SiO

x
N

y
 SXE spectrum was obtained with an 

excitation energy of 435 eV. The N K edge 
SXE spectra obtained from   -Si

3
N

4 
(G. Wiech 

and A. Simunek, Phys. Rev. B 49, 5398 
(1994)) and molecular N

2
 (Glans et al, J. Elec. 

Spec. Related Phenom. 82, 193 (1996)) are 
also shown. 
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Synchrotron X-Ray Fluorescence microanalysis (SXRF) was used to test the 
accuracy of dendroanalytical data using willows (Salix nigra L.) collected 
from an eroding U- and Ni-contaminated former settling pond and the 
impacted area downstream. Increases in background Ni concentration and 
enrichment in specific annual rings were in good agreement with contami-
nant history. High resolution spatial analysis showed that ring boundaries 
sharply separated differentially enriched annual rings, and revealed both a 
discrete and diffuse Ni distribution thought to be consistent with Ni trans-
port within and binding to vessel elements in woody tissue, respectively.

Dendroanalysis, the measurement of the chemical composition of a 
tree’s annual rings for retrospective biomonitoring, is a controversial 
area of study. For metals, the accuracy of the environmental record is 
based on the assumption that elemental distribution remains stable, 
however, reports of metal mobility have questioned this. Techniques ca-
pable of providing spatially-resolved elemental composition data, such 
as Synchrotron X-ray Fluorescence microanalysis (SXRF), can consid-
erably enhance our understanding of metal transport and distribution 
within tree rings. In order to test the accuracy of dendroanalysis, annual 
rings from trees with a well-documented contaminant history, where 
metal concentrations have fluctuated in recent years, were investigated 
using SXRF at the dedicated microprobe beamline, X26A.

Steed Pond functioned as a de facto settling basin for uranium (U) 
and metal wastes discharged to a stream from a nuclear target and fuel 
fabrication facility on the Savannah River Site between 1954-1985, 
effectively retaining U (natural and depleted), Ni, Cu, Zn, and Al in its 
pond sediments. When the enclosing spillway breached in 1984, the 
water level fell and a pulse of contaminated sediments moved down-
stream, being redeposited in Lower Tims Branch; a process that contin-
ues during seasonal storms. We investigated whether willows collected 
from the contaminant source and sink areas, found to contain elevated 
metal concentrations in their leaves, contained the geochemical signa-
ture of contaminants in their annual rings.

Tree core samples were collected from Steed Pond and Lower Tims 
Branch, dated and analyzed using SXRF. One-dimensional line scans 
collected X-ray fluorescence data along the length of the core samples, 
from pith to cambium, to show changes in metal concentration 
throughout the lifetime of the trees. We found that samples from Steed 
Pond (source) contained higher concentrations of Ni than those col-
lected from Lower Tims Branch (sink), indicating that SXRF can be 
used to provide quantitative data. Samples collected from Lower Tims 
Branch, pre-dating the spillway breach, clearly showed a large pulse in 
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Ni, Cu, and Zn in 1985, and again in 1991 (Figure 1), correlating with 
known contaminant pulses. In agreement with previous bioavailability 
studies, U was not detected in any of the samples. 

Two-dimensional elemental maps of Ni closely 
resembled digital images of annual rings (Figure 
2), and annual ring boundaries sharply separated 
differentially Ni-enriched zones. Elucidating this 
required a rigorous sample resolution and coverage, 
entailing a focused X-ray beam (10 × 15 µm) and 
small step size (30 µm); approximately 125,000 
data points. Closer observation of the Ni-enriched 
ring revealed sporadically distributed, exclusively 
Ni-containing features, approximately 10-20 µm 
in diameter (Figure 3). Using the digital imaging capabilities at X26A, 
we could see this was a non-structural Ni-enriched substance within the 
lumen of vessel elements. Contrasting intense and diffuse Ni distribu-
tions may conceivably arise from Ni transport within and binding to 
annual rings, respectively, and are the subject of continued investigation 
using Size-Exclusion Chromatography and X-Ray Absorption Near 
Edge Spectroscopy (XANES).

This study demonstrates that micron-scale heterogeneity of metal 
distribution in the vascular system of woody plans can provide 
misleading data, but that the more rigorous two-dimensional 
elemental imaging obtainable with SXRF allows an accurate inter-
pretation of dendroanalytical data with minimal sample prepara-
tion.

Figure 1. One-dimensional line scan of the 
Ni concentration (mg kg-1 d. wt) within 
annual rings of Salix nigra L. (black willow) 
collected from Lower Tims Branch referenced 
against the annual ring positions. Inset shows 
summarized control data.

Figure 2. Digital photograph and 
compositional map of Ni fluorescence counts 
in the annual rings of Salix nigra L.

Figure 3. Discrete area of concentrated Ni 
distribution (shown as mg kg-1), compared to 
digital photograph of the corresponding area, 
showing open ends of vessel elements and the 
location of the Ni feature. 
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Mechanisms of Selenate Adsorption on Iron 
Oxides and Hydroxides
D. Peak1 and D.L. Sparks2 

1University of Saskatchewan; 2University of Delaware

Selenium is a naturally occurring element that occurs in rocks and soil and 
can also be released by manufacturing processes. In the environment, seleni-
um combines with oxygen to form many different molecules, such as selenate 
(SeO

4
2-), which is known to bind to ferric oxides and hydroxides. Because of 

selenate’s toxicity to animals and its mobility in the soil, the mechanism of 
selenate adsorption on iron oxides has been the subject of intense debate. Re-
searchers from the University of Delaware have determined selenate bonding 
mechanisms on hematite (α-Fe

2
O

3
), goethite (α-FeOOH), and amorphous 

iron hydroxide (Fe(OH)
3
).

Selenate (SeO
4
2-) is the fully oxidized form of selenium, an essential mi-

cronutrient for plant growth. When soil selenate levels are high, it often 
accumulates in plants and can then prove toxic to animals that ingest 
this vegetation. Alternatively, deficiency symptoms are commonly seen 
in animals when selenium levels in plants are low. So, understanding the 
chemistry of selenate in soils is important for minimizing potentially 
hazardous environmental effects on animal populations.

In soils and sediments, selenate preferentially reacts with ferric [Fe(III)] 
oxides and hydroxides. However, the mechanism of selenate binding 
on iron oxides has been the subject of intense debate. Some researchers 
have proposed that the bonding is electrostatic and weak, while oth-
ers have proposed that covalent chemical bonds form between selenate 
and iron oxides. The nature of bonding can have a large effect on the 
transport and availability of selenate in the environment, so we decided 
to investigate this adsorption mechanism when selenate binds to hema-
tite (α-Fe

2
O

3
), goethite (α-FeOOH), and amorphous iron hydroxide 

(Fe(OH)
3
). 

The objectives of our work were to determine the effects of pH (the 
concentration of protons in solution), surface loading, and ionic 
strength (an average of the concentrations of the ions present) on sel-
enate adsorption mechanisms. Hematite, goethite, and amorphous iron 
hydroxide were chosen due to their important differences in structure 
and their common occurance in soils.

Extended x-ray absorption fine structure (EXAFS) was the primary 
spectroscopic tool chosen due to its suitability to determine local 
bonding environments of selenate on all three sorbents. EXAFS spectra 
were collected at the selenium K-edge at beamline X11A. Additional 
information about selenate adsorption mechanisms on hematite was 
obtained using attenuated total reflectance-Fourier transform infrared 
(ATR-FTIR) spectroscopy.

Selenate forms different surface complexes on iron oxides, depending 
upon pH, ionic strength, and iron oxide structure. On hematite, we 
noticed that selenate ions directly interact with iron, with no intermedi-
ate water molecules present, a structure called an inner-sphere complex. 
Also, the adsorbed selenate ions form single covalent bonds (formed by 
sharing electrons) with the surface, a process known as monodentate. 
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These inner-sphere monodentate complexes were observed at all pH 
and ionic strength values considered in the study. 

On goethite and amorphous iron hydroxide, we noticed that selenate 
forms outer-sphere complexes, in which a water molecule is 
positioned between each selenate and iron atom, at pH val-
ues of 6 (slightly acidic) and above (alkaline). For pH values 
between 3.5 and 6 (acidic), we noticed a mixture of outer- 
and inner-sphere monodentate complexes. ATR-FTIR 
spectroscopy also suggests that some hydrogen bonding is 
present in this inner-sphere complex.  

The EXAFS spectra are shown for aqueous selenate (pH 4) 
and selenate adsorbed on goethite at pH values of 6 and 3.5 
in Figure 1. A schematic representation of the outer- and 
inner-sphere monodentate complexes is provided in 
Figure 2.

This study and others have shown that outer-sphere and 
inner-sphere complexation often occur simultaneously. We 
noticed that changes in the relative importance of different surface com-
plexes depend on the pH and ionic strength of the solution containing 
the sorbent, as well as on the nature of the sorbent. So, to adequately 
characterize selenate reactivity at the molecular level, we consider it 
is necessary to conduct EXAFS studies over a wide range of reaction 
conditions and with a range of minerals. Such studies are expected to 
produce a far clearer picture of how selenate, and oxyanions in general, 
reacts under constantly changing conditions in the natural world.

Figure 1. Selenium K-edge extended x-ray 
absorption fine structure (EXAFS) spectra 
of aqueous selenate, selenate adsorbed on 
goethite at pH = 6.0 (outer-sphere surface 
complex), and selenate adsorbed on goethite 
at pH = 3.5 (inner-sphere surface complex).  

Figure 2. Bonding of selenate on goethite 
derived from EXAFS and attenuated total 
reflectance-Fourier transform infrared 
(ATR-FTIR) spectroscopy. (A) Outer-sphere 
complex (water molecule positioned between 
selenate and the iron atom); (B) Inner-sphere 
(no water molecule is positioned between 
selenate and the iron atom) and monodentate 
(shared electrons between selenate and the 
iron atom) complex.

Monodentate with H-bonding 
to adjacent site

Outer-sphere



  

SCIENCE HIGHLIGHTS         2-572-56       GEOLOGICAL & ENVIRONMENTAL SCIENCES

Trapping Hydrogen in Ice
W.L. Mao1,2, H.-k. Mao2, A.F. Goncharov2, V.V. Struzhkin2, Q. Guo2, J. Hu2, J. 
Shu2, R.J. Hemley2, M. Somayazulu3, and Y. Zhao4

1Department of the Geophysical Sciences, University of Chicago; 2Geophysical Labora-
tory, Carnegie Institute of Washington; 3HPCAT, Advanced Photon Source, Argonne 
National Laboratory; 4LANSCE, Los Alamos National Laboratory

Until recently, scientists thought that molecular hydrogen was too small to 
be contained in clathrate hydrates — crystalline solids made of a crystalline 
lattice of water molecules enclosing molecules of another substance, usually 
a noble gas. Using x-rays produced at beamline X17B, scientists from the 
University of Chicago and the Carnegie Institution of Washington have 
reported the formation of a hydrogen clathrate hydrate – in which hydrogen 
molecules are completely enclosed in a lattice of water molecules – that is 
quenchable to ambient pressure at temperatures below 110 K. This material 
may have implications for research in hydrogen fuel storage, superfluidity, 

and astrophysics.

Hydrogen molecules are considered to be too small to be en-
closed in one of four possible structures of clathrate hydrates, 
compounds in which molecules of a substance are completely 
enclosed within the crystal structure of water. The three clath-
rate structures that do not include hydrogen molecules are 
denoted sI, sII, and sH. Instead, hydrogen molecules have been 
found to fill small cavities in ice II and ice Ic at high pressures. 

We have synthesized a hydrogen hydrate with the classical sII 
structure (HH-sII) and a high hydrogen:water ratio (= 0.45 ± 
0.05). This high ratio shows that, unlike most clathrate hy-
drates, where only one molecule of a gas can be trapped inside 

the clathrate cage, many hydrogen molecules are entrapped in two types 
of cages (a small and a large one) within each clathrate compound. Two 
hydrogen molecules are enclosed in the small cages and four in the large 
cages (Figure 1). 

HH-sII is stable or metastable – unstable in the absence of certain 
conditions that would induce stability – to ambient pressure and low 
temperature after initial synthesis at moderate pressure. We compressed 
a mixture of hydrogen and water to 180–220 megapascals (about 2,000 
times the atmospheric pressure) at 300 K in a diamond anvil cell, which 
separated the samples into two regions: a hydrogen bubble and liquid 
water. We noticed that, upon cooling to 249 K, the two fluids reacted 
and formed a single, solid compound. 

Using energy dispersive x-ray diffraction (EDXD) at beamline X17B, 
we observed 21 diffraction peaks at 220±30 megapascals and 234 
K (Figure 2). The EDXD pattern reveals that the formed clathrate 
contains a face centered cubic (fcc) unit cell with a = 17.047 ± 0.010 
angstrom, in excellent agreement with the sII clathrate. We attri-
bute two hydrogen molecules to each pentagonal dodecahedron cage 
(structure with 12 pentagon faces) and four hydrogen molecules to each 
hexakaidodecahedron cage (structure with four hexagon faces and 12 
pentagon faces).  

Once HH-sII was synthesized at 200 megapascals, it showed remark-
able stability or metastability and persisted to 280 K upon warming. 
The clathrate was also cooled to 78 K, and then pressure was released 
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completely. This sample was then exposed to vacuum in the cryostat, 
and the clathrate remained (did not decompose). The large hydrogen 
storage capacity and stability of HH-sII at ambient pressure make it a 
potential hydrogen fuel storage material. 

Since HH-sII can be synthesized at a pressure of more than 180 mega-
pascals, which is within the range of interior conditions of small, icy 
satellites, this clathrate could hold hydrogen to high temperatures in 
bodies which were previously thought to be incapable of retaining 
hydrogen.  

The kinetics of possible in-situ formation of HH-sII at low-pressure 
interstellar conditions has not yet been explored. But this clathrate 
could be grown epitaxially (growth upon the surface of another crystal) 
on substrates of other sII clathrates or by annealing (heating to remove 
or prevent internal stress) hydrogen in amorphous ice. The intriguing 
physics and chemistry of filling large cages with clusters of small mol-
ecules also opens new directions in clathrate and ice research.  

Confining hydrogen molecular clusters in cages also provides a new 
means for studying novel interactions and quantum effects, such as the 
proposed superfluidity and Bose-Einstein condensation of hydrogen 
molecular clusters.

Figure 1. (Top) sII crystal structure consisting 
of large and small cages. (Bottom left) A 
tetrahedral cluster of four hydrogen molecules 
in a large cage. (Bottom right) A cluster of 
two hydrogen molecules in a small cage.

Figure 2. Energy dispersive x-ray diffraction 
pattern of HH-sII at 220 megapascals and 
234 Kelvin (2q = 4.50 degrees). The Miller 
indices, h, k, and l are marked on each peak. 
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Zinc and Cadmium Associations with Reduced 
Forms of Sulfur in Organic Matter-Rich 
Aerobic Soils
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W.F. Bleam3

1The Pennsylvania State University; 2Cornell University; 3University of Wisconsin, 
Madison

Unusually high natural concentrations of zinc and cadmium have often 
been associated with soils high in organic matter and sulfur. For example, 
the soils from the Manning region of Western New York and from Guelph 
in Ontario concentrate zinc and cadmium by biogeochemical processes using 
sulfur. Scientists at The Pennsylvania State University in University Park, 
Cornell University in Ithaca, New York, and the University of Wisconsin 
in Madison have determined the oxidation states of sulfur in bulk soils, the 
distribution of these two metals in soil particles, and their solubility, toxicity, 
and bioavailability. The researchers used spectroscopic, chemical, and bioas-
say approaches and illustrated how the macroscopic behavior of metals in 
soils can be explained by knowledge of their forms at the microscopic scale.

Peat deposits, such as those overlying the dolomite bedrock that extends 
from eastern New York State into Ontario in Canada (Figure 1), 
contain unusually high concentrations of metals, such as zinc and cad-
mium, leading to potentially hazardous concentrations of cadmium in 
some crops. Scientists have determined that soluble zinc entered these 
wetlands by drainage and groundwater emanating from weathering 
dolomite [CaMg (CO

3
)

2
].

One possible concern with these metalliferous peats is the release of 
sulfur-bound cadmium and zinc during natural weathering conditions 
or when the bogs are drained for agricultural use. For example, in the 
Manning peatlands of western New York, this situation appears to 
have arisen as toxic metals were detected in vegetable crops in the early 
1940s, not long after the bogs were drained for agriculture. Very high 
concentrations of zinc were measured in the plant shoots of some fields.

We recently collected peat soils from the Manning region and from 
Guelph in Ontario to investigate the processes controlling zinc and 
cadmium solubility, toxicity, and bioavailability in these soils.

Reduced forms of sulfur (compared to their oxidized forms) are poten-
tially important to retain zinc and cadmium in organic soils. By using 
x-ray absorption near-edge spectroscopy (XANES) at NSLS beamline 
X19A, we have shown that 35 to 45 percent of sulfur in these soils 
exists in the most reduced electronic oxidation states 60 years after the 
soils were drained, while less than five percent of sulfur exist in the most 
oxidized forms (Figure 2). Although reduced forms of sulfur are not ex-
pected to prevail in aerobic soils for long periods of time, their presence 
may be the result of anaerobic microenvironments in otherwise appar-
ent oxygen-rich soils, or of slow oxygen diffusion into soil aggregates. 

Another technique called energy-dispersive x-ray absorption (EDX) 
also showed a close spatial distribution between zinc and sulfur in soil 
particles, thus suggesting their chemical association (Figure 3).  But, 
despite this EDX evidence, conventional x-ray diffraction (XRD) analy-
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ses of the bulk soils did not detect a mineral phase of sphalerite (ZnS) in 
any of them.

Chemical data showed that cadmium binds relatively more strongly in 
these sulfur-rich organic soils than in most mineral soils, suggest-
ing that reduced sulfur could be limiting cadmium solubility more 
than zinc. These data also showed that most of the high-zinc soils 
were very toxic to plants, and that such toxicity has persisted for 
decades since the soils were drained.

We have also demonstrated high zinc solubility and plant avail-
ability but relatively low cadmium solubility and plant uptake, 
despite very high soil cadmium concentrations, as well as both low 
mobility and bioavailability of cadmium relative to zinc in these 
soils. 

We conclude that sulfur biogeochemical cycling may play an im-
portant role in zinc and cadmium retention in sulfur-rich organic soils.

Figure 2. X-ray absorption near-edge 
spectroscopy (XANES) spectra for the 
Manning and Guelph soils used in this 
study. The solid line is the experimental 
spectrum, the circles represent the fit to the 
experimental  spectrum, the broken lines are 
the Gaussian curves, and the dotted lines are 
the arctangents.

Figure 3. (A) X-ray maps obtained by energy-
dispersive x-ray analysis (EDX), showing 
the backscattered image and the distribution 
of zinc and sulfur in a soil aggregate of the 
Manning soil containing 15800 milligrams of 
zinc per kilogram (top) and 7230 milligrams 
of sulfur per kilogram (bottom). (B) X-ray 
energy spectra showing the elemental 
composition of the whole aggregate (300-
square-micrometer). (C) X-ray energy spectra 
showing the elemental composition of a one 
square-micrometer area (arrow in panel A) of 
the same soil particle. 

Figure 1. Lockport Dolomite formation: 
extension across New York and Ontario in 
Canada (gray area). The map shows the area 
where the Manning and Guelph peat soils 
were collected.
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Incorporation of Uranium with Iron Oxide 
Minerals
M.C. Duff, J. Urbanik Coughlin, and D.B. Hunter

Westinghouse Savannah River Company

The transport and biological availability of the toxic, radioactive element 
uranium (U) towards reduction to the less soluble U(IV) species may be lim-
ited by co-precipitation with Fe-oxide minerals. We examined the interac-
tion dynamics between U(VI) and iron (Fe) oxides during crystallization by 
synthesizing Fe-oxide phases [0.5-5.4 mole %U/(U + Fe)] using U(VI) and 
Fe(III) solutions. Our studies show that U6+ is incorporated in Fe oxides as 
the uncommon uranate species (without axial O atoms) until saturation is 
reached, whereby U(VI) forms crystalline U(IV)O

2
2+ phases.

The geochemical speciation of uranium (U) influences its movement 
and biological availability in the environment. This information 
is often used to predict nuclear waste repository performance.  
In oxidized environments, U exists as the highly soluble uranyl 
[U(VI)O

2
2+] species with two axial U=O double bonds at ~1.8 Å.  

In contaminated materials, solid phase U(VI) typically exists as the 
uranyl mineral, schoepite [UO

3
·2H

2
O]. Uranium(VI) can also exist 

as the less common uranate solid phase, which has at least three 
single U-O bonds and no axial double bonds. However, uranates 
have not been found in nature. The environmental mobility of U is 
influenced by many processes (Figure 1). Another process that may 
influence U mobility is co-precipitation with other host minerals 

(Figure 1). Uptake of U and other metals occurs during the formation 
of crystalline and amorphous Fe oxides but the local structure of U in 
these oxide materials has not been characterized. 

Leaching of the synthetic U-Fe oxides typically removed most sorbed 
and solid phase U(VI) species, leaving on average ~0.6 mol % U. X-ray 
diffraction and infrared spectroscopic studies (Figure 2A-B) indicate 
that hematite (Fe

2
O

3
) formation is preferred over that of goethite 

(FeOOH) when the U level in the Fe-oxides exceeds 1 mol % U. Our 
studies with unleached U/Fe solids indicate a relationship between the 
mol % U in the Fe oxide, and the existence of the spectral features that 
can be assigned to uranyl species. These spectral features were unde-
tectable in leached solids, suggesting solid phase and sorbed U(VI)O

2
2+ 

species are extracted by leaching. Using uranium X-ray Absorption 
Fine Structure (XAFS) at NSLS beamlines X23A2 and X26A, analyses 
of unleached solids containing <1 mol % U revealed that U(VI) exists 
with four O atoms at radial distances of 2.21 and 2.36 Å and Fe atoms 
at 3.19 Å (Figure 2C). Due to the large size of UO

2
2+ (~1.8 Å) relative 

to Fe3+ (0.65 Å), the UO
2
2+ ion is unlikely to substitute for the Fe. Our 

results indicate that U6+ (~0.72-0.8 Å) is incorporated in the Fe oxides 
as uranate until a point of saturation is reached. Beyond this concen-
tration, excess U precipitates as crystalline U(VI) phases resembling 
schoepite.

In summary, our findings indicate that the long-term association of U 
in the contaminated environment could result in the structural incor-
poration of U in Fe oxide host phases. In nature, precipitation of pure 
U phases should occur at a kinetically faster rate than the structural 
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incorporation of U into Fe oxides. Precipitation of U as pure mineral 
phases should be favored at high dissolved U concentrations, whereas 
sorption and co-precipitation of U are most likely favored at lower U 
concentrations. In aged, U-contaminated Fe-rich soils, up-
take of U by Fe oxides may be significant since ~1 mol % U 
can be incorporated. The importance of these mechanisms 
in U-contaminated materials has not been estimated.

Figure 1. Mechanisms by which U mobility 
can be retarded in the surface and subsurface 
geologic environment. A) Precipitation of 
U(VI) and U(IV) phases. B) Microbial uptake 
(internal or external) of U. C) The sorption 
of U by organic or inorganic material such 
as humic acids and Fe oxides (respectively). 
D) Occlusion of U by clay and metal oxide 
coatings. E) Under reducing conditions, 
the formation of surface rinds of U(IV) on 
U(VI) minerals can also limit U mobility 
because U(IV) solids are less soluble. F) 
Co-precipitation of U with amorphous and 
crystalline host minerals may limit U mobility 
(adapted from Duff, Coughlin and Hunter, 
Uranium Co-precipitation with Fe Oxide 
Minerals. Geochim. Cosmochim. Acta, 66, 
3533-3547 (2002.)

Figure 2. (A) Uranium XAFS spectra (L
3
 

edge) Fourier transform and fit data for the 
U-Fe oxide co-precipitate sample, FeU22. 
Inset: The U XANES spectra (L

3
 edge) for 

U(IV)O
2
, the U(VI) mineral meta-schoepite, 

the FeU2 and FeU22 U-Fe oxide co-
precipitate samples. The XANES spectra for 
uranyl nitrate contained post-edge multiple 
scattering resonance (MSR) features typically 
observed for uranyl-containing solids (data 
not shown). (B) FTIR spectra for hematite, 
the synthetic U-Fe oxide co-precipitates 
(FeU21 and FeU22) and the synthetic mineral 
meta-schoepite. Three of the spectra for the 
samples are adjusted linearly so that their 
absorbance peaks are proportional to that 
of meta-schoepite and (C) Powder X-ray 
diffraction spectra for hematite, the synthetic 
U-Fe oxide co-precipitates and the synthetic 
(adapted from Duff, Coughlin and Hunter, 
2002).
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Coordination Chemistry of Methyl Mercury 
Bound in Natural Organic Matter Using Sulfur 
K-XANES and Mercury L

III
-EXAFS

J. Qian1,2, U. Skyllberg1, W. Frech2, W.F. Bleam3, P.R. Bloom4, and P-E. Petit5

1Swedish University of Agricultural Sciences; 2Umeå University, Sweden; 3University of 
Wisconsin; 4University of Minnesota; 5ESRF, France

Based on results from a combination of X-ray absorption near edge spec-
troscopy (XANES) and extended X-ray absorption fine structure (EXAFS) 
spectroscopy, we conclude that methyl mercury binds exclusively to high af-
finity reduced sulfur groups (RSH) in both stream and soil organic matter. 
Only when the RSH groups are saturated by methyl mercury, do oxygen (or 
nitrogen) groups take part in the bonding. Our results suggest that approxi-
mately 25-35% of reduced sulfur in natural organic matter, as determined 
by XANES, is represented by RSH groups with a high affinity for methyl 
mercury and likely other trace metals with soft Lewis acid properties. 

Combustion of fossil fuels releases mercury into the atmosphere that 
may be long-range transported as Hg0(g). After oxidation to Hg2+, 
mercury is deposited and transformed to methyl mercury (CH

3
Hg) in 

wetlands and soils. Subsequent accumulation of the highly bioavail-
able methyl mercury in organisms (e.g. fish) is a severe environmental 
problem at northern latitudes. In order to understand mechanisms 
behind the formation and decomposition of methyl mercury, as well as 
how it is transported and made available for organisms in soils and wa-
ters, detailed information about the coordination chemistry in natural 
organic matter (NOM) is crucial. We combined sulfur K-edge X-ray 
Absorption Near Edge Spectroscopy (K-XANES) and mercury L

III
-edge 

Extended X-ray Absorption Fine Structure (L
III

-EXAFS) spectroscopy 
in order to determine the coordination chemistry of methyl mercury in 
stream and soil NOM. Sulfur XANES was used to quantify the con-
centration of reduced sulfur groups (Org-S

RED
). The same samples were 

added CH
3
Hg to collect Hg EXAFS at varying Org-S

RED
 / CH

3
Hg 

ratios. 

Figure 1 shows the sulfur XANES spectrum for an organic soil. In the 
raw data spectrum, two large peaks appear: The left one is represented 
by reduced sulfur and the right peak represents oxidized sulfur. Raw 
data were fitted by a series of Gaussian peaks, using a least-square fit-
ting procedure. The two peaks with highest oxidation states (electronic 
oxidation state 5.0 and 6.0) represent sulfonates and sulfate-esters, 
respectively. The red peak (Org-S

RED
) represents sulfur functionalities 

of importance for trace metal binding, having an average electronic oxi-
dation state of 0.2. This peak represents the sum of functional groups 
such as thiol (RSH), disulfane (RSSH), sulfide (RSR), and disulfide 
(RSSR).

Figure 2 shows Fourier-transformed Hg-EXAFS spectra for two NOM 
samples: a peat sample (FP) and dissolved organic substances gently ex-
tracted from an organic soil (PSOS). A comparison with the two peaks 
of the thiol resin model compound, showing a C–Hg bond (within the 
methyl mercury molecule) at 1.6 Å (corresponding to a bond length 
of 2.03 ± 0.02 Å) and a Hg–S bond at 2.0 Å (corresponding to a bond 
length of 2.34 ± 0.03 Å), suggests that CH

3
Hg forms one covalent 

Authors (from left, top): Jin Qian, Ulf Skyllberg, 
(bottom) Wolfgang Frech, and P. Bloom
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bond with RSH groups in the peat and in the PSOS sample. Above a 
certain CH

3
Hg / Org-S

RED
 ratio, oxygen (and possibly nitrogen, which 

cannot be separated from oxygen by EXAFS) functional groups also 
take part in the bonding, due to a saturation of RSH groups. This is 
illustrated by a decrease of the shoulder at 2.0 Å, while the peak at 1.6 
Å is broadened and slightly shifted to 1.7Å for samples with CH

3
Hg / 

Org-S
RED

 ratios of 0.47 and 0.95. The peak at 1.7 Å represents a mix-
ture of C–Hg and Hg–O bonds, the latter having a bond length of 2.09 
± 0.01 Å. Exact coordination numbers and bond lengths were deter-
mined by the fitting of EXAFS data in k-space (not shown here).

In summary, our results show that methyl mercury binds to reduced 
sulfur groups in NOM of humic streams and organic soils. A conse-
quence of the very strong CH

3
Hg–S bond is that practically 100% of 

potentially mobile methyl mercury will be transported together with 
NOM in the aqueous phase and that concentrations of neutral methyl 
mercury forms that may pass biological membranes (e.g. CH

3
HgCl, 

CH
3
HgOH) are extremely low.

Figure 1. Sulfur K-edge XANES spectrum. 
The energy scale is relative to elemental 
sulfur (2472 eV). The raw spectrum was 
deconvoluted into five groups of sulfur 
functionalities with different electronic 
oxidation states (EOS). 

Figure 2. Fourier-transformed EXAFS spectra 
for two model compounds and two NOM 
samples. Spectra were not corrected for phase 
shift.
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Chemical Forms of Zinc in a Smelter-         
Contaminated Soil
A.C. Scheinost1, R. Kretzschmar2, S. Pfister2,  D.R. Roberts3, and D.L. 
Sparks4

1ROBL, European Synchrotron Radiation Facility, France; 2Institute of Terrestrial Ecol-
ogy, ETH Zurich, Switzerland; 3Department of Physics, University of Ottawa, Canada; 
4Department of Plant and Soil Sciences, University of Delaware

Zinc is contained in many objects of our daily life, from baby care products 
to anti-corrosive coatings of cars. Concomitant of its frequent use, zinc is re-
leased into the environment and accumulates in soils. While zinc is benign 
to human health, it is phytotoxic at relatively modest concentrations, thereby 
reducing plant growth. In spite of its importance, relatively little is known 
on the chemistry of zinc in soils. We have used a combination of micro-
scopic, spectroscopic, wet chemistry, and chemometric tools to investigate the 
chemical forms of zinc in a strongly acidic soil near the historic zinc smelter 
at Palmerton, Pennsylvania.

Due to the burning of coal and other fossil fuels, zinc ore smelting and 
processing, and the application of sewage sludge and agrochemicals, 
soils are increasingly contaminated with zinc. In Switzerland, and most 
likely also in other industrialized countries, zinc concentrations in soils 
may soon reach levels which could significantly reduce the production 
of food, fiber, and renewable energy sources. The problem of such pre-
dictions is, however, that the toxicity of plants for zinc, called phytotox-
icity, in a given soil cannot be simply predicted from its concentration. 
For instance, aqueous zinc cations in soil solution are readily taken up 
by plant roots and are therefore very phytotoxic, while the incorpor-
ation of zinc into the crystal structure of recalcitrant (i.e. very insoluble) 
soil minerals may drastically reduce its solubility and hence phytotoxic-
ity. Knowing the chemical forms of zinc is therefore a prerequisite for 
risk assessments and the development of effective remediation strate-
gies.

Previous investigations have shown that Zn-bearing soil clay miner-
als, called phyllosilicates, may form after raising the soil pH to neutral 
values. Consequently, the bare soils in the vicinity of a zinc smelter in 
France could be re-vegetated by applications of lime and fly ash. On the 
other hand, a similar approach to remediate the Palmerton Superfund 
Site in Pennsylvania largely failed (Figure 1). The intention of our work 
was to determine the specific problems of this site by determining the 
chemical forms of zinc in a soil profile.

The zinc speciation was based on extended x-ray fine-structure absorp-
tion (EXAFS) spectroscopy performed at beamline X11A. While EX-
AFS is perhaps the only tool capable of identifying the various species 
possibly present in soils, it was complemented by additional methods 
to achieve unequivocal results. First, we made use of the non-homo-
geneous distribution of species at the micrometer scale, employing 
micro-focused x-rays for elemental mapping and microspectroscopy. 
Second, we made use of the different solubilities of species with re-
spect to various solvents. We employed a sequence of six wet-chemical 
extraction procedures for a step-wise removal of increasingly recalcitrant 
species, while monitoring the remaining species with EXAFS spec-
troscopy. Third, we used statistical methods like principal component 
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analysis to extract the single components hidden in the experimental 
spectra of species mixtures.

Our results are summarized in Figures 2 and 3. In the topsoil with 
an extremely acidic pH of 3.1, most zinc atoms occur in franklinite, a 
zinc-iron oxide spinel-type mineral (Figure 2). Zinc sulfide (the mineral 
sphalerite) constitutes the second largest fraction. Divalent zinc cations 
dissolved in the soil water or exchangeably bound to clay minerals are 
the smallest fraction. The topsoil contains 6200 mg kg-1 zinc, however, 
this easily plant-available fraction still constitutes 620 mg kg-1, a defini-
tively phytotoxic concentration.

Both franklinite and sphalerite were part of the zinc ores smelted in the 
Palmerton furnaces. The deposition of these minerals by smelter-emit-
ted dust initiated the geochemical cycle of zinc in the surrounding soils. 
While franklinite has a low solubility, sphalerite dissolves in the pres-
ence of oxygen releasing sulfuric acid. This ongoing release of protons 
explains the difficulty of raising the soil pH for longer than just a few 
years by applying lime and fly ash. 

In the subsoil, the zinc concentration is lower (900 mg kg-1). Due to the 
protective cover of the topsoil, no smelter-emitted minerals are pres-
ent. Since the pH is still quite acidic (3.9), relatively stable inner-sphere 
sorption complexes and known zinc-bearing soil minerals cannot form. 
Therefore, we would have expected that all zinc is dissolved or easily 
exchangeable. Surprisingly, however, we found that 45% of zinc was 
bound by Al-hydroxide interlayers sandwiched between phyllosilicate 
layers (Figure 3). This clay mineral (HIM) is quite common in acidic 
soils, and may effectively scavenge a range of transition metals at low 
pH, thereby reducing their ecotoxicity.

Additional Publication:

D.R. Roberts et al., “Zn Speciation in a Smelter-Contaminated Soil 
Profile using Bulk and Micro-Spectroscopic Techniques,” Environ. Sci. 
Technol., 36, 1742 (2002).

Figure 1. Blue Ridge Mountains near 
Palmerton PA. What looks like a desert now 
was a lush green deciduous forest before 
the smelter operation began. Although the 
emissions were drastically reduced several 
decades ago, soil infertility still prevents re-
vegetation. 

Figure 2. Zn speciation of topsoil sample. 
The graph on the left shows the Zn K-edge 
EXAFS spectra of the soil sample together 
with the spectra of the identified zinc species. 
The structure of the species and their quantity 
is given at the right.

Figure 3. Zn speciation of subsoil sample (see 
Figure 2 for further explanations).
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X-ray Absorption Study of the Uptake of Pb(II) 
at the Solid-Water Interface of Amorphous 
Silica
E.J. Elzinga1,2 and D.L. Sparks1

1University of Delaware;  2Stony Brook University

The bonding mechanism of Pb(II) at the amorphous silica surface was 
characterized with Extended X-Ray Absorption Fine Structure (EXAFS). 
The mode of Pb uptake was found to strongly depend on solution pH: At 
pH<4.4, monomeric complexes are formed by mostly electrostatic interac-
tions with the silica surface, whereas dimeric covalent Pb surface complexes 
form at pH>6. These findings imply that the effectiveness of SiO

2
 in retain-

ing Pb2+ strongly depends on the conditions in the solution in contact with 
the SiO

2
 surface.

Characterizing the bonding mechanisms of trace metals on mineral 
surfaces is important in understanding and predicting their solubility 
and mobility in the environment. Dissolved metal concentrations in 
the pore water of soils and sediments are controlled by the extent of 
metal partitioning to the mineral matrix contacting the solution phase. 
Metal uptake at the mineral-water interface may occur via a number of 
different mechanisms. These include electrostatic interactions between 
oppositely charged metal ions and surface groups; direct chemical bond-
ing of metal ions at the surface by the coordination to surface ligands; 
and the formation of metal precipitates at the surface. Distinguishing 
between these different modes of metal uptake is important, because 
they determine the stability of the partitioned metal ions. Electro-
statically held complexes are weakly bound compared to chemically 
bonded complexes, and may therefore be more readily transferred back 
into solution, whereas precipitates are generally quite resistant to metal 
remobilization. 

We investigated the interaction between Pb2+ and the surface of hy-
drous amorphous silica (SiO

2
). Amorphous silica is abundant in marine 

environments, and serves as a high surface area analogue for quartz, a 
mineral found in essentially all soils and sediments. Experiments were 
run at low, intermediate, and high pH values, and at different con-
centration levels of co-adsorbing Na+ cations to simulate a range of 
environmentally relevant solution conditions. 

Figure 1 shows the uptake of Pb2+ by silica as a function of pH and Na 
concentration. Both system parameters affect the amount of Pb held at 
the silica surface: Pb uptake increases with increasing pH, and decreas-
ing Na+ concentration. The arrows in Figure 1 indicate the samples for 
which we collected EXAFS data to characterize the bonding environ-
ment of Pb at the silica surface. 

The EXAFS data shown in Figure 2 indicate that the mechanism of 
Pb uptake by silica drastically changes as a function of pH. At low 
pH (<4.4), sorbed Pb has a first-shell O coordination similar to that 
of aqueous Pb2+ cations, which indicates that the interaction with the 
SiO

2
 surface is mostly electrostatic. At high pH (>6.3), however, the 

surface-held Pb cations are in a covalent bonding state, as indicated 
by the similarity of their first-shell O coordination with that of aque-
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ous Pb
4
(OH)

4
4+ polymers; moreover, the presence of Pb atoms in the 

local coordination sphere of the sorbed Pb cations indicates that the Pb 
surface complexes formed at high pH are polymers, most likely dimers. 
The Pb surface complexes formed between pH 4.8 and 6.3 are inter-
mediate between those observed at low and high pH, indicating that a 
mixed population of ionic (i.e. electrostatically held) and covalent Pb 
complexes is present at the silica surface in this pH range.

The presence of electrostatically held Pb surface complexes at low and 
intermediate pH implies that Pb may be effectively remobilized by com-
peting with other cations for uptake at surface sites, as demonstrated 
by the decreased Pb uptake at high Na concentrations (Figure 1). With 
increasing pH, however, Pb becomes less susceptible to desorption due 
to the more covalent nature of the interaction with silica surface sites. 
The effectiveness of SiO

2
 in retaining Pb2+ therefore strongly depends 

on the conditions in the solution in contact with the SiO
2 
surface. Figure 1. Comparison of the pH edges of Pb 

sorption at I = 0.1 and 0.005 M.

Figure 2. Radial structure functions (not 
corrected for phase shift) obtained by Fourier 
transforming the raw k3-weighted spectra.
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Superhard Materials Under Pressure: Strength 
and Elasticity of Stishovite
S.R. Shieh1*, T.S. Duffy1, and B. Li2

1Department of Geosciences, Princeton University; 2Mineral Physics Institute, Stony 
Brook University

Stishovite, a six-coordinated form of SiO
2
 and one of the hardest known 

oxides, was compressed in a diamond anvil cell to study its elastic and 
rheological behavior at extreme pressures. Our results show that the yield 
strength is surprising low at high pressures compared with other silicates.   
Furthermore, we provide experimental confirmation of the prediction that 
the transition from stishovite to the CaCl

2
-type structure near 50 GPa is 

accompanied by an elastic instability. These results show that application of 
high pressures can greatly modify expectations of material behavior based on 

low-pressure considerations.

Stishovite is likely to be an important constituent 
of the Earth’s deep mantle. It is also a prototype for 
the six-coordinated silicates that are of fundamental 
importance in geophysics and materials science.  
The nature of the transformation of stishovite from 
the rutile structure to the CaCl

2
-type structure near 

50 GPa has been the focus of much recent inter-
est. Stishovite is also among the strongest known 
oxides, and understanding its elastic and rheological 
properties is fundamental to the search for new su-

perhard materials. In this study, we use new compression measurement 
techniques in a diamond anvil cell to examine the elasticity and yield 
strength of dense SiO

2
 over a broad pressure range for the first time.

Stishovite was loaded into a diamond anvil cell and compressed non-
hydrostatically. Energy dispersive x-ray diffraction experiments were 
conducted at beamline X17C (Figure 1). The sample was contained 
within an x-ray transparent (beryllium) gasket, which enabled us to 
measure the diffraction pattern at any angle with respect to the load-
ing axis of the cell. The data were analyzed using lattice strain theory, 
which relates the anisotropy of the measured lattice strains to the yield 
strength and the elastic stiffness coefficients.

Figure 2 shows the yield strength of stishovite as a function of pressure 
from our x-ray diffraction data combined with theoretical predictions 
for the shear modulus. The yield strength was found to be nearly con-
stant at pressures of 15-40 GPa and dropped sharply as the transition 
pressure was approached. The yield strength then increased rapidly in 
the CaCl

2
-type phase. In contrast to its ambient-pressure behavior, our 

measurements indicate that the yield strength of stishovite is sur-
prisingly low at high pressures especially when compared with other 
silicates (e.g. ringwoodite).

Our data also allow for inversion to recover a partial elastic stiffness 
tensor at high pressure. In general, our values of C

11
 and C

12
 (Figure 3) 

lie below theoretical values, but they are qualitatively consistent with 
theory in that C

11
-C

12
 is markedly reduced near the transition pressure. 

This provides direct experimental support for the theoretical prediction 

Authors (from left): Sean R. Shieh, Baosheng Li, 
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of an elastic instability involving C
11

-C
12

 in stishovite near 50 GPa.

This study of stishovite provides an example of how recent develop-
ments in diamond anvil cell technology together with synchrotron x-ray 
diffraction techniques are yielding new advances in our under-
standing of fundamental quantities, such as elasticity and yield 
strength, of strong materials under extreme pressure conditions.

Figure 1. Sample configuration for radial x-ray 
diffraction experiments in a diamond anvil 
cell. The incident x-ray beam was directed 
through a beryllium gasket. Diffraction 
patterns are recorded by a solid-state Ge 
detector. The Au foil is used as a pressure 
marker, and σ

3
 and σ

1
 represent maximum 

and minimum stresses. Rotation of the sample 
allows lattice strains to be recorded at both 
the minimum and maximum stress directions.

Figure 2. Yield strength of stishovite at high 
pressure. Red symbols and line are from this 
study; Squares and diamonds are olivine (α-
Mg

2
SiO

4
) and ringwoodite (γ-Mg

2
SiO

4
) data, 

respectively. Dashed line shows the transition 
boundary of stishovite to the CaCl

2
-type. 

Figure 3. Selected elastic moduli of stishovite 
at high pressure. Red symbols and line are 
from this study; open symbols and dashed 
lines are from theoretical calculations.  
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The Effect of Phosphate on Lanthanide 
Sorption by an Oxide Mineral: X-ray 
Absorption and Magnetic Studies
S.-j. Yoon,1 P.A. Helmke,1 J.E. Amonette2, and W.F. Bleam1

1Department of Soil Science, University of Wisconsin; 2Environmental Molecular Sci-
ences Laboratory, Pacific Northwest National Laboratory 

The feasibility of using phosphate to enhance radionuclide immobilization 
on mineral surfaces was examined using trivalent lanthanide ions as chemi-
cal analogues of actinide radionuclides. Phosphate dramatically increased 
the amount of lanthanide sorbed on aluminum oxide surfaces at pH 5, the 
product apparently being ultra-fine particles of LnPO

4
.

High-level radioactive wastes containing actinide elements have been 
introduced to the environment with the advent of nuclear weapons 

and nuclear energy. Sorption of the actinides by 
soil materials decreases their mobility and bioavail-
ability. Understanding their sorption mechanism is 
important for forecasting their behavior in soils and 
designing environmental remediation procedures.     

Sorption studies involving radionuclides, such as 
239Pu, 240Pu, and 241Am, are relatively rare because 
the U.S. Nuclear Regulatory Commission grants few 
licenses for the possession and handling of these ele-
ments. Furthermore, it is difficult to control experi-

mental conditions because their oxidation states are unstable. Other ac-
tinide ions (232Th4+, 237Np5+, and 238U6+) and non-radioactive lanthanide 
ions (Ln3+) have served as chemical analogues for those unstable actinide 
ions in various environmental studies. The utility of these analogues, 
verified by numerous studies for solution chemistry, may also extend to 
mineral surface chemistry.        

In this study, trivalent lanthanide ions (Eu3+, Gd3+, and Dy3+) serve as 
chemical analogues of trivalent actinides to explore the sorption chemis-
try of actinide ions (Ac3+) on mineral surfaces as affected by phosphate, 
a ubiquitous oxyanion found on all oxide mineral surfaces in nature.  
The in situ immobilization of actinides by phosphate may be feasible 
considering both actinide and lanthanide phosphates are highly insolu-
ble and stable in geological formations.

Orthophosphate has proven effective for immobilizing lead (Pb2+) as 
insoluble lead phosphate precipitates on phosphate minerals. Our study 
asked whether adsorbed phosphate anions at oxide mineral surfaces re-
act with lanthanide ions, immobilizing lanthanide as phosphate surface 
precipitates analogous to the reaction observed with Pb2+. 

The amount of lanthanide ions sorbed on boehmite (γ-AlOOH) sur-
faces, estimated by neutron activation analysis, dramatically increased 
in the presence of phosphate at pH 5 (Figure 1). The structure of the 
sorbed lanthanide was determined by x-ray absorption spectroscopy 
(beamlines X23B and X10C), as well as by magnetic susceptibility 
measurements (Institute for Rock Magnetism at University of Minne-
sota and Kansas State University) and electron paramagnetic resonance 
(EPR) spectroscopy (EMSL, Pacific Northwest National Laboratory).     
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The extended x-ray absorption fine structure (EXAFS) shows that the 
sorbed lanthanide ions react with phosphate to form lanthanide phos-
phate precipitates of indeterminate size on the oxide surface (Figure 
2). The superparamagnetic behavior of dysprosium and gadolinium in 
the surface precipitates indicates the lanthanide phosphate precipitates 
are uniform, ultra-fine particles (radii less than 10 Å assuming spher-
ical particles) distributed on the oxide surface. Even in the absence of 
phosphate, sorbed Gd3+ ions apparently form precipitates on boehmite 
surfaces rather than being adsorbed as isolated ions as evidenced in EPR 
spectra (not shown).    

To the extent that Ln3+ ions serve as suitable chemical analogues for 
Ac3+ ions, the results of this study predict the ubiquitous phosphate, 
adsorbed to all mineral surfaces in the environment, would enhance 
the sorption of Ac3+ ions leading to the mineral-surface precipitation of 
ultra-fine AcPO

4
 particles.

Figure 1.  Amount of Ln3+ sorbed on 
boehmite (γ-AlOOH) in the absence and 
presence of phosphate at pH 5.

Figure 2. EXAFS data and proposed local 
chemical environment of Ln3+ ions sorbed 
on an aluminum oxide (boehmite) in the 
presence of phosphate: (a) experimental 
(solid lines) and simulated (dotted line) radial 
structure functions; (b) experimental (solid 
lines) and simulated (dotted line) scattering 
curve for Dy L

III
-edge EXAFS; (c) local 

chemical environment showing proposed 
association of sorbed Ln3+ and phosphate. 
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Structures of the Complexes of a Potent Anti-
HIV Protein Cyanovirin-N and High-Mannose 
Oligosaccharides
I. Botos1, A. Wlodawer1, B.R. O’Keefe2, S.R. Shenoy2, L.K. Cartner3, D.M. 
Ratner4, P.H. Seeberger4, and M.R. Boyd5  

1Macromolecular Crystallography Laboratory, National Cancer Institute, National In-
stitutes of Health; 2Molecular Targets Drug Discovery Program, Center for Cancer Re-
search, National Cancer Institute - Frederick; 3Intramural Research Support Program, 
Science Applications International Corporation-Frederick; 4Department of Chemistry, 
Massachusetts Institute of Technology; 5USA Cancer Research Institute, College of 
Medicine, University of South Alabama

Using x-rays from beamline X9B, scientists have determined the structure 
of Cyanovirin-N (CV-N), a protein known for its ability to prevent viral 
infection. CV-N was complexed to high-mannose oligosaccharides, mol-
ecules located on the surface of the virus causing acquired immunodeficiency 

syndrome (AIDS). CV-N is a promising lead for the design of drugs 
against AIDS. The molecular structures generated in this study provide 
atomic details of how CV-N prevents infection by the human immuno-
deficiency virus (HIV), a virus causing AIDS.

Of the more than 30 million people infected with human im-
munodeficiency virus (HIV) before 1997, 75 to 85 percent ac-
quired the virus through heterosexual contact, making acquired 
immunodeficiency syndrome (AIDS) a continuing threat to the 
general population. Development of a vaccine active against HIV 
is complicated by the high mutation rate of the virus. So, another 
way of preventing HIV infection is the development of anti-HIV 
virucides, which are chemicals that prevent HIV infection. A 
unique natural product with anti-HIV properties was discovered 
while screening for new antiviral agents. This protein, originally 

isolated from cultures of the cyanobacterium (blue-green algae) Nostoc 
ellipsosporum, was named cyanovirin-N (CV-N).

CV-N potently inactivates the two most well known strains of HIV, 
HIV-1 and HIV-2, as well as their counterparts in monkeys, the simian 
immunodeficiency virus (SIV), and cats, the feline immunodeficiency 
virus (FIV). CV-N prevents HIV-1 from infecting host cells by inter-
fering in key interactions between the glycoprotein gp120, which is 
present on the HIV-1 envelope, and receptors on cells that are about 
to be infected by HIV-1. Understanding the structural basis of such 
interactions is important for the potential development of CV-N as an 
anti-AIDS drug. 

CV-N, a 101-amino acid protein, can exist in solution either as a 
monomer or a dimer. When in the form of a monomer, the protein 
consists of two similar domains with an overall ellipsoidal shape. Each 
domain contains mostly β-strands and loops (Figure 1A). A change of 
torsion angles in the central, or hinge, region between the two domains 
separates them into an extended form, in which they do not interact 
with each other (Figure 1B).

The CV-N dimer is formed by two extended monomers that swap their 
domains. By naming A and B the domains of the first monomer, and 
A’ and B’ those of the second monomer, the overall structure of CV-N 
is made of the combinations AB’ and A’B, called pseudo-monomers, 
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which are linked to each other through a hinge region.

We investigated how the monomeric and dimeric forms of CV-N bind 
to two branched oligosaccharides (organic compounds that include 
sugars, starches, celluloses, and gums): 
oligomannose-9 (Man-9) and a synthetic 
hexamannoside, which have a high and low 
affinity to CV-N, respectively. Man-9 was 
derived from natural sources and its struc-
ture corresponds to that of glycoprotein 
gp120, the chemical present on the HIV-1 
envelope. The synthetic hexamannoside has 
a similar core mannose structure to Man-9. 

A CV-N monomer can bind to oligosaccharides on two distinct sites: 
a high affinity, primary site, and a low affinity, secondary site (Figure 
2). We have shown that the binding sites exhibit different affinities for 
the oligosaccharides. The CV-N domain-swapped dimer exhibits four 
sugar-binding sites: two primary sites near the hinge region, and two 
secondary sites on the opposite sides of the dimer (Figure 3). 

In both monomeric and dimeric forms of CV-N, the primary sugar-
binding site consists of a deep pocket in the close proximity of the hinge 
region. We have shown that the shape of this site is directly influenced 
by the hinge and relative orientation of the domains. 

The secondary sugar-binding site, unaffected by the hinge region, has 
the same conformation in both the monomeric and dimeric CV-N. The 
molecular structures of CV-N bound to Man-9 and a synthetic hexa-
mannoside show that the binding interface is formed by three mannose 
rings in the case of Man-9 and two in the case of the hexamannoside.  
So, the additional binding affinity of CV-N for Man-9, as compared to 
the hexamannoside, results from the additional binding energy of the 
third mannose ring’s interaction with CV-N.

The ability of CV-N to target virus-associated oligosaccharides with 
high affinity, while binding mammalian oligosaccharides, such as Man-
6, with comparably low affinity, is the basis for the potential use of CV-
N to inhibit HIV infection.

Figure 3. Sugar-binding areas on the surface 
of cyanovirin-N and the electron density 
maps of bound carbohydrate ligands: (A) 
cyanovirin-N and hexamannoside, and (B) 
cyanovirin-N and oligomannose-9. The 
binding interface is formed by three mannose 
rings in the case of oligomannose-9 and by 
two rings in the case of the hexamannoside, 
thus explaining the higher binding affinity of 
cyanovirin-N for oligomannose-9 than for the 
hexamannoside.  

Figure 1. The monomeric form of cyanovirin-
N (CV-N) (A) has two similar domains, A 
(red) and B (blue), linked by a hinge region. 
A change in torsion angles in the hinge region 
separates the domains into an extended form 
(B). A domain-swapped dimer (C) is formed 
by two such extended monomers. Each 
pseudo-monomer (AB’ and A’B) is virtually 
identical to the compact monomer with the 
exception of the hinge residues.  

Figure 2. Crystal structure of the domain-
swapped cyanovirin-N dimer. The molecular 
surface shows the primary and secondary 
oligosaccharide-binding sites, with a 2(Cyc
lohexylamino)ethanesulfonic acid (CHES) 
molecule bound to primary site (left) and 
oligomannose-9 to the secondary site (right). 
Domains A and B of the first molecule are 
shown in dark and light blue, respectively, and 
domains A’ and B’ of the second molecule are 
shown in orange and yellow, respectively.  

A B
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The Answer To a 100-Year Old Puzzle: The 
Structural Basis for Specificity in Human 
ABO(H) Blood Group Biosynthesis
S.I. Patenaude1, N.O.L. Seto1,2, S.N. Borisova1, A. Szpacenko3, S.L. Mar-
cus3, M.M. Palcic3, and S.V. Evans1

1University of Ottawa; 2National Research Council of Canada; 3University of Alberta

Scientists working at beamlines X4A, X8C, and X12C have determined to 
a high resolution the structures of the enzymes that synthesize the human 
A and B blood group antigens.  Although a mismatched blood transfusion 
could be fatal, the researchers found that the differences between the two 
enzymes are surprisingly small.

More than 100 years ago, Austrian pathologist Karl Landsteiner first 
investigated why some blood transfusions succeeded in reviving patients 
who had suffered severe blood loss while other transfusions killed. In 
1901, he discovered the A, B, and O blood groups, for which he was re-
warded with the Nobel Prize in physiology or medicine in 1930. Given 
the potentially fatal consequences of mismatched blood types, scientists 
presumed for more than half a century that the A and B blood groups 
must be significantly different from each other. But in 1956, the A, B, 
and O blood group antigens (antigens are molecules recognized by the 
immune system) were all found to be carbohydrate structures present 
on cell-surface glycoproteins (protein with attached sugars) and glyco-
lipids (lipids with attached sugars). 

The A and the B antigens were found to be modified from the carbohy-
drate corresponding to the O blood group by the addition of different 
monosaccharides (simple sugars). The A antigen was terminated by the 
sugar N-acetylgalactosmine (GalNAc) while the B antigen was termi-
nated by galactose. In essence, these two blood groups, which were 
so immunologically distinct, differed only in the replacement of an 
acetamido group (-NHCOCH

3
) by a hydroxyl group (-OH), as shown 

in Figure 1.

The inherited nature of the A, B, and O blood groups meant that the A 
and B antigens had to be produced by genetically encoded enzymes. In 
1959, scientists postulated the existence of specific glycosyltransferases, 
enzymes that catalyze the transfer of sugar units between molecules. 
Their existence was later demonstrated in 1966, 1967, and 1968. In 
general, individuals with blood group A carried the gene for glycosyl-
transferase A (GTA), those with blood group B carried the gene for gly-
cosyltransferase B (GTB), those with blood type AB carried both genes, 
and those with blood type O carried neither or an inactive gene.

In 1990, scientists cloned the genes corresponding to the glycosyl-
transferase enzymes that produce the A and B antigens and found that 
these enzymes are membrane-bound proteins of about 330 amino acids 
(elementary units of proteins) in length that differed from each other 
by only four amino acids. Both enzymes would recognize the disaccha-
ride H antigen acceptor (corresponding to blood type O), so scientists 
thought that these four amino acid differences must serve to recognize 
the two different monosaccharide donors: uridine diphosphate-GalNAc 
for GTA, and uridine diphosphate-galactose for GTB.
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Later, kinetic characterization of GTA and GTB mutants revealed 
which of the four amino acid residues contributed most in distin-
guishing between the two donor molecules. 

Using the very intense x-rays at beamlines X4A, X8C, and X12C, 
the structures of the GTA and GTB enzymes have been solved, in 
order to further characterize how they work. 

Of the four amino acids that differ between GTA and GTB, only 
two (leucine/methionine 266 and glycine/alanine 268) are located 
in the active site pocket of both enzymes and well-positioned to 
contact the donor sugars, as shown in Figure 2. Remarkably, these 
small differences are enough to make the two enzymes use different 
mechanisms to recognize their respective donors.  

The active site pocket of GTB contains the larger residues methio-
nine 266 and alanine 268, used to exclude the GalNAc donor, and 
the active site in GTA contains the smaller residues leucine 266 and 
glycine 268, which can easily accommodate the galactose as well as 
GalNAc. GTA can easily recognize its donor because the smaller 
leucine 266 exposes the nearby residue histidine 233, which can 
form a strong hydrogen bond with the acetamido group of GalNAc, but 
cannot contact galactose. Thus, while GTB functions by excluding the 
incorrect donor, GTA functions by recognizing the correct donor.

Because such a small difference in enzyme and antigen structures has 
such large physiological consequences, GTA and GTB are paradigms for 
specificity in biosynthetic and immune recognition, paving the way for 
the design of enzymes with different specificities.

Figure 1. The antigens corresponding to 
the A, B, and O blood groups. The A and 
B antigens differ from the H antigen by the 
addition of different monosaccharides to the 
H antigen (corresponding to blood group O). 
Remarkably, the A and B antigens differ only 
by the replacement of an acetamido group 
(-NHCOCH

3
) in A with a hydroxyl group 

(-OH) in B.

Figure 2. Leucine/methionine 266 and 
glycine/alanine 268 are the only amino 
acid residues that differ between the active 
sites of glycosyltransferase A (GTA) and 
glycosyltransferase B (GTB). While GTB 
excludes the A monosaccharide donor based 
on size, GTA selects the correct donor by 
forming a hydrogen bond with histidine 233.
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Structural Basis of β-Lactam Resistance in 
Methicillin-Resistant Strains of  “Superbug” 
Revealed
D. Lim and N.C.J. Strynadka

University of British Columbia

Some strains of the bacterium Staphylococcus aureus have developed 
resistance to multiple antibiotics and have emerged as major pathogens 
in hospitals worldwide. Resistance of these “superbugs” to the clinically 
important β-lactam class of antibiotics is mediated by a bacterial enzyme 
called penicillin-binding protein 2a (PBP2a). This enzyme catalyzes the 
formation of the bacterial cell wall, a process inhibited by β-lactam, thus 
weakening the bacterium, and ultimately killing it. The three-dimensional 
structure of PBP2a, determined by researchers at the University of British 
Columbia in Vancouver, Canada, reveals the structural basis of the resis-

tance of S. aureus to β-lactam, and provides insights for the design of 
more effective inhibitors of the bacterium.

The introduction of penicillin in the 1940s quickly selected for re-
sistant strains of the bacterium Staphylococcus aureus that produced 
penicillinase, an enzyme that hydrolyzes β-lactam antibiotics, the 
most commonly used line of defense against bacterial infections. 
To counter these resistant bacterial strains, methicillin, a semisyn-
thetic penicillinase-resistant penicillin derivative, was subsequently 
introduced. 

Resistance to methicillin began to appear just one year after its 
introduction and has since spread to hospitals world-wide with 
alarmingly high prevalence of these strains, called methicillin-resis-

tant strains of Staphylococcus aureus (MRSA), among clinical isolates in 
the United States and in a number of Asian and European countries. As 
MRSA strains are resistant to other classes of antibiotics, vancomycin 
has often been the treatment of choice against MRSA infections. But 
the appearance of vancomycin resistance in MRSA clinical isolates 
– first in Japan, and then in other countries, including the United States 
in recent months – underlines an urgent need for novel antibiotics.

β-lactams act as substrate analogs of bacterial enzymes called penicillin-
binding proteins (PBPs) that catalyze the formation of peptide cross-
links in the bacterial cell wall. By binding to PBPs, β-lactams irre-
versibly inhibit PBPs, resulting in a weakened cell wall and eventual cell 
death. Methicillin resistance in MRSA strains is due to the horizontal 
acquisition – from an unidentified species – of the mecA gene, which 
encodes PBP2a, a novel PBP distinct from the PBPs normally found in 
S. aureus. PBP2a is highly resistant to inhibition by all clinically used 
β-lactams and remains active to maintain cell wall synthesis at normally 
lethal β-lactam concentrations.

To identify the structural features of PBP2a that are responsible for S. 
aureus resistance, we determined the protein’s crystal structure. To ob-
tain crystals of PBP2a, a soluble derivative was constructed by removing 
the N-terminal transmembrane anchor – which does not affect its inter-
action with β-lactams. The excellent facilities at NSLS beamline X8C 
allowed us to collect data to 1.8 angstrom resolution for crystals of the 
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apoenzyme (the enzyme with no inhibitor bound), and to 2.0 angstrom 
resolution for crystals of PBP2a bound to nitrocefin (a type of β-lac-
tam). By comparing these structures, we noticed novel conformational 
changes at the active site that have not been observed in structures 
of β-lactam sensitive PBPs. Thus the active site of apoenzyme part 
of PBP2a is distorted relative to those of non-resistant PBPs.

Previous kinetic studies have shown that while the initial binding 
affinities of PBP2a for β-lactams are comparable to those of non-
resistant PBPs, the subsequent acylation step, during which the 
PBP and β-lactam bind with an RCO- group (R being an organic 
group), is 1000 fold slower in PBP2a than in non-resistant PBPs. 
Acylation is key to the inhibition of PBPs by β-lactams, so the 
reduction of the acylation rate confers broad-spectrum resistance 
of S. aureus to antibiotics. But acylation is also key to the normal 
function of PBPs, so that the distorted active site of PBP2a pro-
vides a means of modulating the acylation rate to balance resistance 
while retaining activity.

Given that slow acylation is an intrinsic property of PBP2a, more 
effective inhibitors could be designed by improving their initial 
binding affinity to PBP2a. For example, novel forms of widely used 
antibiotics called cephalosporins provide a larger number of stabi-
lizing interactions with and better shape complementarity to the 
narrow PBP2a active site groove, and thus show improved affinities 
for PBP2a. Optimization of cephalosporins and other inhibitors 
will be greatly facilitated by the structural information on the active site 
from our studies.

Figure 1. Structure of penicillin-binding 
protein of the bacterium Staphylococcus 
aureus (SauPBP2a*). The bilobed N-terminal 
(nPB) domain is colored orange with the 
N-terminal lobe (N-terminal extension) 
colored green. The transpeptidase domain is 
colored blue with the position of the active 
site indicated by the red nitrocefin adduct 
(shown in stick rendering). The secondary 
structure elements of the transpeptidase 
domain were labeled in accordance with 
the labeling scheme used for R6 PBP2x. 
The N- and C-termini are labeled N and C, 
respectively. Shown to the left of the ribbon 
representation is a linear representation of the 
domain structure of SauPBP2a* with residue 
numbers shown in parentheses.

Figure 2. Superposition of the active site 
region from the native penicillin-binding 
protein of the bacterium Staphylococcus 
aureus (SauPBP2a*) and SauPBP2a* 
acylated with nitrocefin, shown in yellow 
and blue, respectively. Nitrocefin (purple) 
is shown in thin stick rendering. Covalent 
binding of nitrocefin to SauPBP2a* requires 
conformational changes at strand β3 and at 
the N-terminus of helix α2.
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Structures of Two Kinetic Intermediates        
Reveal Species-Specificity of Penicillin-Binding       
Proteins
M.A. McDonough1, J.W. Anderson2, N.R. Silvaggi1, R.F. Pratt2, J.R. Knox1, 
and J.A. Kelly1

1Department of Molecular and Cell Biology and Institute for Materials Science, Univer- 
sity of Connecticut; 2 Department of Chemistry, Wesleyan University

β-lactam antibiotics are the most commonly used line of defense against 
bacterial infections, but the efficacy of antibiotics is threatened by the con-
stant emergence of resistant bacteria. Scientists from the University of Con-
necticut in Storrs, and Wesleyan University in Middletown, Connecticut, 
have obtained the first crystallographic structures of complexes involving a 
peptide substrate and a penicillin-binding protein, which is the target of 
β-lactams. This research provides structural and mechanistic information to 

aid drug design efforts aimed at fighting β-lactam-resistant infections.

Most bacteria synthesize a rigid peptidoglycan cell wall that 
provides the characteristic cell shape and prevents destruction by 
osmotic lysis. Peptidoglycan is a polymer of carbohydrate units 
with branching peptide chains that usually terminate in D-alanyl-
D-alanine. The final step in cell wall biosynthesis is a chemical re-
action forming peptide bridges between neighboring peptidoglycan 
strands. The reaction is catalyzed by penicillin-binding proteins 
(PBPs), which also catalyze a carboxypeptidase reaction (Figure 1) 
that helps to maintain the proper degree of cell wall cross-linking.

β-lactam antibiotics are the most commonly used line of defense 
against bacterial infections. These antibiotics inhibit PBPs because they 
mimic the D-alanyl-D-alanine portion of peptidoglycan and form very 
long-lived covalent complexes, so that growing bacteria are unable to 
cross-link their cell walls and are vulnerable to cell lysis. Our research 
provides structural and mechanistic information to aid drug design ef-
forts aimed at fighting β-lactam resistant infections.

By using x-rays at beamline X12C, we have obtained the first crystallo-
graphic structures of kinetic intermediates involving a peptide substrate 
and a PBP, the D-alanyl-D-alanine carboxypeptidase/transpeptidase 
from the bacterium Streptomyces R61. This enzyme is a model for 
membrane-bound PBPs that do the majority of cell wall synthesis. 

Two members of our team, Rex F. Pratt and John W. Anderson, have 
recently identified a tetrapeptide substrate (Figure 2) that proved to be 
the most specific substrate yet for the R61 enzyme. This tetrapeptide 
corresponds exactly to a portion of Streptomyces peptidoglycan.

By soaking chemically cross-linked, inactive R61 crystals in a solution 
containing the tetrapeptide substrate, we were able to trap the non-
covalent enzyme-substrate (ES) complex at 1.9 angstrom resolution. 
By performing the same experiment using active enzyme crystals, we 
determined the structure of the enzyme-products (EPs) complex with a 
1.25 angstrom resolution.

With the ES structure (Figure 3A), we showed that the catalytic oxygen 
of the active serine, S62, is positioned 2.8 angstroms from the carbonyl 
carbon of the scissile peptide bond. Numerous noncovalent interactions 
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between the enzyme and the tetrapeptide substrate explain the extraor-
dinary specificity of this substrate. Indeed, the part of the substrate that 
changes from one species to another is bound tightly in a subsite of the 
active site. Presumably, PBPs of other species have 
analogous subsites complementary to their pepti-
doglycan. These species-specificity subsites could be 
exploited for species-specific antibiotics.

The EPs structure (Figure 3B) highlights confor-
mational changes of both the tripeptide product and active site residues 
that ultimately lead to the ejection of products from the active site. The 
terminal D-alanine rotates 110 degrees about the nitrogen-alpha carbon 
bond, placing the carboxyl group (COOH) in a relatively hydropho-
bic environment, while the methyl (CH

3
) side chain is moved into the 

plane of a hydrogen bond involving a conserved asparagine residue, 
weakening this interaction. Further, the main chain of thre-
onine 301 is forced into a highly strained conformation. All 
these factors are likely to contribute to the destabilization 
of product binding.

The two structures (ES and EPs) reveal detailed structural 
information about kinetic intermediates, providing insight 
into the catalytic mechanism of PBPs and critical infor-
mation for future antibiotic design efforts. 

Figure 1. The carboxypeptidase reaction 
of the R61 DD-peptidase, where E is free 
enzyme, S is the substrate, ES is a non-
covalent complex, ES* is a covalent complex, 
EP is a non-covalent complex between the 
enzyme and the hydrolyzed peptide, and P 
represents the free peptide product.

Figure 3. (A) The ES complex. Active site 
residues are yellow, the tetrapeptide substrate 
is orange. Hydrogen bonds are shown as 
gray dotted lines, hydrophobic interactions 
as yellow dotted lines, and the inactivating 
cross-links as solid red lines. (B) The EPs 
complex. Both the tripeptide product 
and free D-alanine are orange. The figure 
was produced by using XTALVIEW and 
Raster3D.

Figure 2. Tetrapeptide substrate that proved 
to be the most specific substrate yet for the 
R61 enzyme.
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New Insights into Transcription Initiation in 
Bacteria
K.S. Murakami, E.A. Campbell, S. Masuda, O. Muzzin, M. Chlenov, J.L. Sun, 
C.A. Olson, O. Weinman, M.L. Trester-Zedlitz, and S.A. Darst

The Rockefeller University

Every cell of a living being contains an instruction manual, the genome, 
encoded in the form of messages called genes within a double helical 
molecule made of deoxyribonucleic acid (DNA). This information is read 
and interpreted in two steps, called transcription, in which the DNA is 
converted into ribonucleic acid (RNA), and translation, in which the RNA 
is converted into proteins, used by cells to function properly. Scientists from 
Rockefeller University have provided structural insights into the key machin-
ery for controlling the initiation of transcription in bacteria.

A genome is the complete “recipe” or set of instructions to make an 
organism. These instructions are stored in each cell of the organism in 
the form of a double helical molecule of deoxyribonucleic acid (DNA).  
The DNA information is read and decoded in two processes, called 
transcription, in which the DNA is converted into ribonucleic acid 
(RNA), and translation, in which the RNA is converted into proteins, 
necessary for the normal functioning of cells. 

The conversion of DNA into RNA is performed by a protein called 
RNA polymerase, which slides along the DNA helix, unzipping the two 
strands as it goes, synthesizing complementary strands of RNA corre-
sponding to packets of DNA information called genes. 

In bacteria, the RNA polymerase has the shape of a 150-angstrom-long 
crab-claw, with a large cleft between the claws in which the RNA is pro-
duced. The RNA polymerase starts synthesizing RNA at defined DNA 
sequences called promoters, which are recognized by the combination 
of the RNA polymerase with a protein called the sigma factor. The 
RNA polymerase with sigma is called the holoenzyme. The sigma factor 
plays a central role in locating the promoter sequence and in separating 
the DNA strands, which is required for the RNA polymerase to decode 
the genetic messages.

Using data from the National Synchrotron Light Source, the Cornell 
High Energy Synchrotron Source, as well as the Advanced Photon 
Source, the Rockefeller researchers have provided high-resolution views 
of the sigma factor structure as well as of the entire holoenzyme bound 
to a promoter DNA fragment. 

Three domains of sigma, labeled σ
2
, σ

3
, and σ

4
, are connected by flex-

ible linkers and are positioned across one face of the RNA polymerase, 
as shown in Figure 1. 

One of the linkers connecting the σ
3
 and σ

4
 domains is particularly 

long, snaking into the cleft of the RNA polymerase active site and then 
out again through another channel, the RNA exit channel, that is occu-
pied by the RNA during elongation (Figure 1). The linker suggests how 
sigma may assist in initiating transcription from nucleoside triphos-
phate (NTP) substrates – the basic units of RNA – by forming part of 
the initiating substrate-binding site. 

The structures mentioned above also provide insights into the curious 
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phenomenon of abortive initiation, in which the initiating RNA poly-
merase generates large amounts of short RNA fragments while posi-
tioned at the promoter, but only rarely moves forward to elongate the 
entire RNA chain. During initiation, the elongating RNA must displace 
the sigma linker from the RNA exit channel. Only once in a while, 
when the RNA manages to push the linker completely out of the RNA 
exit channel, does abortive initiation cease and the transition into the 
elongation phase (which follows the initiation phase) occur. 

The two structures above also provide a basis for modeling complexes 
with the entire promoter (Figure 2). Models of the initial ‘closed’ 
complex (where the DNA is not melted) and the final ‘open’ complex 
(where 14 base-pairs of DNA have been melted) provide a framework 
for designing further experiments to understand how the RNA poly-
merase operates. 

Additional Publications:

K.S. Murakami, S. Masuda, and S.A. Darst.  “Structural Basis of Tran-
scription Initiation: RNA Polymerase Holoenzyme at 4 Å Resolution,” 
Science, 296, 1280-1284 (2002).

K.S. Murakami, S. Masuda, E.A. Campbell, O. Muzzin, and S.A. 
Darst. “Structural Basis of Transcription Initiation: An RNA Polymerase 
Holoenzyme/DNA Complex, Science, 296, 1285-1290 (2002).

Figure 1. Cartoon model of a complex of the 
RNA polymerase holoenzyme and a fragment 
of the DNA promoter. The sigma subunit 
domains are labeled σ

2
, σ

3
, and σ

4
, with 

the linker connecting σ
3
 and σ

4
 extending 

through the main RNA polymerase channel 
near the active site containing magnesium 
(purple sphere).

Figure 2. Models of RNA polymerase closed 
(RP

c
) and open (RP

o
) complexes with 

promoter DNA.
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Novel Strategy for Stabilizing HIV Surface   
Proteins for AIDS Vaccine Development
J. Liu1, S. Wang1, M. Lu1, C.C. LaBranche2, and J.A. Hoxie3

1Weill Medical College of Cornell University; 2Duke University; 3University of Pennsyl-
vania

Despite recent advances in retroviral drug therapy, the need for a vaccine 
that can slow or stop the spread of the human immunodeficiency virus 
(HIV), the causal agent of AIDS, remains urgent. The surface of the virus 
consists of three copies of glycoproteins (proteins and carbohydrate) in a 
trimeric configuration. This glycoprotein complex mediates entry of the virus 
into immune system cells. Vaccine candidates that mimic the HIV glycopro-
teins are expected to elicit antibodies able to block this viral-entry process 
and thus neutralize the virus. Scientists from the Weill Medical College of 
Cornell University in New York City, Duke University in Durham, North 

Carolina, and the University of Pennsylvania in Philadelphia have sug-
gested a potential strategy for the production of HIV envelope proteins 
in a stably folded form that might serve as vaccine candidates.

The current combination of drug therapies has not yet succeeded in 
eradicating the human immunodeficiency virus (HIV), the causal 
agent of AIDS. Even worse, new drug-resistant variants of HIV are 
emerging at an alarming rate. A vaccine that would block HIV’s 
entry into host cells would thus most efficiently prevent the spread 
of HIV infection worldwide.  

When either the human (HIV) or simian (SIV) immunodeficiency 
virus infect the human body, the viral membrane fuses with the 
membrane of a host cell, and then inserts the viral RNA (genetic 
information in the form of a single strand) inside the host cell. This 

RNA is used to create clones of the virus inside the host cell, and these 
new viruses then spread outside the host cell to invade other cells.

The virus harbors two types of glycoproteins (proteins and carbohy-
drate) on its membrane, called glycoprotein 120 (gp120) and gp41, that 
are assembled in the form of a trimer. When the virus attaches to a host 
cell, these glycoproteins bind by a lock-and-key mechanism to other 
proteins, called receptors, on the surface of the host cell. 

When gp120 and gp41 bind to the host cell’s surface receptors, the 
glycoproteins undergo a conformational change, creating a transient 
species called the pre-hairpin intermediate, in which gp41 is present 
simultaneously in both the viral and cellular membranes. The pre-hair-
pin intermediate ultimately transforms into a structure made of a trimer 
of hairpins (three hairpin-like structures assembled together) called the 
fusion-active state of gp41. 

An anti-HIV vaccine would elicit antibodies from the host immune 
system that can neutralize HIV. Since gp120 is readily dissociated or 
shed from HIV because of its non-covalent association with the external 
portion, or ectodomain, of gp41, a major challenge in vaccine research 
has been to preserve completely the two types of glycoproteins together 
in vaccine preparations. To date, such efforts have relied on attempts to 
stabilize the glycoprotein complex by introducing disulfide bonds be-
tween the gp41 ectodomains or between the gp120 and gp41 subunits.
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We have shown that a laboratory-created variant of SIVmac251, called 
CPmac, exhibits a remarkably stable association between the gp120 and 
gp41 subunits. In contrast to previously described HIV isolates, gp120 
and gp41of this mutant remain associated during de-
struction of HIV by ionic detergents and can be isolated 
by monoclonal antibodies targeted to either gp120 or 
gp41. This unique property results from five amino acid 
substitutions in the gp41 ectodomain.  

To understand why the gp120-gp41 structure was stable 
in CPmac, we sought to delineate the role of five CPmac 
mutations in the folding, thermodynamics, and con-
formation of the gp41 ectodomain. Crystallographic 
studies show that the CPmac mutant sequences fit to the 
trimer-of-hairpins structure of gp41. Thermal unfolding 
studies show that the gp41 trimer-of-hairpins structure 
is thermodynamically coupled to the stability of the 
gp120/gp41 complex. 

Our results show that the gp120/gp41 complex could 
be stabilized by introducing mutations that destabilize 
the hairpin structure. If this idea proves correct, our results may lead to 
a novel strategy for stabilizing the HIV envelope glycoprotein complex 
and using it in structural and immunogenicity (induction of immune 
response) studies.

Crystal structure of the CPmac gp41 core. 
This structure is very similar to the trimer-of-
hairpins structure present in the ectodomain 
of the glycoprotein 41 (gp41) of the parent 
simian immunodeficiency virus SIVmac251. 
(Left) Lateral view of superposition of the 
backbone traces for the wild-type (green) and 
CPmac (red) gp41 cores. The amino-terminal 
helices point toward the bottom of the page 
and carboxyl-terminal helices point toward 
the top. (Right) Axial view looking down the 
three-fold axis of the trimers.
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Atomic Structures Reveal a Unique Molecular 
Mechanism for Initiating TRAF6 Signaling
H. Wu1, H. Ye1, M. Cirilli1, D. Segal1, O.K. Dzivenu1, J.R. Arron2, M. Vologod-
skaia2, B. Lamothe3, K. Du3, B.G. Darney3, T. Kobayashi4, M. Yim4, Y. Choi4, 
N.K. Shevde5, J.W. Pike5, and S. Singh6

1Weill Medical College, Cornell University; 2The Rockefeller University; 3The University 
of Texas M.D. Anderson Cancer Center; 4University of Pennsylvania School of Med-
icine; 5University of Wisconsin, Madison; 6Imgenex Corp

A family of proteins called TRAF is key to many cellular communication 
pathways. Although the six members of this family have certain structural 
and functional similarities, their differences are still being investigated. A 
team of scientists led by Hao Wu, an x-ray crystallographer at Cornell Uni-
versity’s Weill Medical College in New York City, has now determined with 
high resolution the atomic structures of TRAF6 and its derivative structures. 
This finding is a continuation of four years of research into the elucidation 

of TRAF structures by Wu’s team. Crucial structural and functional 
insights are presented via rigorous comparative analyses of these 
various TRAF structures. 

Cells talk to each other by exchanging molecules called mes-
sengers, such as growth factors (diffusible molecules affecting 
cellular growth), hormones (secreted in the blood by ductless 
glands), and neurotransmitters (molecules released between 
two neurons or a neuron and a muscle or a gland). On the 
cell surfaces, molecules called receptors bind to the exchanged 
molecules, activating proteins inside the cell. These proteins act 
together in an orderly fashion, defining what is called a signaling 
pathway.

One of the most potent cellular messengers, called tumor ne-
crosis factor (TNF), binds to the TNF receptor (TNFR) located on the 
membrane surface of target cells and induces a wide range of cellular 
effects, such as cell survival, proliferation, differentiation, and death. 
A family of proteins that are major mediators of these effects is called 
TNF receptor associated factors (TRAFs). 

To date, the TRAF family consists of six members that share certain 
common structural and functional domains. TRAFs can either directly 
interact with ligated TNFRs or indirectly form complexes with re-
ceptors binding to other signaling proteins. The binding of TRAFs to 
ligated TNFRs recruits more proteins, leading to multiprotein intrac-
ellular complexes that activate members of the families of proteins 
called necrosis-factor-kappa-B (NF-κ-B) and activator protein 1 (AP-
1). NF-κ-B promotes the expression of genes involved in inflammatory 
and anti-apoptotic responses, while AP-1 can induce stress responses 
and cell death.

The signaling pathway of TRAF6 may be defined as follows: TRAF6 
interacts with two members of the TNF receptor family, called clusters 
of differentiation 40 (CD40) and TNF-related activation-induced cy-
tokine receptor (TRANCE-R). TRAF6 also participates in the interleu-
kin-1 receptor (IL1-R)/Toll-like receptor (TLR) pathway by coupling 
to a protein called interleukin-1 receptor-associated kinase (IRAK).

We have recently revealed significant differences in the way receptors 
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bind to TRAF6 and TRAF2 (Figure 1). First, a receptor’s peptide chain 
bound to TRAF6 deviates directionally from that bound to TRAF2 by 
about 40 degrees, so the reactive groups of the TRAF6-bound peptide 
latch onto pockets on TRAF6 that are very different than 
those on TRAF2. Second, the TRAF6-bound peptides as-
sume extended β-conformations, unlike the poly-proline 
II (PPII) helix conformation adopted by the core region of 
TRAF2-binding peptides. Third, the TRAF6-bound pep-
tides make more extensive main-chain hydrogen bonds with 
TRAF6. 

Excessive activation of TRANCE-R can lead to significant 
resorption of bone, causing severe diseases such as osteopo-
rosis and cancer-induced bone lesions. By using TRAF6-
binding “decoy” peptides that we designed based on our 
structural studies and in collaboration with Bryant Darney 
at the MD Anderson Cancer Center in Houston, Texas, 
we have observed the inhibition of bond resorption in cells 
derived from mice (Figure 2). 

We have identified a universal structural mechanism by 
which TRAF6 participates in adaptive immunity, innate im-
munity, and bone homeostasis. Our results may ultimately 
lead to drugs that modulate TRAF6-mediated signaling processes. Figure 1. TRAF6 structures. (a) Ribbon 

diagram of the complex TRAF6 with 
TRANCE-R, shown as a trimeric model. 
(b) Worm representation of superimposed 
TRAF6 and TRAF2 structures. (c) 
Surface representation of TRAF6 and the 
bound TRANCE-R peptide. (d) Surface 
representation of TRAF2 and the bound core 
CD40 peptide. 

Figure 2. Co-treatment of RAW264.7 cells 
with TRAF6-binding “decoy” peptides, 
known here as L-T6DP-1 and L-T6DP-
2, caused a dose-dependent decrease of 
osteoclasts – cells responsible for bone 
resorption – which are tartrate-resistant 
acid phosphatase-positive (TRAP+) and 
multinucleated.



  

SCIENCE HIGHLIGHTS         2-892-88       LIFE SCIENCES

The Last Piece of the Structural Puzzle in    
Bacterial Chemotaxis
R.B. Bourret1, E.J. Collins1, R.E. Silversmith1, and R. Zhao1,2

1University of North Carolina at Chapel Hill; 2University of Colorado Health Science 
Center in Denver

From the highest mammal to the simplest bacteria, cells respond to extracel-
lular signals with appropriate responses. Signal transduction systems medi-
ate this process and, in both prokaryotes and eukaryotes, phosphoryl groups 
reversibly attached to proteins provide a fundamental currency of informa-
tion transfer. Chemotaxis, the signal transduction system that mediates the 
ability of Escherichia coli to swim towards nutrients and away from toxins, 
is arguably the best-studied signal transduction system in any organism. The 
detailed molecular picture of how chemotaxis works involves seven differ-
ent proteins, six of which have solved atomic structures. The structure of the 

remaining protein, called CheZ, has long remained a mystery.  
Scientists at the University of North Carolina at Chapel Hill 
have determined the structure of CheZ.

The gut bacterium Escherichia coli has the remarkable ability 
to rotate its flagella either counterclockwise, which results in 
forward swimming, or clockwise, which causes cell tum-
bling. The direction of flagellar rotation at any moment is 
determined by the degree of phosphorylation (addition of 
a phosphoryl group [-PO

3
2-]) to the chemotaxis signaling 

protein CheY, which binds to the base of the flagella. CheY 
is phosphorylated by the histidine kinase CheA and dephos-
phorylated by the CheZ phosphatase, the subject of our 

X-ray crystallographic studies.  

Our initial efforts using crystals containing only CheZ were unsuc-
cessful due to the poor diffraction of these crystals. We then shifted 
strategies and exploited a recent discovery that beryllium fluoride (BeF

3
-) 

binds to CheY to form a stable replica of phosphorylated CheY, the 
substrate of CheZ. We obtained crystals containing CheZ and CheY-
BeF

3
--Mg2+, and a cryoprotectant of 50% sucrose enabled us to improve 

the diffraction of these crystals from 8 angstrom (obtained with stan-
dard cryoprotectants) to 3.5 angstrom.        

The CheZ dimer features an impressively long (105 angstrom) four-
helix bundle composed of two helices from each chain, as shown in 
Figure 1. About 130 (of the 214) residues from each chain form an 
extended amphipathic (having both water-loving and water-repelling 
groups) alpha helix which folds on itself with a single hairpin turn. Two 
of these hairpins assemble to form the bundle. The amino-terminal of 
each chain forms an additional helix, as does the carboxyl-terminal, 
which interacts with a surface on CheY. The linker region between the 
carboxyl-terminal helix and the four-helix bundle was not visible in the 
electron density maps, implying that this region was disordered in the 
crystal.  

For decades, scientists have debated whether CheZ acts as a positive 
allosteric effector of CheY’s own autodephosphorylation activity by 
binding at a region of CheY away from the active site, or as a traditional 
phosphatase, which dephosphorylates CheY by binding to its active 
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site. Our results showed two surfaces of interaction between CheY and 
CheZ. The carboxyl-terminal α-helix of CheZ binds to a surface on 
CheY that is distant from its active site, but a region of the four-helix 
bundle of CheZ interacts directly with the active site of CheY.  

Strikingly, one residue from CheZ, called glutamine 147, inserts directly 
into the CheY active site. Mutagenesis studies showed that this residue 
was critical for catalytic activity. We now believe that glutamine 147 
stimulates the CheY autodephosphorylation reaction by positioning a 
water molecule in an appropriate position to remove phosphoryl groups, 
as shown in Figure 2. So CheZ activity cannot be classified simply as an 
allosteric effector or true phosphatase, but instead contains features of 
both. 

Our work provides structural information on the last of the seven pro-
teins involved in E. coli chemotaxis. This new description of the CheZ 
structure and mechanism will enhance our understanding of bacterial 
chemotaxis.

Figure 1. Ribbon representation of the 
structures of the chemotaxis protein CheZ 
and the complex between the chemotaxis 
protein CheY, beryllium fluoride (BeF

3
-) and 

magnesium (Mg2+), showing the two chains 
of the CheZ dimer (light blue and magenta) 
and two symmetric CheY molecules 
(orange and dark blue). The active site of 
CheY is highlighted with ball and stick 
representations of BeF

3
- (green) and Mg2+ 

(purple). The essential catalytic residue from 
CheZ, glutamine 147 (gray ball and stick), 
inserts into the CheY active site.

Figure 2. Model of the transition state in the 
dephosphorylation of CheY. In the absence 
of CheZ, CheY (black) catalyzes the reaction 
with active site residues threonine 87 (T87), 
lysine 109 (K109) and the bound magnesium 
ion (Mg2+). In the presence of CheZ (red), 
the reaction is assisted by the glutamine 147 
(Q147) side chain, which may help orient 
the “attacking” water molecule (purple) 
through a hydrogen-bonding interaction.
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Structural and Functional Characterization of 
Ohr, an Organic Hydroperoxide Resistance  
Protein from Pseudomonas aeruginosa
J. Lesniak, W.A. Barton, and D.B. Nikolov

Memorial Sloan-Kettering Cancer Center

Pathogenic bacteria have developed complex strategies to detoxify and repair 
damage caused by reactive oxygen species. These compounds, produced 
during bacterial aerobic respiration, as well as by the host immune system 
cells as a defense mechanism against the infectious microorganisms, have 
the ability to damage nucleic acids, proteins, and phospholipid membranes.  
We have determined the crystal structure of Pseudomonas aeruginosa Ohr, 
a member of a recently discovered family of organic hydroperoxide resistance 
proteins. Using in vitro assays, we demonstrate that Ohr is a novel hydrop-
eroxide reductase, converting both inorganic and organic hydroperoxides 

to less toxic metabolites. Structure-based mutagenesis reveal that 
the Ohr catalytic mechanism is similar to that of the structurally 
unrelated peroxiredoxins, directly utilizing highly reactive cysteine 
thiol groups to elicit hydroperoxide reduction.

Pseudomonas aeruginosa, a versatile and ubiquitous Gram-neg-
ative bacterium, is one of the major causes of opportunistic 
human infections, such as bacteremia in burn victims, urinary 
tract infections in catheterized patients, pneumonia, and is a 
significant cause of morbidity and mortality in cystic fibrosis 
patients. During the course of host infection, P. aeruginosa is 

exposed to a variety of reactive oxygen species, including organic hy-
droperoxides. Their detoxification is essential for bacterial survival and 
proliferation, and genes involved in protection against organic peroxide 
toxicity play important roles in host-pathogen interactions.  

A recently described family predicted to have such properties encom-
passes the organic hydroperoxide resistance (Ohr) and the osmotically 
inducible (OsmC) proteins. Prior to our experiments, the molecular 
mechanism that Ohr and OsmC utilize to protect bacteria from organic 
hydroperoxides had not been identified. We, therefore, determined the 
crystal structure of P. aeruginosa Ohr, revealing an oval-shaped molecule 
that lacks significant structural similarity to other proteins. Ohr is a 
tightly folded a/b homodimer with two putative active sites located at 
the monomer interface on opposite sides of the molecule. Each of the 
active sites contain two invariant cysteines, which are ideally located 
to form an intramolecular disulfide bond. The structural details of the 
Ohr active site suggest that the molecule functions as an organic hydro-
peroxide reductase, which was confirmed using in vitro enzyme assays.  

Structure based mutagenesis was used to clarify the enzymatic mech-
anism and the role of the invariant cysteine residues, documenting that 
Cys-60 is indispensable for Ohr enzymatic activity, and that Cys-124, 
while not absolutely required for activity, is necessary for the mainte-
nance of a high peroxidase reaction rate. We postulate that the interac-
tion between Cys-60 and Arg-18 in Ohr has a major role in lowering 
the pK

a
 of the thiol side chain of Cys-60, polarizing and stabilizing it 

in the ionized state, which is more nucleophilic and therefore more 
reactive than the unionized form. The increased reactivity of the Cys-
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60 thiol group allows it to function as the initial attacking residue as 
follows: First, Cys-60 reacts with a peroxide molecule (ROOH), in the 
process becoming transiently oxidized to a cysteine sulfenic acid (Cys-
60-SOH) intermediate. A molecule of peroxide is simultaneously 
reduced to its corresponding alcohol (ROH). Second, the Cys-60-
SOH group quickly reacts with the reduced thiol group of Cys-124, 
forming an intramolecular disulfide bond and releasing a molecule 
of water: Cys-60-SOH + HS-Cys-124 → Cys-60-S-S-Cys-124 + 
H

2
O. Finally, oxidized Ohr is regenerated back to its enzymatically 

active, reduced state using a yet unidentified endogenous protein or 
a small-molecule reductant.

Figure 1. Structure of the Ohr dimer bound 
to dithiothreitol (DTT). One monomer is 
in red, the other in blue. DTT is shown in 
creatine phosphokinase (CPK) format, with 
oxygen atoms in red, carbon atoms in black, 
and sulfur atoms in yellow.

Figure 2. Molecular surface rendering of the 
Ohr dimer. The catalytically active Cys-60 
(yellow) lies at the bottom of the active-site 
pocket, which is outlined with hydrophobic 
residues (green).
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Insights into Antifolate Resistance from Ma-
larial DHFR–TS Structures
J. Yuvaniyama1, P. Chitnumsub2, S. Kamchonwongpaisan2, J. Vanichtanan-
kul2, W. Sirawaraporn1, P. Taylor3, M. Walkinshaw3, and Y. Yuthavong2

1Department of Biochemistry, Faculty of Science, Mahidol University, Thailand; 2BIO-
TEC, National Science and Technology Development Agency, Thailand Science Park, 
Thailand; 3Institute of Cell and Molecular Biology, The University of Edinburgh, UK

Plasmodium falciparum dihydrofolate reductase-thymidylate synthase (PfD-
HFR–TS) is the main target of antimalarial antifolate drugs like pyrimeth-
amine or cycloguanil, which inhibit the DHFR part of the bifunctional 
enzyme. Resistance to this class of drugs is now widespread due to muta-
tions, which result in lower inhibitor binding affinities of DHFR. Scien-
tists from the BIOTEC Center and Mahidol University in Thailand, and 
the University of Edinburgh, UK, have obtained the first crystallographic 
structures of wild-type and mutant PfDHFR-TS in complex with either 

pyrimethamine or WR99210, an inhibitor with high binding 
affinities with both wild-type and mutant enzymes. This research 
reveals the binding modes of the inhibitors with the target, and 
gives insights into the basis of antifolate resistance and possible 
approaches to the design of new drugs to overcome the resistance.

Antifolate antimalarials, such as pyrimethamine and progua-
nil, a prodrug of cycloguanil, have long been used clinically 
in the treatment of malaria infection, especially that due 
to Plasmodium falciparum. The drugs act by inhibiting the 
dihydrofolate reductase activity of the P. falciparum enzyme 

dihydrofolate reductase–thymidylate synthase (PfDHFR–TS), and con-
sequently preventing dTMP production and DNA synthesis. However, 
these drugs, as well as their combinations with sulfa drugs, have been 
compromised by parasite resistance. It is generally accepted that the 
resistance generally arises from mutations in PfDHFR–TS, first at resi-
due 108 and subsequently at other residues, including 51, 59 and 164, 
resulting in increasingly poorer binding affinities of the enzyme with 
the inhibitors. However, WR99210, which differs from the compro-
mised inhibitors in having a flexible side-chain, still binds tightly with 
the mutant enzymes and retains its antimalarial efficacy. Understanding 
the structural basis of interaction between drugs and the PfDHFR-TS, 
and the differences that determine drug efficacy, is important for the 
potential development of novel antimalarial drugs.

Structures of the wild-type, double mutant (C59R+S108N) and qua-
druple mutant (N51I+C59R+S108N+I164L) forms of PfDHFR–TS 
have been determined in complex with either pyrimethamine or 
WR99210 (Figure 1).  The enzyme is a homodimer, with two TS 
domains (288 residues each) interacting extensively to form two active 
sites similar to TS from other species. The DHFR domain (231 resi-
dues) is attached to each TS directly and also through the interaction 
with the junction region (89 residues). While sharing overall features 
with DHFR from other species, PfDHFR has two extra inserts that in-
teract with the TS domain and the junction region. The junction region 
moreover interacts extensively with both the TS and DHFR domains.  
These interdomain interactions help to pull the two DHFR domains 
closer to one another than those of Leishmania major DHFR–TS, the 
only other homologous, bifunctional enzyme with known structure, 
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and are probably responsible for the previously known fact that PfTS 
needs the presence of both DHFR and the junction region in order to 
express its activity. In addition, there are linings of positive electrostatic 
potentials on the molecular surface contributed by conserved basic 
amino acids that trace the paths between the DHFR and TS active sites.  
These may function as surface electrostatic channels that lead dihydro-
folate from TS to DHFR active sites, similar to what was observed in 
the L. major DHFR–TS structure. Such substrate channeling may serve 
to promote effective dTMP production in the synthesis cycle.

The structure of the double-mutant enzyme with bound pyrimethamine 
shows that the S108N mutation causes steric conflict for binding of 
the rigid p-chlorophenyl side-chain of the inhibitor, especially around 
the Cl atom, in agreement with the previous prediction from modeling 
studies. In contrast, the structure of the quadruple-mutant enzyme with 
bound WR99210 shows that the flexible (2,4,5-trichlorophenoxy)prop
yloxy side-chain is oriented in such a way as to avoid this steric conflict 
(Figure 2). The flexible side-chain also interacts extensively with the 
enzyme, mainly through hydrophobic interactions. The quadruple mu-
tant furthermore shows movement of residues 48–51 (0.5–2.2 Å) and 
residues 164–167 (0.3–0.5 Å), probably as the results of the N51I and 
I164L mutations, respectively, which widens the active-site gap between 
the Cα atoms of C50 and residue 164 from 16.0 Å to 17.3 Å.  These 
changes likely contribute to the reduction in binding affinities of rigid 
inhibitors like pyrimethamine, but can be accommodated by flexible 
inhibitors like WR99210. The binding mode of WR99210 gives insight 
into the design of novel inhibitors that would be capable of averting the 
effects of mutations, which reduce the binding affinities of other, more 
rigid inhibitors.

Figure 1. Ribbon diagram of the overall 
structure of the wild type PfDHFR-TS 
with bound WR99210, NADPH, and 
dUMP drawn in green, cyan, and yellow, 
respectively.  N-terminal DHFR domains are 
in red, while C-terminal junction regions and 
TS domains are in blue. N and C termini and 
the inserts unique to plasmodial DHFR-
TS are indicated. A short helix in Insert 1 
and a long helix in Insert 2 are labeled as 
α

i1
 and α

i2
, respectively. Termini and α

i1
 

helix are on the back of the molecules in 
this orientation. The putative links between 
DHFR and TS domains shown as dashed 
gray curves are based on intermolecular 
spaces in crystal packing around the regions 
of unobserved residues. The helices α

j1
 in 

the junction region are involved in domain 
attachment, thus orienting the TS domains 
for dimerization into a functional unit.

Moreover, the structures provide clues to the 
design of novel types of inhibitors that act 
by interfering with interdomain interactions, 
which include interaction of TS with DHFR 
and Insert1, as well as the electrostatic 
attraction between the junction-region helix 
and the surface groove at the DHFR–TS 
domain interface.  Since the activity of PfTS 
depends on these interactions, agents which 
interfere with them rather than the active 
sites per se may also cause the selective 
inhibition of malarial dTMP synthesis.

Figure 2. Comparison of enzyme-inhibitor 
interactions at the active sites of wild-type 
(lighter model) and V1/S quadruple mutant 
PfDHFR-TS in stereo view. Both enzymes 
are complexed with WR99210 (WR, in 
cyan) and NADPH (NDP, in magenta).  
The flexible tail of WR99210 allows it to 
bind in a conformation not affected by 
the pyrimethamine-resistant mutations 
(N51I+C59R+S108N+I164L), labeled in red.
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Crystal Structure of the Carboxyltransferase 
Domain of Acetyl Coenzyme A Carboxylase
L. Tong, B. Tweel, Y. Shen, and H. Zhang

Department of Biological Sciences, Columbia University

Acetyl-CoA carboxylases are crucial for the biosynthesis and oxidation of 
long-chain fatty acids. They are targets for drug development against obesity 
and diabetes, and several herbicides function by inhibiting the carboxyl-
transferase (CT) domain of these enzymes in plants. We have determined 
the crystal structures of yeast CT free enzyme and the CoA complex at 2.7 
Å resolution. The structure of CT comprises two domains, both belonging to 
the crotonase/ClpP superfamily. The active site is at the interface of a dimer. 
The herbicides target the active site of CT, providing a lead for inhibitor 
development against human ACCs.  

Mammalian, yeast, and most other eukaryotic ACCs are large, 
multi-functional enzymes, containing the biotin carboxylase (BC) 
domain, the biotin carboxyl carrier protein (BCCP) domain, and 
the carboxyltransferase (CT) domain (Figure 1a). BC catalyzes the 
ATP-dependent carboxylation of a biotin group covalently linked 
to a lysine residue in BCCP, and then CT catalyzes the transfer of 
the carboxyl group from biotin to acetyl-CoA to produce malonyl-
CoA (Figure 1b). In E. coli and other bacteria, ACCs are multi-
subunit enzymes, with BC, BCCP, and two subunits for the CT 
(Figure 1a). 

We have determined the crystal structures of the CT domain of 
yeast ACC, which constitutes the 90 kD fragment at the C-terminus of 
the protein (Figure 1a). Each CT domain molecule is made up of two 
sub-domains, N and C domains, that are intimately associated with 
each other (Figure 1c). The two domains share similar polypeptide 
backbone folds, with a central β-β-α super-helix. However, the amino 
acid sequence identity between the structurally equivalent residues 
of the two domains is only 12%, underscoring the lack of sequence 
conservation between them. The backbone fold is similar to that of 
the crotonase/ClpP superfamily, even though the amino acid sequence 
identity between CT domains and these other proteins is less than 14%.

A dimer of the CT domain is observed in the crystal as well as in solu-
tion. About 5300 Å2 of the surface area of each monomer is buried in 
the dimer interface, involving mostly residues that are highly conserved 
among the ACCs. The dimer is formed by the side-to-side arrange-
ment of the two monomers, such that the N domain of one molecule is 
placed next to the C domain of the other (Figure 1c).

 The structure of the CoA complex shows that the active site of the en-
zyme is at the interface of the dimer (Figures 1c, 2a). Residues in this 
active site are well conserved among the various CT domains. 

Herbicides that target the CT domain are powerful inhibitors of 
plastid ACC and can kill sensitive plants by shutting down fatty acid 
biosynthesis. Mutagenesis and biochemical studies showed that an Ile 
residue in the CT domain plays an important role in determining the 
sensitivity of the wheat enzyme to the commercial herbicides. An Ile→
Leu mutation renders the wheat enzyme resistant to the herbicides, 
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and plant ACCs that are insensitive to the herbicides have a Leu residue 
at this position. This residue is equivalent to Leu1705 in yeast ACC, 
which is located deep at the bottom of the active site cavity and also in 
the dimer interface. Thus, mutagenesis and structural 
information suggest that the herbicides target the ac-
tive site of CT. Our kinetic experiments confirm that 
the herbicide haloxyfop is a competitive inhibitor of 
yeast CT with respect to the substrate malonyl-CoA 
(Figure 2b). 

The successful development of inhibitors against the 
active site of the CT domain of plant ACCs holds 
promise for the development of inhibitors against 
other CT domains, especially those of human ACCs. 
Our structural information on the CT domain pro-
vides a starting point for understanding the catalysis by 
this enzyme as well as for designing and optimizing its 
inhibitors.

Figure 1. Structures of ACCs. (a) Schematic 
drawing of the primary structures of 
eukaryotic, multi-domain ACC and bacterial, 
multi-subunit ACC. (b) The chemical 
reaction catalyzed by CT. (c) Schematic 
drawing of the structure of the CT domain 
dimer of yeast ACC. The CoA molecule 
bound to one monomer is shown as a stick 
model. 

Figure 2. The active site of CT. (a) Molecular 
surface of the active site region of CT. 
(b) Double-reciprocal plot showing the 
competitive inhibition of the yeast CT 
domain by the herbicide haloxyfop.
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A Salmonella Invasion Protein That Acts as a 
“Molecular Staple”
M. Lilic2,  V.E. Galkin1,  A. Orlova1, M.S. VanLoock1, E.H. Egelman1, and C.E. 
Stebbins2 

1University of Virginia; 2The Rockefeller University

Salmonella invasion protein A (SipA) is an important virulence factor 
injected into host cells, where it modulates the cytoskeleton by polymer-
izing actin. By combining high resolution X-ray crystallography of SipA, 
reconstructions of electron micrographs of actin-SipA filaments, modeling, 
and structure-based mutagenesis, we demonstrate that SipA functions as a 
‘molecular staple,’ in which a central globular domain and two non-globu-
lar ‘arms’ mechanically stabilize the filament by tethering actin subunits in 
opposing strands.

The etiological agents of plague, typhoid fever, certain food poisonings, 
and other medically relevant bacterial diseases utilize a type III pro-
tein-secretion system to translocate virulence factors, which modulate 
eukaryotic biochemical processes, into host cells. Salmonella species 
make use of a diverse repertoire of virulence factors, many that target 
and modulate the structure of the host actin cytoskeleton. 

Mutants of Salmonella typhimurium with a disruption of the sipA gene 
show an attenuated virulence in bovine intestinal models, impaired 
ability to invade cells, and less robust and localized membrane ruffling 
as compared with the wild type strain. Biochemically, the SipA protein 
of Salmonella is able to bind to actin, reduce the critical concentration 
for the formation of F-actin, stabilize actin filaments, and potentiate the 
actin nucleating and bundling activity of other virulence factors. 

The crystal structure of an active S. typhimurium C-terminal domain of 
SipA (residues 497-669, henceforth SipA497-669) was solved using mul-
tiple anomalous dispersion (MAD) techniques on SeMet substituted 
protein and refined to 1.8Å resolution (Figure 1). SipA497-669 possesses a 
novel three-dimensional structure that, in particular, has no relationship 
to any known actin binding proteins. This domain of SipA folds into a 
compact, heart-shaped molecule dominated by helical secondary struc-
ture with dimensions of roughly 30x40x40 Å. In the crystal, the protein 
is ordered only between residues 513 and 669 (leaving 15-20 amino 
acids disordered at the ends) and the N and C-termini are located at op-
posite ends of the molecule (the “bottom” and “top,” respectively). 

The compact nature of this domain of SipA was unexpected, as previous 
biophysical and electron microscopic (EM) reconstructions of the larger 
construct SipA446-684 had indicated that the molecule was quite extended 
in conformation (~ 95Å). In order to reconcile these observations, EM 
studies of G and F-actin in the presence of SipA497-669 were undertaken 
in collaboration with the group of Edward Egelman at the University of 
Virginia. These studies reveal that this smaller construct binds to actin 
as a globular structure with small non-globular extensions (“arms”) that 
connect different actin monomers (Figure 1). Comparisons between 
EM densities from larger SipA constructs and SipA497-669 reveal that they 
differ primarily in the length of the non-globular extensions, whereas 
the central globular density remains similar.
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The fit of SipA497-669 into the EM reconstructions places the SipA 
termini proximal to the linking arms, suggesting a model in which 
SipA would function as a kind of “molecular staple,” centered upon the 
globular domain for binding actin and linking opposite strands us-
ing the non-globular extensions. This hypothesis was tested by a series 
of truncations designed to remove one or both of the “arms” of SipA. 
Deletion of the arms severely impaired the ability of SipA to polymerize 
actin, although not its ability to bind pre-formed F-actin, supporting 
our idea that the arms are key to the linking of actin protomers in the 
filament.

Figure 1.  Superimposed on a background of 
Salmonella induced ruffling in intestinal cells 
is the EM density (red box) of SipA-actin 
with the actin (red) and SipA (green) crystal 
structures modeled.  In the green box is a 
model of SipA showing hypothetical “arms” 
extending from the X-ray structure.
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Polymers can Force Calcite to Form via  
Amorphous Mineral Precursors — and 
Synchrotron X-ray Studies can Reveal the 
Details
E. Dimasi1, V.M. Patel2, M. Sivakumar2, M.J. Olszta2, Y.P. Yang2, and L.B. 
Gower2 

1Brookhaven National Laboratory; 2University of Florida 

Scientists at Brookhaven National Laboratory and the University of Florida 
have used synchrotron x-ray scattering to monitor how mineral crystals and 
films form at an organic boundary surface, a process related to biological 
mineral formation. Beneath an organic monolayer, calcium carbonates 
crystallize rapidly from solution into calcite, but the addition of polymers 
produces an amorphous thin film and delays the conversion to crystalline 
calcite. The x-ray measurements reveal that the amorphous thin film forms 
through kinetic mechanisms rather than the previously assumed templating 
mechanism, where the atomic positions of organic functional groups match 
the lattice spacing of the mineral crystal. 

In a process called biomineralization, some living organisms incorporate 
insoluble mineral compounds into their biological structures, creating 
biominerals that are usually hard but much less brittle than the inor-
ganic (geological) minerals. Such biominerals are all the more fascinat-
ing because of the wealth of minerals having the same composition 
but different crystal structures used by animals. For example, calcium 
carbonates (CaCO

3
) are abundant geologically but mainly as the stable 

minerals calcite and aragonite. But numerous marine invertebrates 
incorporate a broader range of calcium carbonates into their shells, such 
as the metastable vaterite and unstable amorphous hydrated calcium 
carbonates.

To study the biomineralization mechanisms, we have assembled organic 
molecules on a supersaturated CaCO

3
 solution. The cations (Ca2+) in 

solution are attracted to the negatively charged monolayer of organic 
molecules at the surface, creating an ion-rich region that eventually 
crystallizes into one or more crystal forms of CaCO

3
 (Figure 1). Up to 

now, this process had never been monitored by a quantitative structural 
probe.

For the first time, we have determined the cation binding by analyzing 
the x-ray reflectivity from the initially assembled film. We found that, in 
the presence of polyacrylic acid – a soluble polymer which may mimic 
the action of biomolecules – the  number of calcium cations bound to 
the surface layer was 80% less than in the case without polymer. Thus, 
the acidic macromolecules affect biomineralization primarily by reduc-
ing the concentration of cations at the monolayer. Instead, the charged 
polymer concentrates the ions to form a metastable amorphous layer, 
from which they can begin to crystallize against the overlying organic 
monolayer.

Without an appropriate organic template, this polymer-induced precur-
sor initiates the formation of calcite homogeneously in solution, and, 
in some cases, we noticed that the amorphous precursor has a liquid-
like consistency. This observation suggests that it may be possible for 
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living organisms to “mold” biomineral crystals through a precursor 
mechanism. The organic substrate therefore controls the liquid-like 
or solid nature of the precursor material, a mechanism that may allow 
the fabrication of synthetic “biomimetic,” or biomineral-inspired, 
materials.

At beamline X22B, we have measured both x-ray reflectivity 
– sensitive to the surface-normal density profile of the film – and 
grazing-incidence diffraction – probing in-plane structure – during 
the 20-hour biomineralization process. The time series of reflec-
tivity curves (Figure 2a) displays interference patterns showing 
that a thick film grows beneath the organic monolayer. Fitting a 
structural model to this data indicates that the film has a density 
comparable to amorphous, hydrated CaCO

3
 phases, half as dense 

as the anhydrous crystalline forms.  

During the 20-hour biomineralization process, diffraction patterns 
within the layer plane (Figure 2b) show that the organic monolayer 
retains a tightly packed, two-dimensional structure, but no crystalline 
diffraction from the underlying mineral is observed.  

These x-ray measurements provide important new information: 
Biomineralization can occur through an amorphous precursor, even 
when no structural alignment between the organic monolayer and the 
mineral is present. Also, simple variations in polymer concentration and 
supersaturation have pronounced effects on mineralization rate. These 
results are in contrast to suggestions in the literature, which have relied, 
up to now, upon assumptions regarding the alignment of crystals to 
organic monolayer templates. Our study shows that in-situ structural 
probes are increasingly important in illuminating the mechanisms of 
biomineralization.

Figure 1. Scheme for biomineralization 
at an organic monolayer. A fatty acid, 
CH

2
(CH

3
)

18
COOH, self-assembles at the 

surface of an aqueous layer supersaturated 
in calcium (Ca2+) and carbonate (CO

3
2-) 

ions and containing dissolved poly(acrylic 
acid). At the negatively charged fatty acid 
headgroups, the ions that are sequestered 
by the polymer collect and heterogeneously 
form an amorphous hydrated mineral film, 
which reaches a thickness of more than 30 
nanometers in 20 hours. The amorphous film 
subsequently crystallizes into calcite. 

Figure 2. (a) Time series of normalized 
reflectivity curves from initial preparation of 
the sample through the growth of the mineral 
film. Oscillations in the data (symbols) are 
due to the reflection of x-rays from interfaces 
defined by the surface layers. Fit curves (lines) 
allow quantitative determination of the length 
scales and densities of both monolayer and 
mineral. The sharp peak near the origin 
is the main time-dependent feature, and 
provides a direct measure of the thickness of 
the mineral film. (b) Time series of in-plane 
scattering in a grazing incidence geometry, 
which is sensitive to the order of surface 
species within the layer plane. The observed 
peaks are consistent with tightly compressed 
fatty acid monolayers. Bragg diffraction peaks 
from crystalline calcium carbonate (CaCO

3
) 

mineral species are not observed during this 
phase of mineral film growth, showing that 
the precursor film is amorphous.

������
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Defects in Ethylene-Propylene Copolymer 
Crystals Drive Change in Lattice Geometry
W. Hu1, S. Srinivas1, and E.B. Sirota2 

1ExxonMobil Chemical Company;  2ExxonMobil Research and Engineering Company

By using x-ray light generated by the National Synchrotron Light Source, 
Exxon Mobil Corporation scientists have undertaken the challenging task 
of determining how defects affect the structure of crystals. Combining the 
power of wide-angle x-ray scattering and solid-state nuclear magnetic reso-
nance, the scientists have shown how the incorporation of methyl branches 
in polyethylene crystals affect their transition from an orthorhombic to a 
hexagonal phase.

Defects exist in all crystalline materials and exert a substantial effect on 
their physical and mechanical properties. The structure of defects in 

large-molecule crystals, such as polymers, is highly complex. 
So, many experimental and theoretical investigations have 
been and are still being very actively pursued.

In polymer crystals, scientists distinguish two types of defects, 
called dynamic and static. Dynamic defects are thermally-
activated, large-amplitude chain motions that facilitate the 
deformation and mechanical damping of the crystals, whereas 
static defects are mostly due to the non-regularity of monomer 

units along polymer chains. 

One example of static defect is that in ethylene (C
2
H

4
) copolymers, 

especially ethylene-propylene (EP) copolymers. By copolymerizing 
ethylene and propylene (C

3
H

6
), the polymer chain has mostly (CH

2
)

n
 

units with randomly placed methyl (CH
3
) side groups or branches. 

EP and other such “defected” polyethylenes, called linear low-density 
polyethylene (LLDPE), are of substantial commercial importance, with 
an annual U.S. production of more than 3.5 million tons. 

With increasing defect concentration in the crystal, the crystalline 
lattice changes from an orthorhombic phase, with little or no methyl 
branches, to a hexagonal phase, with more methyl branches. 

We studied the structure of static defects in EP copolymers at beamline 
X10A using wide-angle x-ray scattering (WAXS) and solid-state nuclear 
magnetic resonance (NMR), and found that chain motion in the crystal 
may serve as an important connection between the defect structure and 
change in the crystalline lattice.

WAXS data of a series of EP samples (Figure 1) show that the area per 
chain of the orthorhombic phase increases at increasing methyl branch 
content, and that the hexagonal phase emerges when the fraction of 
backbone carbons containing a methyl branch is larger than 0.095.  

The hexagonal phase has an area per chain of 21Å2, about 14 percent 
greater than that of the orthorhombic phase. The increased area in the 
hexagonal phase is probably due to a decrease in packing density caused 
by disorder and not merely due to lower density caused by packing of 
the branched chains. The abrupt change of area per chain upon the
transition from an orthorhombic to a hexagonal phase indicates that 
the hexagonal phase is a distinct phase, rather than an inherently 
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orthorhombic phase with a hexagonal geometry.

Solid-state nuclear magnetic resonance (NMR) spectra of several EP 
samples (Figure 2) show that the isotropic chemical shift (ICS), which 
is the slight difference between the intrinsic frequency at which 
each sample resonates and the frequency imposed by the NMR ap-
paratus, changes from 32.8 parts per million (orthorhombic phase) 
to 33.4 parts per million (typical of rotator phase) at increasing 
propylene content. This can be interpreted as an increase in rota-
tional freedom at higher defect levels, which occurs simultaneously 
with the expansion of the crystalline lattice seen in Figure 1. In 
the rotator phase, each chain has approximate rotational symmetry, 
and thus the packing of the chains is naturally hexagonal. So, the 
rotator phase observed by NMR should be the hexagonal phase 
detected by WAXS. 

Combining the observations from the two techniques, we propose 
the following picture that seems to connect the observations for 
defect, molecular motion, and lattice geometry. In the polyethylene 
crystals that do not contain methyl branches, the motion of the 
chains is a 180-degree flip, followed by a slip by half the distance 
of a repeat unit. In crystals containing methyl branches, pure flip 
becomes less favorable because local segments containing methyl 
branches do not have the flip-and-slip symmetry as an ethylene 
chain without methyl branches. As a result, a certain amount of ro-
tation is added to the motional mode. Since this component gives 
chains more cylindrical symmetry, it causes the lattice change from 
orthorhombic toward hexagonal. Eventually, the increase in rotation 
amplitude leads to the transition to the rotator/hexagonal phase.

Figure 1. (Top) The computed area/chain, 
assuming the two peak orthorhombic 
structure (A

ortho
) and single peak hexagonal 

phase (A
hex

). (Bottom) The distortion order 
parameter, defined as a distortion away from 
hexagonal. φ is the fraction of backbone 
carbons containing a methyl (CH

3
) branch.

Figure 2. Cross polarization/magic angle 
spinning (CP/MAS) solid-state nuclear 
magnetic resonance spectra of ethylene-
propylene copolymers for different values 
of φ, the fraction of backbone carbons 
containing a methyl (CH

3
) branch: (a) 0.133, 

(b) 0.102, (c) 0.064, and (d) 0.
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Structure of V
2
O

5 
 nH

2
O Xerogel Solved by the 

Atomic Pair Distribution Function Technique
V. Petkov1, P.N. Trikalitis1, E.S. Bozin1, S.J.L. Billinge1, M.G. Kanatzidis1, and  
T. Vogt2

1Michigan State University; 2Brookhaven National Laboratory

The structure of most materials can be determined because they can be 
crystallized and thus studied by a technique called crystallography. But 
disordered materials lack the periodicity of crystals and show diffraction 
patterns that are much more diffuse. Scientists from BNL and Michigan 
State University have successfully applied a technique called atomic pair 
distribution function at NSLS beamline X7A to determine the structure of 
the V

2
O

5
·nH

2
O xerogel, a disordered material that could be used in chemi-

cal sensors, fast switching devices, and reversible lithium ion batteries. 

The V
2
O

5
·nH

2
O xerogel, an organic polymer that can swell in suitable 

solvents to yield particles possessing a network of polymer 
chains, has fascinated researchers for many decades and 
inspired an intensive search for potential applications, such 
as chemical sensors, fast switching devices, and reversible 
lithium ion batteries. Despite decades of experimentation 
with this xerogel, its atomic structure has remained some-
what of a mystery because it does not form crystals but ex-
ists only as ribbon-like particles about 10 nanometers wide 
and one micrometer long, as shown in Figure 1.

The limited diffraction pattern of V
2
O

5
·nH

2
O makes it impossible 

to determine its three-dimensional structure using traditional crys-
tallographic techniques. But the pattern contains a small number of 
features that indicate the presence of intermediate-range order and a 
pronounced diffused component. These are characteristics of “nano-
crystalline” materials that have well-ordered local structures limited to 
the nanometer-length scale. 

Scientists have put forward two competing structural models for 
V

2
O

5
·nH

2
O. Jacques Livage of the University of Paris VI proposed that 

the xerogel, on the atomic scale, is a stack of corrugated single layers of 
VO

5 
units, with the layers closely related to those occurring in crystal-

line V
2
O

5
. On the other hand, Y. Oka of Kyoto University proposed 

that the xerogel is made of V
2
O

5 
bilayers according to the crystalline 

structure of either Na
x
V

2
O

5 
 or K

x
V

2
O

5 
(where x is an integer). But nei-

ther model can fully explain experimental observations made using the 
x-ray diffraction technique nor describe the atomic structure in terms of 
a unit cell and atomic coordinates.  

We have determined the three-dimensional structure of V
2
O

5
·nH

2
O 

using the atomic pair distribution function (PDF) technique, which 
has emerged recently as a powerful and unique tool for the structural 
characterization of crystalline materials with significant disorder. The 
strength of the technique is that it takes into account all components 
of the diffraction pattern and thus reflects the longer-range structural 
order and the local deviations from it. The technique is gaining impor-
tance because of the availability of high energy, high flux synchrotron 
sources, such as the NSLS, that make accurate and fast data collection 
possible. 

Authors (from left): Valeri Petkov, Pantelis 
Trikalitis, and Mercouri Kanatzidis
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We have shown that the structure of V
2
O

5
·nH

2
O can be well described 

as an assembly of almost perfect bilayers of single V
2
O

5
 layers made 

of square pyramidal VO
5 
units with water molecules residing between 

them, as shown in Figure 2. The stacking sequence is imperfect because 
of the extensive turbostratic disorder in this material, meaning that the 
layers are stacked in one direction, but rotated every one way in the 
other two, similar to a deck of cards that has not been straightened after 
a game. 

This structure explains almost all known spectroscopic, physical, and 
chemical properties of the material, and reveals the atomic ordering in 
the individual ribbon-like particles, as shown in Figure 3. 

The most important outcome of the study is that it yields the three-di-
mensional structure of nanocrystalline V

2
O

5
nH

2
O in terms of a rela-

tively simple model with only few meaningful parameters, such as its 
unit cell and symmetry. This work also shows that, even with a very low 
degree of structural coherence, at synchrotrons such as NSLS, using the 
right techniques, it is possible to determine nanoscale structures at the 
atomic level.

Although the PDF technique is not an ab initio structure determination 
technique, it can successfully distinguish between different structural 
possibilities, giving both local and long-range structural information.

Additional contact information:
Simon J. L. Billinge, Department of Physics and Astronomy, Michigan 
State University, East Lansing, MI 
Email: billinge@pa.msu.edu

Figure 1. Transmission electron 
microscopy image of the V

2
O

5
·nH

2
O 

xerogel.

Figure 2. Structure of V
2
O

5
·nH

2
O xerogel 

(polyhedra and ball-stick model), as revealed 
by using the atomic pair distribution function 
technique. Characteristic distances are shown. 
Water molecules are shown in green.

Figure 3. Ribbon-like representation of 
V

2
O

5
·nH

2
O xerogel showing intermediate 

structural makeup and overall V
2
O

5
 slab 

organization.
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A Synchrotron WAXD Study on the Early 
Stages of Coagulation During PBO Fiber 
Spinning
S. Ran1, C. Burger1, D. Fang1, X. Zong1, B. Chu1, B.S. Hsiao1, Y. Ohta2, K. 
Yabuki2, and P.M. Cunniff3

1Department of Chemistry, State University of New York at Stony Brook; 2Toyobo 
Research Center Co. Ltd., Katata, Ohtsu, Shiga, Japan; 3Department of the U.S. Army, 
Soldier and Biological Chemical Command

The structural development at the very early stages of the coagulation process 
during PBO fiber spinning was investigated using synchrotron wide angle 
X-ray diffraction (WAXD). PBO was found to segregate into the PPA-free 
domains immediately upon the contact with water. Our results confirmed 
the hypothesis that the first step of the coagulation process during spinning 
was the formation of pure PBO stacks, with interstack order being formed 

later.

Poly(p-phenylene benzobisoxazole) (PBO) fiber is known to be 
the strongest commercial synthetic polymer fiber. Its excellent 
mechanical properties and superb thermal stability make PBO 
the optimum material for high performance applications like 
lightweight bulletproof vests, helmets, and fire-resistant suits. 
The manufacturing process for PBO fibers involves dry-jet 
wet-spinning from a polymer solution in poly(phosphoric 
acid) (PPA). After spinning, the fiber is coagulated in water 
to remove the PPA component. Although the coagulation 

process was found to strongly affect the final PBO fiber properties, the 
structural evolution during the coagulation process had never been fully 
understood. In this work, a gel spinning apparatus was modified to 
study the fiber during coagulation with time resolution as short as 0.03 
sec. The PBO/PPA dope was spun at 160 ºC. Two-dimensional wide 
angle X-ray diffraction (WAXD) images were recorded using a CCD 
X-ray detector at beamline X27C.

Figure 1 shows the one-dimensional equatorial scattering profiles of the 
PBO filament before coagulation and at different coagulation times. 
Two scattering peaks were found on the equator before coagulation 
(Figure 1A), corresponding to d-spacings of 9.67 Å and 4.45 Å, respec-
tively. These two equatorial peaks suggest that the molten dope struc-
ture is not simply nematic. The second peak was much stronger than 
the first one, excluding the possibility of a hexagonal-like disordered 
close packing. We attributed this structure to a “biaxial nematic” order, 
where the mesogenic unit was a well-defined complex between PBO 
and PPA molecules. After the fiber passed through the water bath, even 
if the coagulation time was as short as 0.03 sec (Figure 1B), an addi-
tional peak at d = 3.36 Å appeared, which corresponded to the eventual 
010 reflection of the final PBO crystal structure, implying that PPA-
free stacks of flat PBO molecules had been formed immediately at the 
very beginning (~0.03 sec) of the coagulation process. With increasing 
coagulation time, this peak became stronger, indicating that more PPA-
free PBO regions had been formed.

We did not, however, observe the appearance of the 200 reflection of 
the final PBO crystal (d = 5.46 Å), even after the short coagulation time 
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of 0.3 sec. This result confirms that the first step of coagulation is the 
formation of face-to-face stacks of PBO molecules on top of each other, 
separated by a 3.36 Å spacing. There is no significant lateral packing 
order between these stacks at this early stage of the coagulation, 
as shown schematically in Figure 2A. We assume that, after 
the PBO stacks accumulate to a certain critical fraction, the 
lateral packing ordering between the stacks would be formed, 
resulting in the appearance of the 200 reflection. When co-
agulation time is long enough, such that all of the PPA solvent 
is washed away, a (210) reflection will be observed, indicating 
that the order in the fiber cross section is no longer of short 
range nature only, but that a two-dimensional lattice with a cer-
tain degree of long-range order has been formed (Figure 2B).

Figure 1. One-dimensional equatorial 
intensity profiles of PBO fiber at various 
coagulation times.

Figure 2. Schematic representation of sanidic 
or biaxial nematic packings: PBO-PPA solvate 
complexes (A) and pure PBO molecules (B), 
respectively, are represented by plank-shaped 
units with appropriately scaled cross-sections. 
The heights of these units are actually much 
larger than shown in the figure. The WAXD 
equator will show strong (0k0), weak (h00), 
and no mixed (hk0). (C) Two-dimensional 
long-range order in the cross-section (mixed 
(hk0) reflections) with translational disorder 
in the fiber direction (no mixed (hkl) 
reflections).
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Visualizing the Ca2+ Dependent Activation of 
Gelsolin using Synchrotron Footprinting
J.G. Kiselar1,3, P.A. Janmey4, S.C. Almo2,3, and M.R. Chance1-3

1Department of Physiology & Biophysics and 2Biochemistry, and 3Center for Syn-
chrotron Biosciences, Albert Einstein College of Medicine; 4Institute for Medicine and 
Engineering, University of Pennsylvania

Gelsolin is a Ca2+-dependent protein composed of six homologous subdo-
mains (denoted S1-S6) that severs actin filaments (F-actin) and caps the 
fast-growing barbed end with high affinity. The helical tail of S6, termed 
the “latch”, interacts in a non-covalent manner with the F-actin binding 
helix of S2, making its actin-binding sites inaccessible in the absence of 
Ca2+. Upon Ca2+ activation, the protein undergoes substantial changes in 
structure, involving a number of rearrangements that reveal actin filaments 
and actin monomer binding sites. Synchrotron protein footprinting was 
used to reveal detailed structural changes that occur in the Ca2+ dependent 
activation of gelsolin.

Only modest structural information is available regarding the Ca2+-in-
duced reorganization accompanying gelsolin activation. Specifically, a 
structure of S4-S6 bound to Ca2+ and actin at 3.4 Å resolution shows 
details of specific rearrangements involving S4 and S6 (Figure 1d), 
which are thought to represent steps in the Ca2+ activation process. The 
most dramatic is the disruption of the extended β-sheet between S4 and 
S6 with S6 rotating away from S4 and moving adjacent to S5; however, 
it is unclear which of the above Ca2+-binding processes induces this 
reorganization. There exists a need to develop experimental approaches 
that directly link Ca2+-binding events with structural rearrangements at 
the atomic scale.

Synchrotron protein footprinting provides a quantitative approach 
to monitor changes in surface accessibility of specific amino acid side 
chains. Hydroxyl radicals generated from a millisecond exposure of 
aqueous solutions to unattenuated “white” synchrotron radiation result 
in the stable oxidative modification of solvent accessible amino acid side 
chains. The specific extents and sites of oxidative modification are quan-
tified by proteolytic digestion and mass spectrometry. The most reactive 
residues, which represent the experimental probes for this method, 
include surface accessible cysteine, methionine, phenylalanine, tyrosine, 
tryptophan, histidine, proline, and leucine side chains. 

More than 80 peptide segments within the structure, covering 95% of 
the sequence in the molecule, were examined using this approach for 
their solvent accessibility as a function of Ca2+ concentration in so-
lution. Twenty-two of the peptides exhibited detectible oxidation; for 
seven, the oxidation extent was seen to be Ca2+ sensitive. Ca2+ titration 
isotherms (Figure 2a-d) monitoring the oxidation within residues 49-
72 (within S1), 121-135 (S1), 162-166 (S2), and 722-748 (S6) indicate 
a three-state activation process with the intermediate that was populated 
at a Ca+2 concentration of 1-5 µM, which is competent for capping and 
severing activity. A second structural transition with a mid-point of 
~60-100 µM (data shown in Figure 2a-d), where the accessibility of the 
above four peptides is further increased, is also observed. 

Tandem mass spectrometry data showed that buried residues within the 
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helical “latch” of S6 (including Pro745) that contact an F-actin bind-
ing site on S2 and buried F-actin binding residues within S2 (including 
Phe163) become exposed upon Ca2+ binding (Figure 1b-c), suggest-
ing that the helical “latch” is released in the first tran-
sition coincident with the occupancy of a high-affinity 
Ca2+-binding site in S6. However, residues within S4 
that are part of an extended ß-sheet with S6 (including 
Tyr453 that is shown in Figure 2c) are revealed only in 
the subsequent transition at higher Ca2+ concentrations 
(Figure 2e); the disruption of this extended contact 
between S4 and S6 (and likely the analogous contact be-
tween S1 and S3) likely results in an extended structure 
permitting additional functions consistent with the fully 
activated gelsolin molecule. The location of eight amino 
acids that were oxidized in the presence of Ca2+ only are 
illustrated in Figure 1a-c.

The results provide clear evidence for a three state, Ca2+-
induced activation process. State 1 corresponds to the  
“Ca2+-free” form, state 2 is the intermediate observed in 
these studies that involves some unlatching of the struc-
ture, and state 3 is the Ca2+ saturated, fully activated form. The transi-
tion between states 1 and 2 occurs at sub-micromolar concentrations, 
which is in a good agreement with the previous biochemical studies and 
is accompanied by the binding of multiple Ca2+ ions. The transition be-
tween states 2 and 3 is mediated by occupancy of lower affinity binding 
sites and accompanied by the binding of 2-3 additional Ca2+ ions.

Additional Publications:
Kiselar, J.G., et al., Int J Radiat Biol., 78, 101-14, (2002); Guan, J.Q., 
et al., Biochemistry, 41, 5765-75, (2002).

Figure 1. (a) The subunit structure of 
gelsolin. The buried residues that are revealed 
in the presence of Ca2+ are shown. The type 2 
Ca2+ binding sites in S1 and S4 are colored in 
purple. The type 1 Ca2+ binding site in S4 and 
S6 are colored in gold and green, respectively. 
The residues from S4 and S6 form a salt-link 
between the sub-units. (b) A close-up of the 
S1 type 2 site with the adjacent  reactive 
residues labeled. (c) A close-up of the S4 type 
1 site with the reactive residues labeled. (d) 
The structure of the activated C-terminal half 
of gelsolin. 

Figure 2. Ca2+ titration isotherms indicating 
changes in oxidation extent for specific 
peptides after exposure of gelsolin to the 
x-ray beam for 80 milliseconds. (a-e) The % 
oxidized peptide is shown on the right-hand 
side of the y-axis; on the left-hand side, the 
transition extent is indicated. The solid lines 
represent the fitting of the curves as described 
in the text. (f) oxidized peptides within 
gelsolin show no changes in oxidation upon 
titration by Ca2+. The % oxidized peptide is 
shown on the right- and left-hand sides.
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New Phases of Phospholipids and Implications to 
the Membrane Fusion Problem
L. Yang1, L. Ding2, and H.W. Huang2

1National Synchrotron Light Source, Brookhaven National Laboratory; 2Department of 
Physics and Astronomy, Rice University

Membrane fusion is involved in many biological processes, such as cellular 
transportation, signal transduction, and viral infection. A key element of 
the study of membrane fusion is to understand the behavior of the primary 
structural component of the membrane, the lipid bilayer, in order to eluci-
date fusion proteins’ regulatory role. In this study, we use x-ray diffraction at 
beamline X21 to study how the lipid composition affects bilayer fusion.

When two lipid bilayers fuse, they must undergo molecular rearrange-
ments at the point of merging. The role of the fusion proteins that 
strictly control membrane fusion is therefore most likely to modify the 

relative free energy of different lipid configurations, and to 
exert mechanical work that shifts the system over the energy 
barriers along the fusion pathway. In order to understand 
the role of fusion proteins and how lipid structure transi-
tions occur, researchers studied the phase transition of pure 
lipid membranes between the lamellar (L) phase (planar lipid 
layers) and the inverted hexagonal (H

II
) phase (hexagonally 

stacked lipid tubes), based on the idea that lipid must un-
dergo a similar rearrangement, as in fusion. 

However, previous investigations on the system of dio-
leoylphosphatidylcholine (DOPC) and dioleoylphosphatidylethanol-
amine (DOPE) did not reveal intermediate phases between the L and 
H

II
 phases. Recently, we found a rhombohedral phase (R) in diphy-

tanoylphosphatidylcholine (DPhPC) between its L and H
II
 phases 

using substrate-supported samples. Here we report the observation of 
the rhombohedral phase, as well as a previously not observed distorted 
hexagonal phase in DOPC-DOPE mixtures. 

The experiments were performed on model membranes that are made 
of hundreds of lipid bilayers prepared on silicon substrate. We ob-
served the phase behavior of the lipid while varying the composition 
of the sample as well as its temperature and water content (Figure 1). 
The samples in general showed all three phases that were observed in 
DPhPC. However, depending on the sample composition, these three 
phases appeared at the different parts of the phase diagram. 

It has been shown that the rhombohedral phase of DPhPC contains 
a lattice of stalk structure that was thought to be an intermediate struc-
ture during the fusion process. The existence of this phase in 
DOPC/DOPE mixtures once again confirms the stalk hypothesis for 
the L-H

II
 transition. Furthermore, the R phase exists only for a certain 

range of lipid composition (i.e. for a certain range of spontaneous cur-
vature). This implies that the free energy barrier in the fusion pathway 
is directly determined by the spontaneous curvature of the lipid bilayer.

The samples with mixed DOPC and DOPE also showed (Figure 2) 
a distorted hexagonal phase (D). Though the detailed structure of this 
phase is yet to be determined, because of the symmetry of the struc-
ture and the fact that the D and H

II
  phases are neighbors in the phase 
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diagram, the D phase very likely contains distorted lipid tubes. This 
implies that, under stress, lipids may partially demix to adjust its local 
spontaneous curvature in order to achieve energy minimum. Therefore 
demixing, or lipid sorting, may be a mechanism to pro-
mote membrane fusion. 

Figure 2. The diffraction pattern (a) from the 
distorted hexagonal phase of DOPC/DOPE  
suggests that the structure of this phase 
(model b) may contain distorted lipid tubes, 
much like those in the H

II
  phase (c). 

Figure 1. The phases diagrams of the 
structure of DOPC/DOPE multilayers as 
functions the composition, the temperature 
of the samples and the environmental relative 
humidity.
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A Monolayer of Ferritin Proteins at a Nanofilm 
Aqueous-Aqueous Interface
M. Li1, D.J. Chaiko2, and M.L. Schlossman3 

1Department of Physics, University of Illinois; 2Argonne National Laboratory; 
3Departments of Physics and Chemistry, University of Illinois

The formation of thin aqueous films on top of an aqueous subphase is 
demonstrated. The films form via a complex spreading process that results in 
the coexistence of macroscopic lenses and films that are several nanometers 
thick. Biomolecules, such as proteins, can be trapped at the aqueous-aqueous 
interface or in the thin film. This idea is demonstrated by an x-ray reflectiv-
ity study of ferritin proteins that form a two-dimensional assembly at the 
interface. It is shown that the electron density interfacial profile of the fer-
ritin trapped in this thin film is consistent with the known crystal structure 
of ferritin.

Although interfaces between bulk liquids are commonly formed 
between immiscible liquids, such as oil and water, it is also possible to 
form an interface between two aqueous solutions. For example, aqueous 
mixtures of polymers, salts, and water are known to separate into two or 
more equilibrium phases. Aqueous biphase systems (aqueous mixtures 
that form two phases) are used for the purification and separation of 
biological materials. This is possible because, although biological mate-
rials are soluble in both aqueous phases, they prefer to be in one or the 
other, and are therefore separated into one of the two. We have chosen 
to use mixtures of polyethylene glycol (PEG), potassium phosphates, 
and water to investigate the formation of protein assemblies in layers of 
aqueous solutions that are approximately four nanometers thick. Both 
the PEG and the potassium phosphates are compatible with many pro-
teins, making the mixture an appropriate choice.

We have shown that thin layers of aqueous solutions supported on a 
bulk aqueous subphase can be formed from biphase mixtures by the fol-
lowing procedure: Upon mixing the PEG, salt, and water, the resulting 
bulk liquid separates into a lower salt-rich phase and an upper PEG-
rich phase. After extracting the salt-rich phase into a separate container, 
a single drop of the PEG-rich phase is placed onto the surface of the 
salt-rich phase. The drop spreads across the entire surface, thins rapidly, 
and then breaks up into smaller drops that coarsen to form flat lenses 
with diameters on the order of one centimeter (Figure 1). Then, using 
a pipette, any lenses in the path of the x-ray beam are either aspirated 
off the surface or moved off to the side (at least one lens remains on the 
surface during the x-ray measurements). These macroscopic lenses func-
tion as reservoirs to supply the PEG-rich thin film.

We used x-ray reflectivity to demonstrate that a four nanometer-thick 
film exists in the region between the macroscopic lenses. This region 
is a thin layer of the bulk PEG-rich phase, rather than a monolayer of 
PEG. Since proteins retain their natural conformation in PEG solutions 
and protein dimensions are typically similar to the film thickness, it is 
natural to ask if this thin film can be used to collect proteins into two-
dimensional assemblies.  

In an experiment to test the proof of this principle, we demonstrated 
that ferritin proteins can be assembled into the PEG-rich thin film. 

Mark L. Schlossman

BEAMLINE

X19C

Funding
National Science Foundation Division 
of Materials Research; Petroleum 
Research Foundation administered by 
the American Chemical Society

Publication
Ming Li, David J. Chaiko, and Mark 
L. Schlossman, "An X-ray Reflectivity 
Study of a Monolayer of Ferritin Pro-
teins at a Nano-Film Aqueous-Aque-
ous Interface," J. of Phys. Chem. B, 
107, 9079-9085 (2003).

Contact information
Mark Schlossman, Department of 
Physics, University of Illinois at 
Chicago

Email: schloss@uic.edu



  

SCIENCE HIGHLIGHTS      2-1132-112       SOFT CONDENSED MATTER & BIOPHYSICS

Ferritin is used for the storage of iron, and consists of a nearly spherical 
organic shell surrounding a nearly spherical core in which the iron is 
stored. The ferritin is prepared in a solution of water and PEG, whose 
composition mimics that of the PEG-rich solu-
tion in the biphase system. A few drops of the fer-
ritin solution are added to the lower salt-rich bulk 
phase. Then, they rise to spread into the PEG-rich 
thin film. Figure 2 illustrates the electron density 
profile of this film, as measured using x-ray reflec-
tivity, and compares it to the predicted profile of 
a layer of ferritin calculated from the known mo-
lecular structure of the protein. The near-match 
of measured and calculated profiles indicates that the ferritin forms a 
two-dimensional film that is ordered normal to the interface.

The overall method described here allows proteins or other biomole-
cules to be assembled two-dimensionally and studied with x-rays. This is 
significant because many proteins do not crystallize in three dimensions, 
or may be difficult to crystallize and, therefore, cannot be studied that 
way. Allowing proteins to assemble at an aqueous surface often results in 
protein denaturation, causing the loss of the protein’s biological activity. 
Our method retains the natural shape of the protein at a liquid surface. 
Moreover, the formation of these two-dimensional arrays may be useful 
technologically because the arrays allow the biomolecules to interact 
with other molecules. This could be utilized in chemical sensing or 
catalytic applications.

Figure 1. (a) Thin layer is formed by placing 
a drop of the PEG-rich phase on the surface 
of the salt-rich phase with a pipette (top 
illustrations are a side view, bottom are a top 
view). (b) Over a period of about one second 
the drop spreads and a ring of interference 
colors can be observed. (c) After about 10 
seconds, small islands form a spinodal-like 
pattern (not as ordered as the illustration). 
(d) The pattern coarsens over a period 
of about one hour, leaving a few large 
(approximately one centimeter in diameter) 
lenses. The lenses are pushed aside with a 
pipette to allow access for the x-rays that 
probe the region between the lenses. This 
region consists of a four nanometer-thick film 
of a PEG-rich solution.

Figure 2. The electron density profile of 
ferritin adsorbed at the interface formed 
by the PEG-rich thin film and the salt-rich 
subphase. The solid curve is the profile 
determined by x-ray reflectivity, and the 
small circles are a calculation of the profile 
assuming a single layer of ferritin proteins. 
The illustration represents (nearly to scale) 
the position of the ferritin layer used for 
the calculation. The colored circular regions 
represent the core and shell of the ferritin.
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Direct Separation of Short Range Order in 
Intermixed Nanocrystalline and Amorphous 
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Using intense x-rays from beamline X16C, scientists have developed a 
new method to determine the regularity in the arrangement of atoms, 
called short-range order, in heterogeneous mixtures of the same chemical 
element in amorphous and nanocrystalline states. The method combines 
two synchrotron techniques, X-ray Absorption Fine Structure (XAFS) and 
Diffraction Anomalous Fine Structure (DAFS). For a sample containing 

amorphous and nanocrystalline germanium supported by a silicon 
dioxide matrix, the XAFS-DAFS combination allowed the scientists 
to separately analyze the short-range order of the germanium atoms.

Crystallization of amorphous materials and glasses is used to 
create commercial compact discs (CDs) and digital versatile 
disks (DVDs). The crystallization and amorphization rates can 
be increased, leading to faster and denser optical recording, by 
understanding how atoms interact within the material. Other 
possible applications resulting from this knowledge include 
studies of materials such as quantum dots, which are collections 
of between 100 and 1000 atoms, ion-damaged materials, and 
thin-film oxides.

We studied the local structure of a sample containing amorphous 
and crystalline germanium supported by a silicon dioxide matrix. The 
sample was annealed – heated and then slowly cooled down –, lead-
ing to the formation of tiny, roughly spherical crystals, or nanocrystals, 
about 15 to 20 nanometers in size (Figure 1). 

In this sample, three phases: amorphous germanium, nanocrystalline 
germanium, as well as a fraction of germanium oxide, coexisted in small 
regions, each several tens of nanometers in size, within the silicon diox-
ide host matrix. The structural analysis of these regions was particularly 
challenging because of their small size, the heterogeneity of the mixture 
inside the region, and the interfacial disorder between the three phases.

Due to the absence of the long-range order – the existence of a pattern 
that is regularly repeated – in an amorphous phase, x-ray absorption 
fine structure (XAFS) is the technique usually used to solve the local 
structure in the amorphous germanium. In this technique, x-rays are 
projected onto the sample, and the ratio of absorbed photons versus 
total incident photons is measured at different x-ray energies to deter-
mine the nature and structure of the atoms in the sample. But because 
nanocrystalline germanium and germanium-oxide are also present in 
the sample, the XAFS signal is averaged over all germanium atoms. 

Therefore, to disentangle the local structures of the amorphous and 
nanocrystalline germanium phases, as well as the germanium-oxide 
phase from the average structure around germanium atoms, it is es-
sential to measure a partial XAFS signal from germanium atoms in the 
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nanocrystalline phase. Then, co-refinement of the two XAFS signals, 
the one pertaining to the average germanium and the one related to the 
nanocrystalline germanium phase, would provide information on the 
short range order – regularity in the arrangement of atoms relative to 
their close neighboring atoms – of germanium in all three phases. 

A technique serving this purpose is called the Diffraction Anomalous 
Fine Structure (DAFS). It is a hybrid of x-ray diffraction (XRD), in 
which x-rays are scattered by the atoms of an ordered phase, and XAFS, 
where the x-rays probe the local structure around specific type of atoms 
only. Thus, by using DAFS, it is possible to selectively probe the struc-
ture of nanocrystals and completely ignore the other phases in the 
sample (Figure 2). 

The XRD, XAFS, and DAFS measurements were performed using a 
custom-designed diffraction instrument, or diffractometer, at beamline 
X16C. From the co-refinement of nanocrystalline germanium XAFS 
and the average germanium XAFS data, the mixing fractions and the 
nearest neighbor bond distances in all three phases were obtained. 
Interestingly, we found that the germanium-germanium distance in the 
amorphous germanium phase is three percent longer than that in the 
nanocrystalline germanium phase. We believe that this difference is due 
to the large contribution of long germanium-germanium bonds located 
within the distorted amorphous-nanocrystalline interface layers. 

This work illustrates that a combination of the DAFS and XAFS tech-
niques can be used to determine the short-range order around a single 
atomic type in a sample of mixed ordered and disordered phases.

Figure 1. Image obtained by a transmission 
electron microscope of a sample of germanium 
nanocrystallites embedded in silicon dioxide.

Figure 2. (Top curve): Experimental (red 
dots) and theoretical (solid, black) signals 
for germanium-oxide phase and the averaged 
nanocrystalline and amorphous germanium 
phase. (Bottom curve): Experimental (green 
dots) and theoretical (solid, black) signals 
by using the diffraction anomalous fine 
structure (DAFS) technique, showing that the 
contribution of the nanocrystalline phase is 
separated from the averaged nanocrystalline 
and amorphous phase.
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Structure of Manganese Zinc Ferrite         
Nanomagnets
S. Calvin1, S.A. Morrison2, E.E. Carpenter1, and V.G. Harris1

1Naval Research Laboratory; 2George Washington University

Scientists at the Naval Research Laboratory have synthesized nanoscale 
manganese zinc ferrite (MZFO) particles using colloidal aggregates of am-
phiphilic molecules (having a water-soluble and a water-insoluble compo-
nent). By using a technique called extended x-ray absorption fine structure 
(EXAFS) spectroscopy at beamline X11A, the scientists have determined the 
distribution of the manganese, zinc, and iron ions between the lattice sites 
of MZFO to a precision of eight percentage points.

Nanoscale magnets hold great promise for a wide range of future tech-
nologies: Aside from improving the performance of microwave filters 

and power supplies, they could be used in targeted delivery of 
pharmaceuticals and as biological sensors. Although scientists 
have been synthesizing nanoscale magnets for many years, the 
magnetic particles have generally been produced with a wide 
range of sizes, whereas most applications require particles with 
a narrow size distribution, called monodisperse particles. 

We created monodisperse nanoparticles made of manganese 
zinc ferrite (MZFO) by using micelles (Figure 1), which are 
colloidal aggregates of thousands of amphiphilic molecules 
(having a water-soluble and a water-insoluble component). 
The micelles were formed by adding a small amount of the 
surfactants nonylphenol poly(oxyethylene)

5 
and nonylphenol 

poly(oxyethylene)
9
 and water to cyclohexane. Micelle self-as-

sembly sequesters the water into tiny droplets of a uniform size deter-
mined by the water-to-surfactant ratio, which limits the size of particles 
formed via aqueous reactions. In our case, the particles were approxi-
mately 11 nanometers in diameter. 

In addition to the problem of monodispersion, the atomic-level struc-
ture of nanomagnets in their early development is not well known, so 
that the characteristics of devices made of nanomagnets are not well 
defined either. In the case of MZFOs, the manganese, zinc, and iron 
ions can each potentially reside in two different environments: tetrahe-
dral sites surrounded by four oxygens, or octahedral sites surrounded 
by six oxygens. By knowing the distribution of the ions between these 
sites, scientists and engineers can better predict the performance of the 
materials made of MZFOs. 

We studied the structure of MZFO by using extended x-ray absorption 
fine structure (EXAFS) spectroscopy at beamline X11A. In order to 
determine the distributions of the manganese, zinc, and iron ions, we 
first measured the ratio of absorbed photons versus the total incident 
photons. Then, we compared the experimental spectra to theoretical 
spectra, and developed a model of mixed ferrite materials for the pur-
pose of extracting information from the absorption spectra.

Previous EXAFS studies of magnetic nanoparticles have looked at each 
metal absorption spectrum separately, allowing scientists to identify, for 
example, that the zinc ions were in a tetrahedral environment and that 
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the iron and manganese were distributed between tetrahedral and oc-
tahedral environments. But, in these studies, scientists could not easily 
untangle the tetrahedral and octahedral contributions, and determine 
precise quantitative distributions. 

In this study, we fit the models to all three metal edges simultaneously, 
so that the result was constrained to agree with the stoichiometry of the 
material and lead to a precision of about eight percentage points for the 
distribution of manganese, zinc, and iron ions. The technique outlined 
here promises to be an important tool in determining the structure of 
magnetic nanoparticle materials.

Figure 1. Schematic of reverse micellar 
method of nanoparticle synthesis.

Figure 2. Real part of the Fourier transform 
of the EXAFS data for one sample, along 
with the fitted theoretical model. Above 1 
Å the lower limit of validity for the fitting 
algorithm) the fitted models reproduce the 
data with high accuracy, confirming that 
the nanoparticles adopted the spinel ferrite 
structure.
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Study of Amphiphilic Gold-Dendrimer     
Nanocomposite Monolayers 
Y.-S. Seo1, K.-S. Kim1, K. Shin1, H. White1, M. Rafailovich1, J. Sokolov1, B. 
Lin2, H.J. Kim3, C. Zhang4, and L. Balogh4

1SUNY at Stony Brook; 2University of Chicago; 3Argonne National Laboratory; 4Univer-
sity of Michigan

Dendrimer-based nanocomposites are novel organic-inorganic hybrid 
molecular structures that are synthesized by dispersing very small inorganic 
molecules in nano-scaled branched polymeric networks and could be applied 
in catalysis and drug delivery. Since these nanocmomposites are often used 
both in aqueous media as well as coatings on solid substrates, we tried to 
determine how they respond to changes in their physical environment by 
using x-ray reflectivity. We find that the behavior of these structures signifi-
cantly changes between aqueous and attractive solid substrates and that these 
structures are very sensitive to whether the solution is acidic or basic, so that 

they can be used either as sensors or drug delivery agents. 

A dendrimer is a macromolecular structure containing 
connectors and branching units built around a small 
molecule or a linear polymer core, creating stepwise at-
tachment of layers, called generations, that are nearly 
spherical. This highly symmetrical structure contains a 
large number of regularly spaced internal and external 
functional groups that interact with the molecular envi-
ronment. 

One well-studied dendrimer is poly(amidoamine) 
(PAMAM), which could be used as a building block 

for molecular-sized medical devices because it contains beta-alanine 
repeat units (which are amino acids, or basic units of proteins), and 
thus can be considered as spherical artificial proteins. The interaction 
of PAMAM with a biological object may be adjusted by modifying the 
dendrimer’s surface properties. But it is extremely difficult to observe 
PAMAM dendrimers directly in cells or in tissue, because they do not 
easily give rise to color in organic substances. 

Instead, another type of dendrimer, called dendrimer nanocomposite 
(DNC), can easily be observed by transmission electron microscopy and 
by other optical methods, so they are promising materials for biomedi-
cal nanotechnology.

We synthesized amphiphilic DNCs made of gold and PAMAM by 
dispersing gold atoms without covalent bonds inside dendrimer mole-
cules (Figure 1). We investigated the properties of the DNC monolayer 
at the air/water interface at NSLS beamline X19C (Figure 2a) and on a 
solid substrate made of a Langmuir-Blodgett film (monomolecular layer 
containing molecules that are both water-loving and water-repelling) at 
NSLS beamline X10B (Figure 2b) using x-ray reflectivity. 

Because of the small amount of gold present in the DNCs and the 
refractive index contrast between the gold domains and the water 
substrate, we successfully conducted in situ x-ray reflectivity measure-
ments of the DNC. We found that the dendrimer layer is hydrated 
and the gold is uniformly distributed within the dendrimer body. The 
second-generation dendrimer was spherical on the water surface, while 
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the fourth-generation had a pancake-like, or oblate, structure at high 
pressures. 

We also found that the shape of the DNCs was very sensitive to the 
acidity of the solution, indicating that these DNC could be used as 
detectors of biological activity or drug delivery systems.

Figure 1. Computer simulation of the gold 
atom distribution in a dendrimer 
nanocomposite. (Courtesy of Inhan Lee, 
University of Michigan in Ann Arbor.) 

Figure 2. (a) X-reflectivity profiles of DNC 
monolayer at the air/water interface and 
(b) Langmuir-Blodgett films as a function 
of surface pressure and their corresponding 
scattering length density profiles in inset. 
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The Formation and the Spread of MoO
3
 on 

Au(111): Study at a Molecular Level
Z. Song, T. Cai, Z. Chang, G. Liu, J.A. Rodriguez, and J. Hrbek

Chemistry Department, Brookhaven National Laboratory

The wetting and spreading of metal oxides on catalyst surfaces is one of the 
important processes for the preparation of highly dispersed monolayer cata-
lytic particles. The formation and the spread of MoO

3
 on Au(111) has been 

studied using photoemission and scanning transmission microscopy (STM). 
Molybdenum particles (~2 nm) on Au(111) were prepared by chemical 
vapor deposition (CVD) of Mo(CO)

6
  and oxidized by NO

2
 at elevated 

temperatures. The MoO
3
 spread spontaneously over the surface to form two-

dimensional fractal islands of amorphous MoO
3
. A ramified-cluster-diffu-

sion mechanism is proposed for the spreading of MoO
3
.

The spontaneous spread of many oxides and salts over catalytic sup-
ports has been used in the chemical industry to prepare highly dispersed 
monolayer catalysts, and to manufacture oxide films with specific elec-
tronic properties. Scientists have been discussing the spreading mecha-
nism of oxides for two decades, trying to explain how the monolayer-
thick film forms and spreads. 

We prepared a model system for investigating the formation and the 
spread of MoO

3
 on a Au(111) surface. We first deposited Mo on the 

Au surface and found by x-ray photoemission spectroscopy (XPS) that 
the Mo is metallic, and free of contaminants such as carbon or oxygen. 
The Mo growth on the Au surface is self-limited with narrow-sized 
metal particles about 1.8 nm in diameter. These Mo particles aggregate 
without coalescence, forming ramified islands with the arms extending 
preferentially along the fcc troughs or the domain boundaries of the 
Au(111) herringbone reconstruction (Figure 1). 

O
2
 is not efficient for the oxidation of the Mo on Au, especially for 

small Mo coverages. Thus, no oxidized Mo species is observed upon 
the reaction with O

2
 at temperatures up to 850 K (Figure 2). Density 

function calculations suggest that the Mo particles may be capped by a 
layer of Au and therefore rendered inert. However, adsorption and dis-
sociation of NO

2
 on metal surfaces at elevated temperatures is known 

to generate a reactive form of chemisorbed atomic oxygen that can 
oxidize the Mo clusters to MoO

3
 at 500 K readily, as we have shown in 

this work (Figure 2). The MoO
3
 spreads over the Au surface along the 

troughs of the Au(111) surface at 500 K, and the spreading becomes 
random at 600 K. The important finding is that the MoO

3
 spreads in 

a ramified way and forms fractal two-dimensional islands under ultra-
high vacuum (UHV) conditions. Molecule-resolved scanning transmis-
sion microscopy (STM) images show the highly disordered arrangement 
of the MoO

3
 molecules within the islands; the average distance between 

two adjacent molecules is ~0.38 nm. The island covered area increases 
by a factor of six compared with the original metallic Mo/Au sample 
(Figure 1). 

Previous studies have suggested three mechanisms for the spontane-
ous spread of MoO

3
 over surfaces, namely transportation via gas phase, 

unrolling-carpet, and free surface diffusion mechanisms. These mecha-
nisms are mutually exclusive, and neither is capable of explaining all of 
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the experimental results alone. We suggest a ramified-cluster-diffusion 
mechanism for the spreading of MoO

3
. The spread occurs via the dif-

fusion of MoO
3
 clusters detached from the bulk MoO

3
 at temperatures 

above 500 K. This diffusion is a thermally acti-
vated process, and an anisotropic diffusion barrier 
at the edge of the island leads to the ramified 
spreading and the formation of the fractal islands. 
This mechanism explains the process of spreading 
on the nanoscale for all results in this and previ-
ous studies.

Figure 1. STM images of the Mo particles 
and MoO

3
 submonolayer film on Au(111), 

and cartoons for the MoO
3
 formation and 

spreading on the Au surface.

Figure 2. Mo nanoclusters after the interaction 
with O

2
 (top panel) and NO

2
 (bottom panel) 

at 500 K.
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X-Ray Characterization of 3-Layer Assembly of 
4 nm FePt Nanoparticles
S. Sun1, S. Anders2, T. Thomson2, J.E.E. Baglin2, M.F. Toney2,3,  H.F. Ha-
mann1, C.B. Murray1, and B.D. Terris2 
1IBM T.J. Watson Research Center; 2IBM Almaden Research Center; 3Stanford Syn-
chrotron Radiation Laboratory, Stanford Linear Accelerator Center

Scientists from IBM’s Thomas J. Watson Research Center in Yorktown 
Heights, New York and Almaden Research Center in San Jose, California 
have developed a chemical reduction process for making monodisperse 4 
nm FePt nanoparticles. Further, they used polymer-mediated self-assembly 
approach to assemble the 4 nm FePt nanoparticles on various substrates. By 
using X-ray diffraction (XRD) in grazing incidence geometry at beamline 
X20C, the scientists have determined the structure of the assembly and the 
particles, and studied the aggregation behavior of the particles in an assem-

bly of 3 nanoparticle layers under thermal annealing conditions.

Hard magnetic FePt nanoparticles have attracted great interest 
because of their potential applications in ultrahigh density mag-
netic recording, highly sensitive magnetic sensors, and advanced 
nanocomposite permanent magnets. Recent advances in mag-
netic recording technology have indicated that if self-assembled 
in a tightly packed, exchange-decoupled array with controlled 
magnetic easy axis direction, these FePt nanoparticles would be 
a candidate for future ultrahigh density data storage media with 
potentially one bit per particle.

We report a simple chemical process for synthesizing FePt 
nanoparticles by the reduction of FeCl

2
 and Pt(acac)

2
. The 

particle growth is self-limited and 4 nm FePt nanoparticles are read-
ily separated. The initial molar ratio of the metal precursors is carried 
over to the final product, and the FePt composition is easily tuned. We 
further demonstrated that alternate adsorption of polyethylenimine 
(PEI) and FePt nanoparticles on a hydroxyl (HO)-terminated surface 
via surface ligand exchange led to 4 nm FePt nanoparticle assemblies 
with controlled thickness. Figure 1A illustrates the general assembly 
approach.

We characterized the layered structure using X-ray reflectivity measure-
ments using CuKα1 radiation from an 18 kW X-ray generator. X-ray 
reflectivity measures the electron density of the nanoparticle assembly, 
which can be converted into mass density. The result of this analysis 
for a 3-layer assembly is shown in Figure 1B, which plots mass density 
as a function of position from the silicon substrate surface. The three 
layers are readily evident as regions of larger mass density than the PEI 
between the nanoparticle layers. The spacing between both the first-sec-
ond and second-third layers is 6.5 nm.

We studied the structure of the FePt nanoparticles in a thin assembly 
using X-ray diffraction (XRD) measurements performed in grazing 
incidence geometry at beamline X20C. As shown in Figure 2, the 
XRD of the as-synthesized FePt particles reveals a typical chemically 
disordered fcc structure, in which Fe and Pt atoms randomly occupy 
the fcc lattice sites. Thermal annealing induces the Fe and Pt atoms to 
rearrange into the chemically ordered face-centered tetragonal structure, 
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which can be viewed as a natural superlattice of alternating Fe and Pt 
atomic planes along the (001) direction (Figure 2). From the line width 
of the (111) peak of the fct ordered FePt, we have also estimated the 
(111) coherence length that is related to the particle size. The aver-
age particle size increases with annealing temperature and duration. 
The particle size estimated from XRD line width for 3 layer assemblies 
(Figure 2) is 5 nm for the assemblies annealed at 580°C for 30 minutes, 
but rises to 17 nm for those annealed at 800°C for 5 minutes. The work 
demonstrates that synchrotron radiation is a powerful characterization 
tool for thin (~10 nm) FePt nanoparticle assemblies. 
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S. Anders, M.F. Toney, T. Thomson, R.F. Farrow, J.-U. Thiele, B.D. 
Terris, S. Sun, and C.B. Murray, "X-ray Absorption and Diffraction 
Studies of Thin Polymer/FePt Nanoparticle Assemblies," J. Appl. Phys., 
93, 6299 (2003).

Figure 1. (A) Schematic illustration of polymer-
mediated self-assembly of FePt nanoparticles 
by alternately adsorbing a layer of polymer 
(PEI) and a layer of nanoparticles on a solid 
surface; and (B) Mass density of a 3-layer FePt 
assembly, deduced from the X-ray reflectivity 
measurement, as a function of position from 
the silicon substrate (z). The silicon surface is 
arbitrarily defined as z = 0.

Figure 2. In-plane X-ray diffraction of 3-layer 
Fe

58
Pt

42
 assemblies as function of annealing:  

(a) as deposited, (b) 580°C for 30 min, (c) 
650°C for 5 min, (d) 700°C for 5 min, 
(b) 800°C for 5 min. The ordinate is the 
scattering vector Q, which is the difference 
between incident and diffracted X-rays. It has 
magnitude Q= (4π/λ) sin θ, where λ is the 
X-ray wavelength (about 0.12 nm here) and 
θ is half the scattering angle. The index of 
diffraction peaks is marked.
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Investigating a Surface Science Mystery:  The 
Case of the Disappearing Monolayer
K.S. Schneider1, T.M. Owens1, D.R. Fosnacht1, B.G. Orr2,3, and M.M. Ban-
aszak Holl1,3

1Chemistry Department, The University of Michigan; 2Physics Department and the 
3Applied Physics Program, Harrison M. Randall Laboratory, The University of Michigan

A recent X-ray photoemission spectroscopy (XPS) and scanning tunnel-
ing microscopy (STM) investigation of an alkylsilane-based monolayer 
has yielded intriguing chemical and physical phenomena. In particular, 
oxidation of an octylsilane (C

8
H

17
SiH

3
) monolayer chemisorbed to Au(111) 

via ambient atmosphere exposure yields two surprising results. First, the 
Au(111)-23×√3 surface reconstruction typical of a clean gold surface spon-
taneously regenerates underneath the oxidized (alkylsiloxane) monolayer.  
Furthermore, the physisorbed alkylsiloxane monolayer is completely trans-

parent to STM imaging.

Frequently, the STM image contrast mechanism 
of organized organics—such as alkanethiols—on 
Au(111) is explained as a consequence of hydrocar-
bon chain crystallization and/or variations in chain 
angle or orientation. Similarly, subtle variations in 
alkyl chain angle or orientation may yield differing 
apparent heights of alkylsilane monolayer features 

as observed by STM. However, a recent XPS and STM investigation of 
an alkylsilane monolayer prior to and following oxidation suggests the 
alkyl chains are “transparent” to STM imaging and impart a negligible 
contrast contribution to the STM images.

A STM image of clean Au(111) displays the parallel striped features 
intrinsic to the 23×√3 surface reconstruction (Figure 1a). Monolayer 
formation via the exposure of Au(111)-23×√3 to a saturating gaseous 
pressure of octylsilane (C

8
H

17
SiH

3
) in ultrahigh vacuum (UHV) yields 

a complex pattern of interwoven, sinuous ridge features containing nu-
merous interstitial Au islands 20 – 40 Å in diameter (Figure 1b). The 
presence and quantity of the Au islands (~7% area coverage in Figure 
1b) indicates the underlying 23×√3 surface reconstruction has fully 
relaxed to the unreconstructed Au(111)-1×1 phase.

Oxidation of the octylsilane monolayer via ambient atmosphere expo-
sure results in the disappearance of monolayer features from the STM 
image (Figure 1c). The resulting substrate terraces are indistinguishable 
from clean Au(111)-23×√3 (having identical lateral and vertical dimen-
sions) under the imaging conditions employed. STM image features of 
the exposed monolayer do not vary with changes in tunneling current 
(0.01 – 2 nA) or applied sample bias (± 2 V). However, exposure to ad-
ditional octylsilane does not regenerate the image shown in Figure 1b. 
Instead, an image identical to clean Au(111)-23×√3 remains (Figure 
1d). Therefore, the “clean gold” surface displayed in Figure 1c does not 
have identical chemical properties of the authentic clean gold surface 
illustrated in Figure 1a. On the basis of STM data alone, this set of 
results was mysterious!

Direct chemical analysis of oxidized sample surfaces has been performed 
using soft X-ray photoemission spectroscopy (SXPS) at beamline U8B.  

Authors (from left): Thomas M. Owens, Mark 
M. Banaszak Holl, Daniel R. Fosnacht, Kevin S. 
Schneider, and Bradford G. Orr

BEAMLINE

U8B

Funding
Department of Energy; National 
Science Foundation; RHK Technol-
ogy Inc.

Publication
K.S. Schneider, T.M. Owens, D.R. 
Fosnacht, B.G. Orr, and M.M. 
Banaszak Holl, “The Case of the 
Disappearing Monolayer: Alkylsilane 
Monolayer Formation, Oxidation, 
and Subsequent Transparency to 
Scanning Tunneling Microscopy,” 
ChemPhysChem., 4, 1111-1114, 
(2003).

Contact information
M.M. Banaszak Holl, Associate Pro-
fessor, The University of Michigan

Email: mbanasza@umich.edu



  

SCIENCE HIGHLIGHTS      2-1272-126       SURFACES, INTERFACES & NANOMATERIALS

Beamline U8B is perfectly suited to obtaining the high-resolution Si 
2p core-level needed for this study, as well as the valence band region.  
Note that, due to the presence of an Au plasmon trailing the Au 4f core 
level, conventional XPS of the Si 2p core-level for these monolayers pro-
vides no information. Following exposure to ambient atmosphere, the Si 
2p core level of the unoxidized octylsilane monolayer (Figure 2a) shifts 
by 2.3 eV to a higher binding energy and the peak full width at half-
maximum (fwhm) increases (Figure 2b). The binding energy shift and 
peak broadening indicate the formation of a cross-linked RSiO

3
 and/or 

(ROSiO
1.5

)
n
 network. The C 2s features arising from the octyl chain are 

retained in the valence band data (-12 to -20 eV), indicating the pres-
ence of intact alkyl chains in the oxidized monolayer (Figure 2d).  In 
summary, the XPS data indicate that exposure to ambient atmosphere 
effectively oxidizes the silicon head-groups; however, all of the silicon 
and alkyl chains are retained within the oxidized monolayer.  Thus, the 
STM image displayed in Figure 1c does indeed have the monolayer 
present, albeit it in an oxidized form.

The combination of SXPS and STM data suggest the original octylsi-
lane monolayer image in Figure 1b is the result of significant mixing of 
Au and Si states. Oxidation of the Si head-groups removes this interac-
tion, causing the underlying substrate to regenerate the Au(111)-23×√3 
surface reconstruction, and leaving only the Au states to image. In this 
case, the alkyl chains are “transparent” in both Figures 1b and 1c and 
it is only the Au-Si interaction that changes upon oxidation. Since 
monolayer oxidation severs all Au-Si bonds, a completely “transparent” 
physisorbed alkylsiloxane layer remains on top of the reconstructed 
Au(111)-23×√3 surface.

Figure 1. UHV-STM images of the same 
Au(111) sample (different sample areas), 
following successive experimental steps.  
All images are 35 nm × 35 nm. (a) Clean 
Au(111) 23×√3. (b) Chemisorbed octylsilane 
monolayer formed on (a) following exposure 
to 50 L (L = langmuir = 1 × 10-6 torr·s) 
gaseous octylsilane in UHV. (c) Oxidized 
physisorbed alkylsiloxane monolayer formed 
following exposure of (b) to ambient 
atmosphere for 15 minutes. (d) Oxidized 
physisorbed alkylsiloxane monolayer in (c) 
following exposure to 50 L gaseous octylsilane 
in UHV.

Figure 2. Soft X-ray photoemission spectra.  
(a) Si 2p and Au 4f core level spectrum of 
an octylsilane monolayer on Au(111). (b) 
Si 2p and Au 4f core level spectrum of the 
monolayer in (a), following exposure to 
ambient atmosphere for 15 minutes. (c) 
Valence band spectrum of an octlysilane 
monolayer on Au(111). (d) Valence band 
spectrum of the octylsilane monolayer in (c) 
following exposure to ambient atmosphere for 
15 minutes.
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Magnetic Switching in Multilayer                
‘Nanomagnets’
F.J. Castaño1, Y. Hao1, S. Haratani1, C.A. Ross1, B. Vögeli2, H.I. Smith2, 
C. Sánchez-Hanke3, C-C. Kao3, X. Zhu4, and P. Grütter4

1Department of Materials Science and Engineering, MIT; 2Department of Electrical 
Engineering and Computer Science, MIT;  3NSLS, BNL; 4Center for the Physics of Ma-
terials, Department of Physics, McGill University

This study investigated the magnetization reversal processes that take place 
in arrays of lithographically-patterned magnetic bars. Each bar is 70 nm 
x 550 nm in dimension, and is made from a NiFe 6 nm/ Cu 3 nm/ Co 4 
nm multilayer stack. Arrays of these nanomagnets were characterized using 
a combination of magnetic force microscopy (MFM), alternating gradient 
magnetometry (AGM), and scattering experiments using synchrotron radia-
tion. Both magnetic layers (i.e. the Co and the NiFe) form single-domain 
states at remanence and switch abruptly, but the collective magnetization re-

versal of the array shows a wide distribution of switching fields due 
to variability between the elements. Elementally-specific hysteresis 
loops obtained from synchrotron scattering experiments enable the 
separate reversal of the Ni, Fe, and Co to be followed.

The magnetic properties of lithographically-defined multi-
layered magnetic solids are of considerable interest for the 
development of high-density magnetoresistive random access 
memory (MRAM) devices. The nanoscale bar-shaped magnets 
used as memory cells in MRAMs are composed of at least two 
magnetic layers sandwiching a non-magnetic insulating or 
metallic spacer. Future high-density MRAM devices will re-
quire layered magnetic structures with thicknesses below a few 
tens of nanometers and in-plane dimensions in the sub-100 

nm regime. Within these structures, the individual magnetic layers are 
magnetized parallel to their length, and their switching field depends on 
their dimensions and compositions. Additionally, the magnetic layers 
interact by both exchange and magnetostatic coupling, which modifies 
the switching field and stabilizes specific remanent states.  

In this work, we first used MFM to show that individual Co/Cu/NiFe 
sandwich nanomagnets could be magnetized into four distinct states, 
labelled A-D in Figure 1. For comparison, AGM measurements, mea-
sured on a piece of the array containing ~109 nanomagnets, show the 
structures switching from state A to B to D as the field is swept from 
+1000 Oe to –1000 Oe. As the field sweeps from –1000 Oe to +1000 
Oe the structures switch from state D to C to A (Figure 1). Minor 
loops (shown as solid points) allow the switching field of the NiFe layers 
and the interaction field (i.e. the field that the Co exerts on the NiFe) 
to be measured. In this sample the Co hard layers reverse over a range 
of fields centered at 410 Oe. The interaction field was 60 Oe and the 
switching field of the NiFe layers was 125 Oe.  

In addition, utilizing modulated circularly polarized soft x-rays from 
the X13A beamline, both reflectivity and magnetic circular dichroism 
(MCD) patterns were measured for these arrays. The magnetic param-
eters deduced from elementally-specific hysteresis loops, obtained from 
the difference signal close to the L

3
 absorption edge of the Co and Ni 

present in the sample, agreed well with those measured by AGM. In the 
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data of Figure 2, the reversal of the Ni and Fe occurs at identical fields, 
as expected, while the Co reverses at a higher field. The Ni and Fe loops 
are both offset from zero by 40 Oe, as a result of the interaction field. 
All three elements show a distribution of switching fields consistent 
with AGM data. The average coercive field for the Ni was 120 Oe and 
for the Co was 410 Oe, which is similar to the results obtained from 
AGM.  These experiments show that synchrotron experiments provide 
a valuable measurement of magnetization reversal, even in buried layers, 
and can be used to track the behavior of complex multilayered magnetic 
structures.

Figure 1. Room temperature hysteresis loops 
and minor loop measurements of a 70 x 550 
nm2 NiFe/Cu/Co PSV nanomagnet array. 
The reversing fields of the minor loops are 
-200 Oe (full triangles) and -550 Oe (full 
squares), respectively. The inset shows a 
scanning electron micrography of the sample. 
A schematic representation of the four 
possible orientations of the magnetization of 
both magnetic layers is also depicted.

Figure 2. Elementally-specific hysteresis loops, 
deduced from magnetic circular dichroism-
measurements, on an array of 70 x 180 nm2 
NiFe/Cu/Co PSV nanomagnets.
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Workshop on Frontiers in 
Synchrotron X-Ray Micro-
beam Diffraction
January 10, 2003

The Workshop on Frontiers in Synchro-
tron X-Ray Microbeam Diffraction was 
held on January 10, 2003 in the Hamil-
ton seminar room in the Chemistry De-
partment at BNL, with a large gathering 
of over 40 people. The purpose of this 
workshop was to inform the scientific, 
university, and industrial community of 
the plans to design and install a state-
of-the-art microdiffraction instrument 
at NSLS mini-gap undulator beamline 
X13B. This proposal was submitted to 
the DOE Office of Science towards the 
end of January and would be operated 
as a general user facility with an empha-
sis on nanoscale research. Opportunities 
in the cutting-edge science that could be 
accomplished with this instrument were 
explored, and user input was solicited.

The workshop was introduced and 
chaired by Dr. Elaine DiMasi (BNL 
Physics Dept.), who also outlined the 
motivation for the proposed instrument. 
The value of cutting-edge user facilities 
was described from the perspective of 
BNL management by Dr. Doon Gibbs, 
Associate Laboratory Director for Basics 
Energy Sciences (BES). He emphasized 
the importance to DOE and BNL of 
interacting with users at an early stage so 
that they can influence the evolutionary 
process by which new facilities are devel-
oped and built. He described the organi-
zational structure of BNL BES as well as 
a number of exciting planned projects. 
Two such projects that will have a 
great impact on microbeam diffrac-
tion science at BNL are the proposed 
upgrade to the NSLS and the Center for 
Functional Nanomaterials (CFN). Dr. 
Gibbs concluded his presentation with 
a challenge to the audience to come up 
with ideas about scientific impacts that 
can be made by the future NSLS. 

The CFN was further elaborated upon 
by NSLS scientist Dr. Ron Pindak. The 
CFN is one of five new DOE Nanoscale 
Science Research Centers (NSRCs). The 
user programs of the five centers were 

launched at a workshop in Washington 
DC on February 26-28, 2003. The 
CFN has six scientific themes that 
involve interdisciplinary research on 
diverse systems, which are listed and 
described on the CFN website, http:
//www.cfn.bnl.gov/. The instrumenta-
tion and capabilities of the CFN are 
organized into “lab clusters,” such as 
materials synthesis, proximal probes, 
nanopatterning, etc. The CFN will 
be a user facility similar to the NSLS 
and both user programs will be coordi-
nated through a common user office. 
Thus, one proposal 
can allow access to 
NSLS beamlines 
as well as CFN lab 
tools. Two of the 
NSLS beamlines, a 
SAXS beamline on 
X21 and the X13B 
microdiffraction 
beamline, will be 
optimized to service 
the needs of CFN 
General Users. The center, in addition 
to having the infrastructure to support 
state-of-the-art fabrication facilities, 
will provide offices and interaction 
areas for students and postdocs as well 
as regular staff.

Dr. Patricia Mooney of IBM presented 
a talk on materials research for silicon 
CMOS technology using microbeam 
x-ray sources. Strain-relaxed SiGe 
“virtual substrates” for strained silicon 
CMOS transistors were described and 
results of studies characterizing the 
defect microstructure of these films 
were presented. Dr. Mooney remarked 
on how the divergent beam available at 
X20A of the NSLS limited the resolu-
tion at which “micrograins” could be 
observed, and that a sub-micron, more 
parallel beam would be of great advan-
tage in her work.

A survey of synchrotron microdiffrac-
tion capabilities around the world was 
given by Prof. Cev Noyan of IBM. He 
pointed out that several synchrotrons, 
in particular the ESRF and ALS, have 
put great emphasis and resources into 
microbeam diffraction. The great vari-

Frontiers in Synchrotron X-Ray 
Microbeam Diffraction workshop 
attendees.
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ety in hard x-ray microfocusing optics 
and a number of designs for access-
ing reciprocal space (pink beam Laue, 
scanning monochromator Laue, small 
sphere-of-confusion six-circle, single-
axis, etc.) were explained. The following 
two talks described in detail the micro-
diffraction capabilities currently available 
at the NSLS. Dr. Ken Evans-Lutterodt 
of Agere described the X16C microdif-
fraction beamline. He used the example 
of the selective growth of semiconduc-
tor materials on a patterned substrate to 
illustrate that microdiffraction combined 
with spectroscopy can be used to obtain 
strain and chemical composition infor-
mation with micron-scale spatial resolu-
tion. Dr. Jean Jordan-Sweet of IBM next 
described the capabilities of beamline 
X20A. This capillary- and diffractome-
ter-based instrument is primarily used to 
measure strain fields and mosaic struc-
ture by scanning diffraction topography. 
Results were presented on interfacial 
stress/strain in metal features on silicon 
and on electromigration-induced stress 
in narrow metal lines.

The proposed microdiffraction instru-
ment to be built at X13B was described 
in the next two talks. Dr. James Ablett 
of the NSLS presented specifications and 
recently measured spectral plots of the 
new X13 Mini-Gap Undulator (MGU) 
source. He then described the plan to 
use a 4-bounce silicon monochroma-
tor and a variety of x-ray microfocusing 
optics for the proposed instrument. The 
monochromator can be removed for 
pink-beam studies, and the optics will 
be interchangeable between KB mirrors, 
capillary, pinholes, zone plates, and pla-
nar refractive lenses. The modular design 
will allow for great flexibility in beamsize 
and divergence selection. Dr. Ken Evans-
Lutterodt further described the diffrac-
tometer and detector configurations. In 
order to minimize vibration and torque 
on the sample and optics, the detector 
arm will be a completely separate system. 
The entire microdiffraction instrument 
is being designed to be robust, easy to 
align and use, and modular, in order to 
serve a variety of users from students to 
busy experts.

After a break for lunch, the workshop 
resumed with presentations on scien-
tific opportunities by researchers from 
a range of disciplines. Dr. Mehmet 
Sarikaya of the University of Wash-
ington began with an overview of the 
fascinating world of structural biomi-
metics. Biomaterials such as spiders’ 
silk, mother-of-pearl, protein coats on 
certain bacteria, sea urchin spines, and 
sponge spicules exhibit nanoorganiza-
tion. Understanding the structural, 
functional, and process design char-
acteristics of these self-as-
sembled structures will lead 
to the invention of engineered 
“bio-inspired” materials of 
the future. Next, Dr. DiMasi 
presented a talk prepared 
by Dr. Joanna Aizenberg of 
Lucent Technologies, which 
described how self-assembled 
nano structures of calcite crys-
tals and other materials can be 
formed using organic alkane 
chain templates which have a variety 
of attached functional groups. These 
assemblies of crystals can be patterned 
and oriented in many ways by chang-
ing the functional group, chain tilt, and 
lithographic pattern. Following this 
talk, Prof. Valery Kiryukhin of Rutgers 
University described several correlated 
electronic systems that form functional 
materials, which exhibit large changes in 
electrical or magnetic properties (such as 
colossal magnetoresistance) under rela-
tively weak external perturbations. He 
showed an example of strain mapping in 
the vicinity of a grain boundary taken at 
beamline 2ID-D at the APS. In order to 
study these systems, a microdiffraction 
instrument with temperature control, 
precise sample positioning, optical 
access, and tunable energy is needed. 
The scientific opportunity session was 
concluded with a talk by Dr. Jeffrey 
Kysar of Columbia University who 
discussed the difficulty in determin-
ing the relationship between stress and 
strain in materials. He has simplified 
the problem by reducing it from 3-D to 
2-D by performing experiments using 
a line of applied force rather than the 
conventional point indenter on a metal 

Microdiffraction setup at beamline 
X13B.
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surface. A microbeam diffraction beam-
line would allow for the measurement of 
residual stresses and dislocation density 
on the surface of laser shock processed 
samples as a function of position from 
the “peened” line.

During the afternoon discussion session 
Dr. DiMasi read letters from members 
of the Clay Minerals Society email 
listserver. These researchers would like 
to see an instrument having high bril-
liance, a sensitive area detector, variable 
spot size, and control over temperature 
and humidity. Audience members also 
supported the desire for environmental 
control, citing the need to study self-as-
sembly experiments in liquid solution 
rather than in just the dried post-as-
sembly state. There is a need to get 
all information - tilt, chemical, lattice 
spacing, transformation temperature, 
etc., from single grains on the order of 
a micron in size. Many times the need 
for a parallel beam was mentioned. A 
discussion about the measurement of 
organic and bio-materials brought up 
legitimate concern over the possibility of 
beam damage. Another desired capabil-
ity mentioned several times is computed 
tomography. Questions were asked 
about the time structure of the exist-
ing NSLS x-ray ring vs. the proposed 
upgrade. Pump-probe experiments are 
possible now with a ~0.5 nanosecond 
period, and in the future with ~20 fem-
tosecond resolution. The APS currently 
has a 50 picosecond timing structure. 
It was pointed out that single-shot mi-
crodiffraction would not yield enough 
intensity, but a locked-in, repeated 
pump-probe setup would be able to ac-
cumulate enough signal. 

The workshop concluded with commit-
tee members encouraging researchers 
to try microbeam experiments now on 
existing instruments, in order to see 
what is needed and what works. It is 
expected that the new microdiffraction 
beamline will constantly evolve over 
time, and experience now will lead to a 
better instrument in the future. Many 
components are available now or will be 
soon for experimental trials.
     —Jean Jordan-Sweet

Two NSLS Scientists Win 
Engineering Awards
January 30, 2003

At the BNL Employee Recognition Award 
Ceremony on January 30, 17 Lab employees 
were rewarded with BNL’s highest honors, 
including two NSLS scientists who won the 
$5,000 Engineering Awards, which are given 
to recognize distinguished contributions to 
engineering or computing over one or more 
years.

Donald Lynch, a project engineer who 
joined BNL in September 1991, and 
George Rakowsky, an electrical engineer 
who returned to BNL 
in July 1993, both at 
the NSLS, were recog-
nized for their sustained 
contributions in the de-
velopment of small-gap, 
in-vacuum undulators, a 
technology now adopted 
at most synchrotron 
radiation facilities in the 
world.

The NSLS operates 
two electron storage rings: the 2.8-giga 
electron volt (GeV) x-ray ring and a 
0.8-GeV vacuum ultraviolet ring, which 
contain periodic magnetic structures 
called wigglers and undulators, col-
lectively known as insertion devices. 
Electrons are sent racing around the 
rings at nearly the speed of light. When 
they cross an insertion device, they emit 
a very intense, narrow beam of synchro-
tron radiation.

Earlier generations of undulators in 
medium-energy machines such as the 
NSLS x-ray ring are able to generate 
only “soft” x-rays, up to about 1 kilo 
electron volt (keV) of photon energy. 
The small-gap undulators generate tun-
able “hard” x-rays in the range of 3 to 
20 keV, which are essential for decod-
ing the structure of complex biological 
molecules in the rapidly expanding field 
of structural biology. Previously, tunable 
hard x-ray beams were available only at 
the very high-energy storage rings, such 
as the 7-GeV Advanced Photon Source 
at Argonne National Laboratory.

The idea of introducing a small-gap, 
short-period undulator in the NSLS 

Pictured at right with Associate 
Laboratory Director for Facilities & 
Operations Mike Bebon (back, right) 
are the recipients of BNL’s 2002 
Engineering Award: (back, from
left) Donald Lynch, NSLS 
Department; George Rakowsky, 
NSLS; Jack Fried, Instrumentation 
Division; (front, from left) 
George Ganetis, Magnet Division; 
Christopher Channing, Plant 
Engineering Division; and Joseph 
Levesque, Emergency Services 
Division.
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x-ray ring was originated in the late 
1980s by Sam Krinsky, then NSLS 
Deputy Chair. Peter Stefan, then NSLS 
physicist, did the first proof-of-prin-
ciple tests and developed the conceptual 
design of the small-gap undulator. Lynch 
worked with Stefan on the mechanical, 
structural, thermal, and vacuum design 
of the first two generations and on the 
latest version of the device.

Rakowsky proposed the magnetic 
design in 1991 and built a demonstra-
tion model, followed by the full-scale 
magnet arrays of the Prototype Small-
Gap Undulator (PSGU) under contract 
for the NSLS, while he was employed 
at Rocketdyne, now part of Boeing, in 
California. After returning to BNL in 
1993, Rakowsky worked with Lynch, 
Stefan and other collaborators at SPring8 
in Japan, to develop the breakthrough 
In-Vacuum Undulator (IVUN).

Lynch and Rakowsky then developed the 
third-generation, higher-performance 
Mini-Gap Undulator (MGU), which 
has operated in the x-ray ring since 
January 2002. The MGU’s compact size 
will allow the installation of two more 
MGUs, resulting in two new undulator 
beamlines. The next MGU was installed 
in May to serve a new beamline funded 
by the National Institutes of Health and 
dedicated to structural biology.

In developing these devices, still record-
breakers as the smallest in their field, 
Rakowsky led the way in magnetic 
design and measurement, while Lynch 
provided the mechanical solutions to 
meet each challenge.

Their success has established the NSLS 
as the leader in small-gap undulator 
technology.

This innovation has dramatically 
changed light-source development 
world-wide to favor medium-energy ma-
chines of around 3-GeV over the more 
costly 6-to-8-GeV machines 
previously constructed as hard x-ray 
sources. The small-gap concept also 
serves as the basis for the NSLS 3-GeV 
upgrade proposal.          
             —Patrice Pages

BNL/Canadian Space Agency 
Experiment Lost in Tragic 
Columbia Accident
February 1, 2003

Among the 80 scientific experiments 
lost in the recent tragic accident involv-
ing the space shuttle Columbia, one was 
prepared by a team of scientists who 
would have studied the results at the 
NSLS. This experiment had been de-
signed to provide insights into develop-
ing not only new drugs against cancer, 
but also drought-resistant plants.

The experiment is part of the Canadian 
Space Agency’s Protein Crystal Growth 
(PCG) program, a project aimed at 
studying how proteins grow in space. A 
series of different protein crystal growth 
experiments were conducted in the re-
cent Columbia mission, one of which is 
involved in a hallmark of cancer, called 
cachexia, which results in emaciation 
and muscle wasting. Another represent-
ed a protein used by plants to defend 
against environmental stress, such as 
drought and high salinity.

“Previous crystal growth experiments 
conducted in space have provided 
evidence that, when protein crystals 
grow in space, they are of higher quality, 
that is, they have fewer defects and may 
be of larger size than those grown on 
Earth,” says Robert Sweet, BNL Biology 
Department and a PCG project col-
laborator. “But we know too little about 
the effectiveness of having crystals grow 
in space, where there is nearly no grav-
ity. So we decided to compare crystals 
grown on Earth and in space.”

Controlled Experiment

The PCG scientists, led by Jurgen 
Sygusch, a biochemist at the Univer-
sity of Montreal in Canada, designed a 
controlled experiment wherein duplicate 
samples of proteins in solution were 
taken to Kennedy Space Center (KSC), 
and one set of samples was taken into 
space on the space shuttle Columbia, 
one of five reusable spacecraft that 
had been employed by the National 
Aeronautics & Space Administration 
(NASA) since 1981.

Protein crystal growth experiments 
were conducted on the Space Shuttle 
Columbia.
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While Columbia circled Earth from 
January 16 to 31, the protein samples on 
board were allowed to crystallize. At the 
same time, duplicate samples acting as 
controls were crystallized at KSC in the 
same type of crystallization hardware. 
If Columbia had returned to Earth, the 
two sets of samples were to have been 
compared with one another, using the 
intense light generated by the NSLS.

How Crystals Grow

“When crystals grow on Earth, gravity 
introduces disturbances that affect the 
way protein molecules assemble into a 
crystal lattice,” Sygusch says. “But, in 
spacecraft such as Columbia, which or-
bit about 400 miles above Earth, crystal 
growth is subjected to only a millionth 
of Earth’s gravity — called micrograv-
ity — so that the protein molecules 
during crystal growth are free of these 
disturbances, which is what we wanted 
to study.”

In their experiment, the scientists 
planned to investigate two important 
disturbances, called convection and 
sedimentation, that occur during crystal 
growth.

“You can imagine a growing crystal 
being like layers of molecules that are 
piling up on each other,” Sygusch says. 
“Non-crystalline aggregations of protein 
molecules that form naturally under 
crystal-growth conditions tend to dis-
turb the deposition of these layers.”

Sygusch explains that convection in the 
protein solution occurs because the pro-
tein is actually at a lower concentration, 
and therefore lower density, immediately 
adjacent to the growing crystal. This 
causes an upwelling of the solution that 
causes a surprisingly vigorous mixing of 
proteins and their aggregates.

As for sedimentation, once small crystal-
lites have formed, they tend to sink to 
the bottom of the container, out of the 
zone of where they grew, and often cease 
growth.

Both convection and sedimentation 
affect crystal growth on Earth. In mi-
cro-gravity, the absence of convection 
eliminates solution mixing and reduces 

incorporation of protein aggregates into 
the crystal lattice, while no sedimenta-
tion allows crystallites to grow into 
larger crystals, leading to crystals of 
better quality. The higher crystallinity 
translates into a better definition of the 
atomic detail that can be obtained from 
synchrotron diffraction experiments.

“To get our results,” Sweet says, “we 
had not only prepared two identical 
experiments, one on Earth and the 
other in space, but we had also de-
cided that the data collected from both 
experiments would be analyzed in a 
double-blind fashion. 
After crystals had been 
recovered from Colum-
bia, they would have 
been combined with the 
crystals grown on Earth 
in such a way that we 
could measure results 
without knowing until 
afterwards from which 
source the crystals came.”

Next Step

The PCG team is now 
waiting to know when they will be able 
to send new experiments in space, per-
haps in an unmanned spacecraft. “Our 
experiment could easily be activated 
automatically,” comments Sweet.

“Some perturbations, such as astronaut 
movements and orbit corrections, could 
be avoided if this experiment were 
performed in a free flyer or unmanned 
spacecraft,” agrees Sygusch, who is 
confident that more chances to conduct 
experiments in space will arise in the 
near future.

“The latest Columbia mission was 
a tragic human disaster and a scien-
tific catastrophe,” Sygusch says. “But, 
once we understand what happened, 
we must continue. We will be able to 
investigate something never achieved 
before in the history of humankind: a 
glimpse of what life might look like 
in a world with a different level of 
gravity.”                      
           —Patrice Pages

BNL scientist Bob Sweet 
demonstrates protein crystallography 
experiments underway at the NSLS.
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U.S. Rep. John Sweeney 
Visits BNL and NSLS
February 24, 2003

U.S. Representative John Sweeney 
(R-20th District), visited BNL on Febru-
ary 24 with his aide Gaia Mishanta Ford. 
Sweeney serves on the House Appropria-
tions Committee and on February 12 
was named to the Select Committee on 
Homeland Security, which helps develop 
policy for the larger Homeland Security 
Committee.

Welcomed by BNL Interim Direc-
tor Peter Paul, Sweeney met with 
Michael Holland, Manager of DOE’s 
Brookhaven Area Office, and Marge 
Lynch, Assistant Laboratory Director for 
Community, Education, Government & 
Public Affairs. The Congressman then 
visited the NSLS, one of the world’s 
most widely used scientific facilities. Re-
searchers at the NSLS use sophisticated 
techniques to study the electronic and 
structural properties of materials and 
surfaces at the atomic level.

At the NSLS, Doon Gibbs, Interim 
Associate Laboratory Director for Basic 
Energy Sciences, and NSLS Chair Steven 
Dierker explained a proposed NSLS 
upgrade that will dramatically improve 
the capabilities available to the approxi-
mately 2,500 researchers from scientific 
institutions and industry who use the 
NSLS for their research each year. They 
also discussed plans for the new BNL 
Center for Functional Nanomaterials. 

Later, on the NSLS experimental floor, 
Sweeney visited beamline U10B, where 
researchers use infrared light to study 
such diseases as Alzheimer’s, osteoarthri-
tis, and osteoporosis. 

He next stopped at Berkner Hall, where 
Ralph James, Associate Laboratory 
Director for Energy, Environment & 
National Security, explained some of 
the Lab’s work in the field of homeland 
security. 

James focused on BNL capabilities in 
the areas of advanced sensor technol-
ogy, particularly the Lab’s research and 
development on nuclear, chemical, 
biological, and explosive detectors. 

Sweeney was also interested in seeing 
actual prototypes of BNL hardware that 
could detect more minute quantities of 
nuclear radiation from greater distances 
and without the false alarms attributed 
to many current approaches.

James described some of BNL’s research 
suited to reducing the vulnerabilities 
of New York State, including better con-
trol of radioactive materials, advanced 
technologies to monitor cargo contain-
ers at national seaports, 
and sensor networks to 
help protect New York and 
its mass transportation 
systems. 

BNL scientists’ work to 
identify and prioritize 
risks, such as those con-
nected with U.S. public 
water, bridges, banking and 
finance, electric power, gas, 
and oil and telecommuni-
cations infrastructures, was 
also presented.

The Congressman conversed with As-
sociate Director for Life Sciences Nora 
Volkow before concluding his visit. 
“The enthusiastic interest shown by 
Congressman Sweeney in the broad 
science of BNL, as well as his immediate 
understanding of the Lab’s crucial role 
in the safety and securitiy of New York 
City, was impressive and refreshing,” 
said BNL Interim Director Peter Paul.
                                       —  Liz Seubert

On the experimental floor of the 
NSLS, U.S. Representative John 
Sweeney (center) and BNL Interim 
Director Peter Paul talk with NSLS 
scientist Lisa Miller about research 
on Alzheimer’s disease being done at 
beamline U10B.

DOE Nanoscience Workshop 
Draws Crowd
February 27-28, 2003

More than 400 attendees of the first 
DOE Nanoscale Science Research Cen-
ters workshop, which was held February 
27-28 in Washington D.C., were treated 
to a blue-ribbon lineup of political and 
scientific speakers. The message the 
participants heard was loud and clear: 
Nanotechnology research may involve 
the study of very small things, but it 
represents potentially very big things in 
terms of federal funding for the physical 
sciences.
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Attendees at the DOE Nanoscale 
Science Research Centers workshop.

“It’s as if we all have the same speech-
writer,” observed former BNL Director 
John Marburger, who is now Director 
of the Office of Science & Technology 
Policy and President George W. Bush’s 
science advisor, who delivered an address 
entitled “Nanoscience and the National 
Science Agenda.” 

In his speech, Marburger said that the 
governments of every major devel-
oped nation are now seeking to gain a 
competitive advantage by investing in 
nanotechnology research. “What gives 
our nation the edge are the five DOE 
nanoscale science research centers,” he 
said.

Under the National Nanoscience 
Initiative which was launched in fiscal 
year 2001, DOE’s Office of Science 
announced it would establish the five 
new centers to “support the synthesis, 
processing, fabrication, and analysis” 
of materials at the nanoscale. These 
centers are: Lawrence Berkeley National 
Laboratory’s Molecular Foundry; the 
Center for Functional Nanomateri-
als at BNL; the Center for Integrated 
Nanotechnologies at Sandia National 
Laboratories and Los Alamos National 
Laboratory; the Center for Nanophase 
Materials Materials Sciences at Oak 
Ridge National Laboratory; and the 
Center for Nanoscale Materials at Ar-
gonne National Laboratory.

Marburger was introduced by Office 
of Science Director Raymond Orbach 
who, in his opening remarks, pro-
claimed that the five DOE nanoscience 
centers will be at the hub of national 
laboratory research efforts in nanore-
lated fields.

“All five centers are in the President’s 
proposed FY2004 budget and all are 
well on their way to becoming a reality,” 
Orbach said. 

Before hearing from Orbach and Mar-
burger, workshop attendees first heard 
from U.S. Representative Judy Biggert, 
a Republican who represents the 13th 
District of Illinois and who chairs the 
Energy Subcommittee of the House Sci-
ence Committee. 

Biggert recently introduced H.R. 34, 
the “Energy Science and Investment 
Act of 2003,” which calls for the Office 
of Science to receive an overall increase 
in funding of nearly 62 percent by 
FY2007. This would mean a FY2007 
authorization level of $5.31 billion, 
compared to the $3.3 billion funding 
for FY2003. According to the Ameri-
can Institute of Physics, her bill is one 
of the most important physics-related 
research bills that the new Congress will 
consider this year.

“Nanotechnology research is very im-
portant to our nation’s future economic 
competitiveness,” Biggert told work-
shop attendees. “The Office of Science 
is uniquely positioned to do nanotech-
nology research and I am convinced its 
nanoscience centers can only enhance 
our economic competitiveness.”

The Congresswoman urged attendees 
to contact their Congressional rep-
resentatives and get 
them to support H.R. 
34, which now has 74 
cosponsors. In addi-
tion to a substantial 
increase in funding for 
the Office of Science, 
her bill would also 
make some significant 
administrative changes 
in DOE. An Under 
Secretary of Energy & Research posi-
tion would be created, with authority 
over all DOE funded civilian science 
at the non-weapons national labora-
tories and research universities. A new 
Assistant Secretary of Science would 
replace the current director position, 
and a Science Advisory Board would 
be established that would consist of the 
chairs of DOE’s advisory panels.

“I am a scientist wannabe who has 
always thought that scientists were 
very cool,” Biggert said to enthusiastic 
applause. 

The applause was also enthusiastic and 
vigorous for U.S. Representative Zach 
Wamp, a Republican who represents 
the 3rd District of Tennessee and serves 
on House Appropriations Committee 
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John Marburger, Director of the 
Office of Science & Technology 
Policy, and Patricia Dehmer, Director 
of DOE's Office of Basic Energy 
Sciences.

and the Energy and Water Subcommit-
tees.

Speaking at a Thursday luncheon, 
Wamp told attendees, “If we want a bal-
anced federal budget, we have to invest 
in technology. Investing in the physi-
cal sciences can give us another boom 
economy.” 

Wamp has won a “Champions of Sci-
ence” award bestowed by the Science 
Coalition, an alliance of more than 400 
organizations dedicated to sustaining 
the federal government’s commitment 
to U.S. leadership in basic science. As 
a rousing speaker, Wamp energized the 
nanoscience audience.

Arguing that the national economic 
slump is a reason for more investment 
in the physical sciences rather than less, 
he cited the example of the Japanese 
government. 

“The economy in Japan is bad, but that 
did not stop their government from 
investing in super-computing and taking 
the lead in that technology,” he said. 
“New technologies are needed to solve 
problems not just today but for the 
long-term too. This takes leadership [in 
the physical sciences] and we’re just not 
there now.”

To get the resources needed to advance 
the development of nano and other tech-
nologies that can help solve persistent 
global problems, such as energy, Wamp 
said, “We need to do a much better job 
of marketing the physical sciences. We’ve 
got to brand the physical sciences in a 
different way. It is crucially important 
to the vitality of your science and this 
country’s economy that we get people 
excited about and supportive of the 
physical sciences.” 

Attendees also heard from Senator Pete 
Domenici (R-New Mexico), another 
winner of the Champions of Science 
award. As chairman of the Senate Energy 
and Water Development Appropriations 
Subcommittee, Domenici has been a 
strong supporter of the physical sciences. 
He is especially keen on the promise of 
nanotechnology.

“Nanotechnology represents a new 
frontier, and it’s harder to guess exactly 
where these new ultra-miniaturized 
technologies will make the greatest 
contribution,” the Senator said. “Sug-
gestions range from new generations of 
ultra-tough or ultra-light materials to 
new approaches to hydrogen storage for 
a future generation of hydrogen fueled 
vehicles. This is a truly exciting and 
revolutionary field.”

Domenici also expressed confidence in 
DOE’s ability to lead the development 
of nanotechnology. “The Department 
has led the nation in other major sci-
entific initiatives in the past, from high 
performance computing to the human 
genome project,” he said. “Nanoscience 
provides another golden opportunity for 
the Department to again lead the way 
into an important new area.”

Scientific presentations were given by a 
number of the major names in nano-
technology research, and the directors 
of the five nanoscale science research 
centers each gave an overview of their 
centers, including BNL’s Bob Hwang, 
who spoke about the Lab’s Center for 
Functional Nanomaterials.

It was Patricia Dehmer, Director of 
DOE’s Office of Basic Energy Sciences, 
who perhaps best summarized the 
anticipated role of the five new nanosci-
ence centers with respect to the Nation-
al Nanotechnology Initiative and the 
country’s need to maintain economic 
competitiveness.

“The DOE centers are different from 
centers funded by the National Science 
Foundation and others, in that they are 
patterned after the same philosophy that 
guides our national user facilities: They 
are there to be used by everyone, includ-
ing researchers from universities and 
private industry, as well as national labo-
ratories,” Dehmer said. “We will partner 
aggressively with NSF and others to get 
the job done. The importance of nano-
technology research and development 
cannot be overstated.”
         — Lynn Yarris, Lawrence Berkeley 
National Laboratory

3-10 NSLS ACTIVITY REPORT YEAR IN REVIEW    3-11



SUNY Chancellor Robert 
King Visits Brookhaven
March 27, 2003

On Thursday, March 27, Robert King, 
Chancellor of the State University of 
New York (SUNY), visited BNL for an 
introduction to the Lab and its pro-
grams. As SUNY Chancellor, King over-
sees one of the nation’s largest university 
systems, with about 500,000 students 
and an annual state budget of about 
$7 billion. After a welcome lunch with 
Interim BNL Director Peter Paul, BNL 
Director-designate Praveen Chaudhari, 
Manager of the DOE Brookhaven Area 
Office Michael Holland, and several As-
sociate Lab Directors and Department 
Chairs, the Chancellor toured the Lab.

The first stop focused on atmospheric 
chemistry research in the Environmental 
Sciences (ES) Department chaired by 
Creighton Wirick. ES scientist Peter 
Daum of the Atmospheric Sciences 
Division talked about BNL’s labora-
tory, field, and modeling program that 
has contributed to understanding the 
mechanism of photochemical smog 
formation. Judy Weinstein-Lloyd, a 
professor at SUNY Old Westbury who 
has a long-standing collaboration with 
BNL scientists, spoke of her program 
to develop new instrumentation for 
measuring atmospheric oxidants.

Ralph James, Associate Laboratory 
Director for Energy, Environment, & 
National Security, then described BNL 
homeland security initiatives, such as 
research and development on nuclear, 
chemical, biological, and explosive 
detectors. James showed King actual 
prototypes of BNL hardware that could 
detect small quantities of nuclear radia-
tion from great distances.

King’s second stop was at the Relativis-
tic Heavy Ion Collider (RHIC), where 
Associate Laboratory Director Thomas 
Kirk, together with Collider-Accelera-
tor (C-A) Department Chair Derek 
Lowenstein and Physics Department 
Chair Samuel Aronson described the 
program of RHIC and its four detectors. 
At one of these detectors, PHENIX, Ed 
O’Brien, PHENIX operations manager, 

and PHENIX analysis coordinator 
Thomas Hemmick, a physics professor 
at Stony Brook University outlined the 
scientific goals of the experiment and 
gave King a brief idea of how PHENIX 
collects RHIC data.

Next, King visited the NSLS, one of the 
Northeast’s and New York State’s most 
important scientific facilities. Interim 
Associate Laboratory Director for Basic 
Energy Science 
Doon Gibbs and 
NSLS Chair Steven 
Dierker explained a 
proposed upgrade 
that will dramati-
cally improve the 
capabilities avail-
able to the NSLS’s 
approximately 
2,500 researchers 
from universities, 
scientific institutions, and industry.

As King learned, researchers from 
SUNY at Albany, Buffalo, Plattsburgh, 
and Stony Brook used 20 NSLS beam-
lines during fiscal year 2002 for studies 
of, for example, materials characteriza-
tion, materials in high magnetic fields 
and under extreme conditions, poly-
mers, and biological and environmental 
systems. Plans for the new BNL Center 
for Functional Nanomaterials were also 
discussed.

The SUNY Chancellor moved on to 
BNL’s NeuroImaging Center, where 
Linda Chang, Medical Department 
Chair, and Joanna Fowler, who heads 
the NeuroImaging Center, described 
some of the Lab’s pioneering neuroim-
aging research on the brain chemistry 
of addiction; diseases such as Parkin-
son’s and Alzheimer’s; and aging. King 
also learned about the center’s recent 
research on imaging awake animals, 
which has veterinary support from 
SUNY’s Downstate Medical Center in 
Brooklyn.

King concluded his visit with discus-
sions at the Director’s Office, during 
which he stated how impressed he was 
with the programs of the Laboratory 
and its broad scope of research. He 

Listening as Peter Daum (right) 
of the Environmental Sciences 
Department explains BNL research in 
atmospheric chemistry are: (from left) 
Ralph James, Associate Laboratory 
Director for Energy, Environment, & 
National Security; Creighton Wirick, 
Environmental Sciences Department 
Chair; Praveen Chaudhari, then 
designate BNL Director; Robert King, 
State University of New York (SUNY) 
Chancellor; Judy Weinstein-Lloyd, 
SUNY Professor at Old Westbury; 
Brian Giebel, SUNY Old Westbury; 
and Jun Zheng, Stony Brook 
University.
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pointed to a number of educational op-
portunities as good steps to increase the 
connections between the Lab and New 
York State. Interim Director Paul, who 
expressed his appreciation to the Chan-
cellor for the visit to BNL, commented, 
“Chancellor King clearly recognized the 
importance of BNL for the economy of 
New York State and the education of the 
education of the State’s students.”     
             — Liz Seubert

RapiData Crystallography 
Course
April 6-11, 2003

Once again last spring, budding crys-
tallographers from around the world 
gathered at BNL. They were attending 
RapiData 2003, a week-long course run 
by BNL’s Biology and NSLS Depart-
ments. This course introduces students 
to the best people, newest equipment, 
and latest techniques in the field of mac-
romolecular x-ray crystallography.

Emphasizing “Rapid Data Collection 
and Structure Solving at the NSLS,” this 
“Practical Course in Macromolecular 
X-Ray Diffraction Measurement” ran 
from April 6 to 11. It consisted of two 
days of lectures and tutorials taught by 
scientists from BNL, industry, academia, 
and other national labs, followed by data 
collection and analysis at the NSLS. 
The same instructors and others act as 
hands-on advisors for a marathon sixty-
hour data-collection session to close out 
the week. Half of this year’s 48 students 
came as observers, while the other half 
arrived with specimens to analyze. Seven 
of the students left with solved struc-
tures, which will likely result in publica-
tions.

The course, which helps to train the 
next generation of NSLS users, is mostly 
organized by Bob Sweet and Denise 
Kranz of Biology, but they emphasize 
that its success absolutely depends on en-
thusiastic help from most of the twenty 
members of the PXRR (the Biology and 
NSLS Macromolecular Crystallography 
Research Resource), plus a dozen or so 
outside teachers. 

Major funding for the course was 
from the National Institutes of Health 
through the National Center for Re-
search Resources, and DOE’s Office of 
Biological & Environmental Research, 
with support from the NSLS, and some 
interested equipment vendors and drug 
companies.
                      — Karen McNulty Walsh

A group of RapiData students seen 
with instructors Annie Héroux 
(standing, left), a BNL Biology 
Department structural biology 
scientist who works at NSLS 
beamline X26C, and Frank von 
Delft (foreground), Scripps Research 
Institute.

Representatives of DOE 
Light Sources Meet with 
Elected Officials in 
Washington, D.C.
April 7-8, 2003

For the third consecutive year, a delega-
tion of scientists representing the four 
U.S. Department of Energy (DOE) 
synchrotron light sources organized a 
successful lobbying trip to Washington, 
D.C. on April 7 and 8, 2003. 

The visit was organized 
and coordinated by Leemor 
Joshua-Tor, the chair of 
the NSLS Users’ Executive 
Committee (UEC). The 
delegation was comprised 
primarily of the chair and 
vice-chair of the UECs of 
the Advanced Light Source 
at Lawrence Berkeley 
National Laboratory (CA),  
the Advanced Photon 
Source at Argonne National 
Laboratory (IL), the NSLS, 
and the Stanford Synchrotron Radiation 
Laboratory at Stanford University (CA). 
Accompanying the delegation was Pat 
Fulton, Science Lobbyist for Stanford 
University. The NSLS scientists in the 
delegation were Tony Lanzirotti, UEC 
vice-chair, and Simon Bare, UEC lobby-
ing coordinator. 

“The goal of these visits is to increase 
the visibility of the synchrotrons and 
the Department of Energy’s Office of 
Science who funds them,” Joshua-Tor 
says. “The Office of Science budget has 
remained essentially flat in recent years, 
forcing light source funding to remain 
flat as well, although the number of 
light source users nearly doubled.”
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“This office is by far the largest fund-
ing agency for the physical sciences in 
the U.S.,” Bare says, “ but its funding 
is buried within bills approved by the 
Senate Energy and Water Appropria-
tions Subcommittee of the Senate Ap-
propriations Committee and the House 
on Energy and Water Development 
Subcommittee of the House Appropria-
tions Committee.” 

DOE’s budget for fiscal year 2003 is 
$21.9 billion, of which only 15% ($3.3 
billion) funds the Office of Science, 
and only one-third of this amount goes 
to Basic Energy Sciences, which is the 
primary funding agency for light source 
operations. “This amount does not 
reflect the real needs of the scientists 
working at the light sources,” Bare says, 
“because the number of users keeps 
growing, but not the funding, so an 
infusion of operating funds is urgently 
required.” 

On the first day of the visit, the delega-
tion met with Patricia Dehmer, Associ-
ate Director of Science for the Office 
of Basic Energy Sciences, which is one 
of six offices managed by the Office of 
Science; Joel Parriott, Budget Examiner 
from the Federal Office of Management 
and Budget; John Marburger, Director 
of the White House Office of Science 
and Technology Policy (OSTP) and 
science advisor to President George W. 
Bush; Kathie Olsen, Associate Direc-
tor for Science at the OSTP; Michael 
Holland, Senior Policy Analyst at the 
OSTP; and Clay Sell and Drew Wil-
lison, both Staff members from the Sen-
ate Energy & Water Subcommittee of 
the Senate Appropriations Committee.

Marburger, who welcomed the delega-
tion in his office in the morning of the 
first day, expressed his strong support 
for the four light sources, stating that 
he was holding them in high regard and 
considered them as the most productive 
user facilities by the scientific research 
community worldwide. 

On the second day of the visit, the 
delegation met with senior staffers from 
the Senate Committee on Energy and 
Natural Resources, the Energy Subcom-

mittee of House Science Committee, 
and the Energy and Water Develop-
ment Subcommittee of the House 
Appropriations Committee.

The highlight of the visit was a meet-
ing between NSLS user Martin Caffrey, 
professor of chemistry at Ohio State 
University in Columbus, and Represen-
tative David Hobson (R-OH), the new 
Chair of the House Energy and Water 
Development Subcommittee of the Ap-
propriations Committee. Caffrey was 
accompanied by Simon Bare. The dis-
cussion focused on the wide variety of 
scientists working at the light sources, 
most of whom are not employees of the 
national laboratories housing the light 
sources, but come from universities, 
other federal agencies, and industry.

At the end of the second day, Bare and 
Lanzirotti visited with Sean Sweeney, a 
staffer in the office of Senator Hill-
ary Rodham Clinton (D-NY) and 
expressed their interest in increasing 
funding for the DOE’s Office of Sci-
ence. The two scientists also reported to 
Sweeney that a proposal has been made 
to the Basic Energy Sciences Advisory 
Committee (BESAC) to build a new 
synchrotron at Brookhaven Lab, NSLS-
II, which will provide a brighter beam 
for greatly improved scientific data and 
many new scientific discoveries.

The members of the delegation were 
generally satisfied with their visit. 
“We came away from our visit feeling 
positive and with many good sugges-
tions on how to expand our efforts,” 
Lanzirotti says. “We also noticed signs 
of support for increased funding for the 
Office of Science. For example, the bill 
introduced onto the floor of the House 
(H.R. 6) on April 10 provides for bud-
get increases of approximately 15, 10, 
15, and 15 percent over the next four 
years.”
— Leemor Joshua-Tor and Simon Bare
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NSLS’s Youngest Scientists 
Learn from Light on “Take 
Our Daughters and Sons to 
Work” Day
April 24, 2003

On April 24, about 30 daughters and 
sons learned about some of the scien-
tific programs at the NSLS, and even 
performed their own scientific experi-
ments. The one-day visit was part of the 
national “Take our Daughters and Sons 
to Work Day.”

At the NSLS, the children learned that 
the facility produces many types of 
light, from microwaves to x-rays, which 
have many applications in many fields, 
including electronics, catalysis, micro-
scopes, and medicine. NSLS scientists 
Marc Allaire, Steve Hulbert, Lisa Miller, 
and Vivian Stojanoff offered a tour of 
the experimental floor to the boys and 
girls, who discovered how synchrotron 
light is used to design non-stick coatings 
for aluminum pans, study bone diseases 
like osteoporosis, and develop new drugs 
using protein crystallography. 

After the tour, the daughters and sons 
had the chance to perform their own 
scientific experiments. Marc Allaire 
demonstrated simple reflection of light 
from a mirror and contrasted that with 
the process of diffraction, which was 
illustrated by reflecting red laser light 
from a CD-ROM -- the world’s most 
popular diffraction grating. But perhaps 
the most exciting moment was when the 
boys and girls discovered that they could 
created their own rainbow patterns by 
diffracting visible white light from the 
CD-ROM.

The boys and girls then had the oppor-
tunity to learn from Lisa Miller about 
the wonders of liquid nitrogen. By 
immersing an inflated balloon in liquid 
nitrogen, they discovered that the air 
inside of the balloon contracts, and then 
re-expands when warmed up. Much 
to the amazement of the entire crowd, 
the balloon survived dozens of repeated 
freeze-thaw cycles without bursting.  But 
perhaps one of the most memorable 
experiments involved freezing natural 

versus artificial daffodils in liquid nitro-
gen. Both the children and their parents 
learned that it is much more fun to 
freeze and crumble a living flower than 
to take it home as a souvenir.                                         
       — Lisa Miller

NSLS 2003 Annual Users’ 
Meeting Highlights Scientific 
Successes, Exciting Future 
Plans
May 19-21, 2003

A spirit of optimism pervaded the 2003 
annual meeting of National Synchro-
tron Light Source (NSLS) users, held at 
BNL May 19-21, 2003, 
with presentations on 
scientific successes and 
plans for new facilities.

“A lot of good things 
have happened at BNL 
in the last year,” said 
Doon Gibbs, BNL’s In-
terim Associate Labora-
tory Director for Basic 
Energy Sciences, as he 
welcomed NSLS users from around the 
country and the world to the Tuesday 
morning main meeting, chaired by Tony 
Lanzirotti of the University of Chicago, 
Chair-Elect of the Users’ Executive 
Committee (UEC). Gibbs pointed out 
that BNL had made “great strides” to-
ward establishing a new 
Center for Functional 
Nanomaterials (CFN) 
and toward significantly 
upgrading the NSLS. 
He also noted that 
several highly quali-
fied people had been 
brought into BNL lead-
ership positions, includ-
ing Praveen Chaudhari, 
the new Laboratory Director.

In introducing Peter Paul, Deputy Di-
rector for Science & Technology, Gibbs 
also took the opportunity to thank Paul 
for his steadfast leadership as Interim 
Director during the past two years. 

Paul, whose task was to give an overview 

Among speakers and attendees at the 
Annual National Synchrotron Light 
Source Users’ Meeting are: (from 
left) Tony Lanzirotti, University 
of Chicago; Steven Dierker, BNL; 
Patricia Dehmer, DOE; Doon Gibbs, 
BNL; Pedro Montano, DOE; Peter 
Paul, BNL; Leemor Joshua-Tor, Cold 
Spring Harbor Laboratory; and Chi-
Chang Kao, BNL.

Simple reflection demonstrated with a 
flashlight, mirror, and a white board.

About 30 sons and daughters visited 
the NSLS for "Take our sons & 
daughters to work" day.
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Robert Hwang (left), who is Director 
of the Lab’s new Center for Functional 
Nanomaterials. Keynote speaker at the 
meeting was Phaedon Avouris (right) 
of IBM’s T.J. Watson Research Center.

of BNL, echoed a statement made by 
Chaudhari at the previous week’s RHIC 
& AGS Users’ Meeting, that DOE 
program managers take a great risk 
when they build new facilities with the 
hope that users will come and do good 
science. 

“Fortunately it has always seemed 
to work out, but we can’t take it for 
granted,” Paul said, emphasizing how 
important it is to have an active user 
community, such as that at the NSLS, 
to keep a facility strong. With such 
involved users and the new leadership at 
the Lab — including Chaudhari, Gibbs, 
James Misewich as Materials Science 
Department Chair, Robert Hwang 
as CFN Director, and Alex Harris as 
Chemistry Department Chair — “We 
are all set to move forward,” Paul said.

After describing improvements in sup-
port services, housing, and other facili-
ties for users, Paul spoke of the CFN, 
recent findings at the Relativistic Heavy 
Ion Collider, and the proposed NSLS-II, 
a third-generation light-source ring that 
would be the future center of synchro-
tron activity at BNL and in the North-
east. “The Laboratory will commit all 
the resources we can muster to make 
this a reality,” he said.

Bob Hwang then presented details of 
the CFN, recognizing that “the current 
excitement in nanoscience is based on 
work that has been going on for decades 
at synchrotrons like the NSLS, and you, 
the users, are a big part of that.” He 
asked NSLS users for help in shaping 
the new center, noting that the CFN, 
like DOE’s four other nanoscience 
research centers, was co-located within 
an existing DOE research facility, in 
this case the NSLS, to build on existing 
strengths.

Like the NSLS, the CFN will be a 
user facility, with a similar process for 
reviewing proposals. With a range of 
complementary facilities focused on six 
scientific areas, the CFN will address 
the goal of tailoring materials’ responses 
to achieve specific functionality based 
on an understanding of nanoscale 
phenomena. 

Offering one example of what nanosci-
ence might yield, Phaedon Avouris of 
IBM’s T.J. Watson Research Center 
then gave the meeting’s keynote address 
on “Carbon Nanotube Electronics.” 

With a break from science to focus on 
funding, UOP’s Simon Bare, lobbying 
coordinator for the UEC, then urged all 
NSLS users to learn about the federal 
funding process and to get involved.

Users could help to “educate” their own 
legislators and the congressional com-
mittee members vital to science funding 
— via letters, phone calls, office visits, 
and even op-ed articles in newspapers 
— about the importance of research 
sponsored by DOE’s Office of Science. 
Several bills that propose increased 
funding for the Office of Science are 
pending, he said, so to take action now 
is vital. For more information, 
see: http://www.nslsuec.org.

The meeting’s next session was chaired 
by Ron Pindak, Head of Science Pro-
gram Support for the NSLS. Patricia 
Dehmer, Associate Director of the Basic 
Energy Sciences (BES) 
within DOE’s Office 
of Science, started the 
session. “After hearing 
this morning’s talks,” she 
said, “it strikes me that 
this is the beginning of a 
transition period for the 
Lab, and I’m very opti-
mistic about the future 
of this institution.” 

Long-range planning within BES has 
resulted in a recommendation for a 
general upgrade to provide a full return 
on capital investments at existing light 
sources, Dehmer explained. Another 
recommendation was for the NSLS-II 
upgrade. “This rated very high,” she 
said, encouraging the spontaneous ap-
plause that erupted, adding, “You can 
thank Steve [Dierker, NSLS Chair] for 
doing such a good job at the presenta-
tion.” 

Referring to the five DOE Nanoscale 
Science Research Centers, she said, “We 
are extremely happy that one of those is 
at Brookhaven. These [nanocenters] are 

Members of the 2003 planning 
committee for the NSLS Users’ 
Meeting include: Ron Pindak, BNL; 
Annie Heroux, BNL; Dan Fischer, 
National Institute of Standards & 
Technology; Lisa Miller, BNL; Liz 
Flynn, BNL; Lydia Rogers, BNL; 
Mary Anne Corwin, BNL; Sue 
Wirick, Stony Brook University; 
and Tony Lanzirotti, University of 
Chicago.
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Poster prizewinners at the 2003 
NSLS Users’ Meeting are: (from 
left) Ally S.-Y. Chan, Rutgers 
University; David Linkous, George 
Mason University; Hidenori Tashiro, 
University of Florida; Henrik Loos, 
BNL; Daisuke Kawakami, Stony 
Brook University (SBU); and V.G. 
Alexandratos, SBU.

Enjoying the “Western” flavor 
banquet held at the 2003 NSLS Users’ 
meeting are the NSLS User Office 
staff, past and present: (standing, 
from left) Gretchen Cisco, Eileen 
Pinkston, Susan Hatzel, Liz Flynn; 
(seated, from left) Lydia Rogers, 
Nancye Wright, Brian Bindert, 
Mary Anne Corwin, and Melissa 
Abramowitz.

Frontiers in Powder 
Diffraction Workshop
May 19, 2003

The theme of the workshop, “Frontiers 
in Powder Diffraction,” held on May 
19th at the 2003 NSLS 
Users’ Meeting, was the 
growing practice and util-
ity of powder diffraction 
and related techniques in a 
variety of contexts. Speak-
ers covered work done 
with x-rays and neutrons, 
performed at the NSLS, 
Advanced Photon Source, 
European Synchrotron 
Radiation Facility, ISIS (spallation 
neutron source at Rutherford Appleton 
Lab, UK), the Intense Pulsed Neutron 
Source (Argonne National Lab), and 
the Institut Laue-Langevan, as well as 
laboratory x-ray instruments.

The first speaker was Cam Hubbard of 
Oak Ridge National Lab, who spoke on 
in situ powder diffraction measurements 
at high temperatures. He discussed a 
variety of experimental systems, studied 
both in the High Temperature Materi-
als Lab at ORNL and at the NSLS in 

going to be a very, very important com-
ponent of the BES family of facilities.”

Dehmer then gave her “Totally Unsanc-
tioned Safety Seminar,” drawing partly 
from her own lab experience. The bot-
tom line: “It is possible – and required 
– to run your laboratory safely, and Pat 
will become a pest [with investigations 
and possible cuts in funding] if you 
mess up.” 

Following Dehmer, Steve Dierker gave 
an overview of recent NSLS successes, 
including Roderick MacKinnon’s “spec-
tacular piece of work” on voltage-depen-
dent potassium ion channels, featured on 
the cover of the May 1 issue of Nature; 
studies of materials that expand under 
pressure; and a paper on cell membrane 
fusion that explains “one of the most ba-
sis processes” of cell division. “This has 
been an action-packed year, with a lot of 
exciting developments,” he said.

Dierker gave credit to the NSLS’s 
support staff, saying, “None of these 
advances would have been possible if we 
could not deliver the photons to the end 
of the beamline. It takes a dedicated and 
talented staff and a determined effort to 
keep both rings running reliably.”

Dierker then reviewed the many beam-
line and instrumentation improvements 
of the past year, and talked about the 
proposed NSLS-II.

This $400 million upgrade, featuring a 
new x-ray storage ring three times larger 
than the current NSLS, would be con-
structed on Brookhaven Avenue, across 
from the existing structure, featuring 21 
superconducting undulator beamlines 
and providing the highest brightness 
of any existing light source, with much 
shorter pulses.

“Our goal is to build the ultimate me-
dium-energy storage ring,” Dierker said. 
“We would see a huge impact from these 
enhanced capabilities, especially in the 
areas of nanoscience and protein crystal-
lography, as larger cells and smaller 
crystals could be analyzed.”

The meeting continued with scien-
tific talks on nanoscience, thin films, 
x-ray crystallography, and new x-ray 

sources. During the afternoon session 
chaired by Lisa Miller, Coordinator of 
the NSLS’s Information & Outreach 
Office, the UEC Community Service 
Award was presented to 
Michael Sullivan, Chief 
Beamline Engineer for 
Albert Einstein College of 
Medicine, for service, in-
novation and dedication to 
NSLS users. The winners 
of the Student/Post Doc 
Poster Contest were also 
announced.

Users were then invited to 
hear more about the BNL nanocenter 
and encouraged to meet with CFN 
scientific and facility leaders before 
adjourning for the meeting’s Western-
theme banquet in Berkner Hall.
             —Karen McNulty Walsh

3-16 NSLS ACTIVITY REPORT YEAR IN REVIEW    3-17



which the ability to follow phase trans-
formations at high temperatures, under 
synthetic conditions, was key to solving 
practical problems in ceramics and other 
high performance materials. Richard 
Harlow (of Harlow, Inc.) followed with 
discussions of work performed at the 
APS on Fe metal catalysts that are used 
by DuPont in commercial scale manu-
facturing. These catalysts are activated at 
high temperature and pressure at the be-
ginning of the process batch, and there 
was inadequate understanding of the 
chemical basis for the observed lot-to-lot 
variation of their performance.  High 
energy x-rays were necessary to penetrate 
the stainless steel tube used to house the 
catalyst under process conditions, and 
high angular resolution was required 
to distinguish the processes of interest 
in the catalyst. Insights gained from 
the study of the state of the activated 
catalyst have given information useful 
to optimize the process in the chemical 
plant.

The next two talks addressed an exten-
sion of the domain of powder dif-
fraction that is becoming increasingly 
important, pair distribution analysis.  
Briefly, this technique transforms the 
entire diffraction pattern into a radial 
distribution function. Instead of analyz-
ing only the Bragg peaks to learn the 
periodically repeating component of 
the crystal structure, pair distribution 
analysis reveals the distribution of local 
environments throughout the sample.  
Accordingly, it is particularly valuable in 
materials that are only partially crystal-
line, such as nanoscale phases. Valeri 
Petkov of Central Michigan Univer-
sity provided an introduction to the 
technique, and discussed recent results 
from studies of nanophase LiMoS

2
, 

Ag
0.4

MoS
2
, (NH

4
)

0.5
V

2
O

5
, magnetic 

GdAl
2
, and Cs intercalated into zeolite.  

Jonathan Hanson (Brookhaven National 
Laboratory, Chemistry Department) 
continued with the theme of radial dis-
tribution structural refinements, com-
bined with “conventional” Bragg peak 
analysis of diffraction patterns in studies 
of the reduction of (nominal) CuO and 
CeO

2
, with measurements performed 

in situ at high temperature. This work 

shows the complementary information 
available from the two techniques, and 
the importance of both in unraveling 
complicated behavior in mixed phase 
materials with partial occupancy of 
several crystallographic sites.

After lunch, Bill David (Rutherford 
Appleton Laboratory, UK) woke the 
audience up with some startling new 
comments on a concept taken for 
granted by most practitioners: least 
squares analysis. While that would be 
the correct approach if the data errors 
obeyed a normal probability distribu-
tion governed by counting statistics and 
the hypothesized model was a correct 
description of the sample diffraction 
properties, these conditions are often 
not met. Starting with a formal descrip-
tion of least-squares analysis, David 
reviewed principles of 
experimental design to 
meet those criteria.  He 
then presented some new 
results on techniques 
to deal with problems 
frequently observed: 
unknown impurities in a 
powder diffraction pat-
tern handled with a new 
minimization criterion, 
and a maximum likelihood approach to 
analyze incomplete structures in which 
some atoms have not been located.

The two following talks covered various 
perovskite-related materials in which 
the interplay of structural distortions, 
charge ordering, and magnetism require 
complementary application of neutron 
and x-ray powder diffraction. El’ad 
Caspi of Argonne National Labora-
tory discussed the phase diagram of 
the colossal magnetoresistance system 
(Ca2+

1-x
Ce4+

x
)MnO

3
. This is a two-elec-

tron doped system (in contrast to more 
familiar one-electron doped systems 
such as (Ca2+,Bi3+)MnO

3
), and the 

faster change of electronic charge with 
ion substitution leads to a much more 
complicated interplay among charge 
ordering, orbital ordering, and spin 
ordering, which in turn causes phase 
separation over a much larger range 
than one-electron systems. Patrick 

Frontiers in Powder Diffraction 
Workshop attendees.
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Processes in Environmental 
Sciences Workshop
May 19, 2003

Reliable long-term prediction of heavy 
element mobility in natural multi-com-
ponent systems or construction of intel-
ligent reactive barrier systems for waste 
confinement requires a fundamental 
process understanding. 
Application of a com-
bination of macro- and 
microscopic techniques 
including EXAFS, 
XANES, FTIR, XRD, 
XRF and soft x-ray 
microscopy can provide 
atomic scale chemical 
information as well as information of 
nano- to microscopic spatial distribu-
tion in complex matrixes. New single 
crystal approaches on well defined crys-
tallographic planes furthermore gives 

Spectroscopy in High Magnetic 
Fields: ESR, Infrared and Other 
Applications Workshop attendees.

Processes in Environmental Sciences 
Workshop attendees.

Woodward of Ohio State University 
opened his talk with several demonstra-
tions that neutrons are often superior to 
x-rays in ab initio structure solutions of 
oxides and fluorides, even though the 
latter are much more widely used. He 
then discussed several neutron and x-ray 
experiments: Fe charge disproportion-
ation in CaFeO

3
, Mn orbital ordering in 

NdSrMn
2
O

6
, and the Verway transition 

on oxygen deficient double perovskites, 
RBaFe

2
O

5+w
 (R = Rb, Y, Ho, and Nd).

In the last session, Tom Vogt (BNL, 
Physics Department) discussed work on 
the high pressure chemistry of zeolites.  
The theme of his talk was the surprising 
discovery of materials that expand under 
pressure, due to increased incorporation 
of water into the zeolite cavities.  So-
dium aluminosilicate natrolite undergoes 
a reversibly pressure-induced lattice 
expansion, whereas a synthetic analog, 
potassium gallosilicate natrolite, expands 
irreversibly, retaining the expanded high 
pressure phase upon returning to ambi-
ent pressure. Vogt presented structure 
determinations showing the role of non-
framework metal ions in distinguishing 
the two cases. Finally, Peter Stephens 
presented a talk largely prepared by 
Robert Von Dreele (Los Alamos and 
Argonne National Lab) on their work 
applying high resolution x-ray powder 
diffraction to proteins.

In all, the broad range of powder dif-
fraction, pair distribution function, and 
single crystal analysis, and the large and 
growing user community at synchrotron 
and neutron facilities points towards 
increasing growth at the frontiers of 
powder diffraction. This in turn indi-
cates continuing demand for improved 
instruments as well as improved access 
to the current generation of operating 
instruments.                
         —Peter Stephens

Workshop on Spectroscopy 
in High Magnetic Fields: 
ESR, Infrared, and Other 
Applications
May 19, 2003

The availability of high field magnets, 
combined with the development of high 
resolution/low energy spectroscopic 
techniques, provides new opportunities 
for probing materials with synchrotron 
light. In this workshop, 
a few selected appli-
cations of x-ray and 
infrared radiation for 
the study of super-
conductors, magnetic 
perovskites, semicon-
ductor quantum wells 
and other systems 
were reviewed. x-ray 
scattering and spectroscopy, electron 
spin resonance, optically detected Hall 
effect, and far IR spectroscopy in high 
magnetic fields were also discussed. The 
speakers included current users as well 
as other leading experts from the U.S. 
and Europe.         
           —Laszlo Mihaly 
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insight in redox-kinetics and sorption 
relevant mineral surfaces. The scope of 
this workshop will be to give a discus-
sion platform as well as an overview 
of recent applications of synchrotron 
based techniques to elucidate important 
pathways in natural and anthropogenic 
influenced environmental systems.
     —Thorsten Schaefer

Bio-Matters: from IR to 
X-rays Workshop
May 21, 2003

For the past two decades the NSLS has 
been increasingly contributing to struc-
tural biology. With the advent of a new 
facility the aim of this workshop was to 
discuss the contributions of different 
synchrotron radiation-based methods 
to the understanding of molecular 
structure and biomolecule function. 
The second goal was to focus on the 
complementary aspects between these 
techniques and different methods such 
as cryo-electron microscopy and neu-
tron scattering methods. The workshop 
consisted of oral presentations, a poster 
session, and a panel discussion session 
on the future requirements and expecta-
tions of the NSLS user community. The 
talks presented are summarized below:

Wayne Hendrickson, Columbia Univer-
sity, “Synchrotron Crystallography in Bio-
logical Discovery,” introduced the subject 
of the workshop. In his talk he described 
the impact of synchrotron radiation on 
the field of biological crystallography, a 
number of technical advances, and the 
problems of radiation damage with the 
advent of more intense sources. Several 
examples were discussed in relation 
to the speed of solution provided by 
crystallography at synchrotron radiation 
sources, and the impact to biochemistry 
and molecular biology.

Chris Jacobsen, Stony Brook University, 
“Soft X-ray Imaging and Spectromicros-
copy,” presented high resolution views of 
chemical contrast through the combina-
tion of soft x-ray microscopes and near-
edge spectroscopy methods. This ap-
proach was illustrated with biomedical 

Bio-Matters from IR to x-rays 
Workshop attendees.

examples including microspectroscopy 
studies of human sperm, and imaging 
of several cell types. 

Rob Scarrow, Haverford College,
“EXAFS Studies of Metalloproteins and 
the Usefulness of Model Coordination 
Complexes,” discussed the application 
of EXAFS (Extended X-ray Absorption 
Fine Structure) analysis to a variety of 
metalloproteins. The determination of 
the nature of ligand atoms, the number 
and lengths of bonds, metal-metal dis-
tances, and how small molecule crystal 
structure databases are useful in the in-
terpretation of the results was discussed 
using lipogenase and porphobilinogen 
synthase as examples. 

Joannna Krueger, University of North 
Carolina at Charlotte, ”Small-Angle 
Scattering: Solutions in Protein Struc-
tural Analysis,” discussed x-ray and 
neutron small angle scattering focus-
ing on the complementary aspects of 
these techniques and other structural 
and biochemical approaches such as 
that obtained 
from selected-
site mutagenesis, 
circular dichro-
ism, NMR, and 
electron micros-
copy.

Udupi A. Ra-
magopal, Albert 
Einstein College of Medicine, and 
Zbigniew Dauter, NIH, “SAD: Happy 
Phasing with Weak Anomalous Scatter-
ers,” described the single-wavelength 
anomalous diffraction (SAD) as an 
alternative to the multiple wavelength 
diffraction method (MAD) applied to 
sulfur-containing proteins and to radia-
tion sensitive samples.

Uwe Bergmann, Stanford, “Advances 
in High-Resolution Hard X-ray Spectros-
copy: From Vibrational Studies to Identify 
ligands to the Local Structure of Water,” 
explained that hard x-ray spectroscopy 
became possible in recent years due to 
intense sources and improvements in 
x-ray instrumentation. The applica-
tion of x-ray fluorescence spectroscopy 
(XFS) of weak lines, resonant inelastic 
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x-ray scattering (RIXS), (non resonant) 
x-ray Raman scattering (XRS) and 
nuclear resonant vibrational spectros-
copy (NRVS) to studies of the oxygen 
K-edge of water, metalloproteins and Fe 
containing systems was shown.

Mark Chance, Albert Einstein College 
of Medicine, “Structure and Dynamics 
of Macromolecular Machines,” described 
synchrotron footprinting to study the 
dynamics and interactions of proteins 
and nucleic acid structures with millisec-
ond time resolution and high structural 
resolution using nanomoles to picomoles 
of material. He gave examples for the 
L-21 ribozyme from Tetrahymena, cofilin 
and time-resolved activation of the actin 
binding protein gelsolin. 

Lisa Miller, NSLS, “Chemical Imaging 
of Biological Tissues using a Combination 
of Infrared, UV-Visible Fluorescence, and 
X-ray Micro-Spectroscopy,” discussed the 
application of synchrotron infrared (IR) 
micro-spectroscopy and fluorescence  
techniques for examining the inherent 
chemical makeup of biological cells and 
tissues at spatial resolutions not achieved  
by conventional IR microscopes. Com-
parisons with other techniques such as 
immunofluorescence and x-ray micro-
spectroscopy were presented in light of 
Alzheimer’s disease, scrapie, and bone 
disease.

Thomas C. Terwilliger, Los Alamos 
National Laboratory, “Structural Genom-
ics: Technology for Structural Biology," 
presented the future needs of structural 
genomics and the current status. He 
focused on the technological improve-
ments needed from protein production 
to structure determination. Several of 
these developments are underway, one 
of the most important being the auto-
mation of data collection and analysis 
at x-ray beamlines worldwide. Other 
technologies such as the engineering of 
proteins for optimal solubility, auto-
mated structure solution, and phase 
improvement by x-ray crystallography 
were also discussed.

Several posters on different subjects 
ranging from imaging to scattering and 
from the NASA radiological program 

to Cryo Electron Microscopy were dis-
cussed over coffee and a lunch break. 

Members of the panel (Wayne Hen-
drickson, Columbia; Thomas Terwil-
liger, Los Alamos; Joachim Frank, Wad-
sworth Center; and Naomi Chayen, 
Imperial College), and workshop par-
ticipants addressed several technological 
problems such as instruments, detectors, 
methods, and software developments to 
subjects such as multiple assemblies and 
unstable systems. The main recommen-
dations were related to the development 
of detectors, brighter sources, instru-
mentation to handle smaller crystals, 
software for automated structure deter-
mination, modeling, and docking. 

Prior to the Bio-matters workshop, a 
workshop was held on the basic and 
advanced methods in protein crystal-
lization. The aim of this one 
day workshop was to allow 
participants to have a hands-
on experience with the differ-
ent crystal growth methods 
available to protein crystallog-
raphers. Naomi Chayen (Im-
perial College) explained the 
microbatch method and the 
oil method; Miroslawa Dauter 
(NIH) discussed the hanging 
drop method, co-crystal-
lization of heavy atoms, and 
seeding; Zbigniew Dauter (NCI-NIH) 
presented strategies in choosing an 
optimal derivative and data collection; 
and Grahemen Williams (Brookhaven 
Instruments) discussed the application 
of the light scattering technique to pro-
tein crystallization. Two parallel sessions 
were organized in the morning and in 
the afternoon where the 22 participants 
could experience the different crystalli-
zation methods. We thank our sponsors 
Nextal Biotechnologies, Brinkmann In-
struments, Millipore, Fisher Scientific, 
Brookhaven Instruments Corporation, 
and New York New Jersey Scientific, 
Inc., for their kind support, without 
which the Crystallization Workshop, a 
satellite meeting to the NSLS Annual 
Users’ Meeting, would not have been 
possible.
       —Vivan Stojanoff

The majority of life science users 
at the NSLS perform protein 
crystallography experiments like the 
one shown here.
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Workshop on High Pressure 
Mineral Physics Using 
Synchrotron Radiation
May 21, 2003

Most techniques for probing materials 
using synchrotron radiation can be ap-
plied to materials at high pressures and 
temperatures using either the Diamond 
Anvil Cell (DAC) or the Large Volume 
Press (LVP, also known as the Multianvil 
Press). These techniques include diffrac-
tion (both energy-dispersive using white 
radiation and angle-dispersive using 
white radiation); radiographic imaging; 
ultrasonic interferometry; stress and 
strain measurements; infrared spectros-
copy; Raman spectroscopy; and inelastic 
scattering. Presentations will be made 
discussing most of these techniques 
and scientific applications of these 
technique.
      —Michael Vaughan

Attendees at the workshop on High 
Pressure Mineral Physics Using 
Synchrotron Radiation.

Workshop on EXAFS 
Under Extreme Experimental 
Conditions:  EXAFS in the 
Realms of Small Spot Size, 
Low Energy, Low Sample 
Concentration, or Fast Time 
Resolution 
May 21, 2003

EXAFS is well established as a measure-
ment technique used in a broad range 
of scientific disciplines. Within certain 
experimental constraints, high quality 
data is routinely obtained by users of 
synchrotrons around the world. In re-
cent years, the scope of EXAFS has been 
expanded by advances in measurement 
techniques. At this year’s NSLS Users’ 
Meeting, these exciting developments 
were explored in a workshop titled, 
“EXAFS Under Extreme Experimental 
Conditions: EXAFS in the realms of 
small spot size, low energy, low sample 
concentration, and fast time resolu-
tion,” organized by Bruce Ravel of the 
Naval Research Laboratory in Washing-
ton, DC. Just as EXAFS is commonly 
used by researchers from many different 

scientific disciplines, so too did our 
speakers present results from many dif-
ferent disciplines, including chemistry, 
environmental science, and materials 
physics.

Barukh Yaakobi of the University of 
Rochester began the workshop by dis-
cussing the use 
of laser-generated 
shocks with im-
ploding targets 
as the radiation 
source for his 
EXAFS experi-
ments. Dr. Yaa-
kobi discussed 
measurements 
of an ultra-fast 
structural phase transition in titanium 
metal induced by the laser-generated 
shock and measured in dispersive 
mode.  He was followed by Vadim 
Palshin from Louisiana State Univer-
sity and CAMD, who discussed the 
experimental challenges of low-energy 
EXAFS measurements. He presented 
detailed structural refinements on the 
silicon K-edge silicon-containing, thin, 
amorphous carbon films.

Lin Chen of Argonne National Labo-
ratory spoke of using the time struc-
ture of a stored current to measure 
photo-excited molecular structures. In 
these experiments, very 
short-lived molecular 
states are measured in a 
pump-probe geometry 
wherein the molecular 
population is laser-ex-
cited and the excited 
state is measured by an 
x-ray pulse incident dur-
ing its lifetime.  Shelly 
Kelly also of Argonne 
National Labora-
tory spoke of uranium 
L3

-edge EXAFS at environmentally 
relevant concentrations. Environmen-
tally relevant concentrations strain the 
limits of detectability even with third 
generation light sources and Dr. Kelly 
discussed the experimental concerns of 
low sample concentrations and ad-
dressed the limits of sample dilution 

Attendees at the workshop on 
EXAFS Under Extreme Experimental 
Conditions: EXAFS in the Realms 
of Small Spot Size, Low Energy, Low 
Sample Concentration, or Fast Time 
Resolution.
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NSLS Scientist Ron Pindak 
Awarded Tenure
June 1, 2003

Brookhaven Science Associates (BSA) granted 
tenure on June 1 to nine Brookhaven scien-
tists. They are: Mark Baker, Chemistry De-
partment; Leslie Bland, Physics Department; 
Christopher Homes, Physics; Jean Logan, 
Chemistry; Ron Pindak, National Synchrotron 
Light Source Department; David Schlyer, 
Chemistry; Subramanyam Swaminathan, Biol-
ogy Department; Dejan Trbojevic, Collider-Ac-
celerator Department; and Gene-Jack Wang, 
Medical Department.

As described in the Scientific Staff Manual, “a 
tenure appointment constitutes recognition of 
independent accomplishment of a high order 
in the performance of original research or of 
other intellectually creative activity appropri-
ate to Laboratory purposes.”

Recognition may be earned through signifi-
cant contributions to knowledge related to 
the purposes of the Laboratory and/or in 
furtherance of the Laboratory’s aims, through 
continuing contributions of outstanding sig-

for full analysis of the EXAFS signal. 
The final talk was by Ronald Cavell of 
the University of Alberta.  He spoke on 
the use of microprobe EXAFS sources to 
map the composition of heterogeneous 
materials. He presented results of map-
ping and structural determination of the 
components of a meteor sample.

There is a rule of thumb that the mea-
surements of elemental identification, 
XANES measurement, and EXAFS 
measurements require increasing orders 
of magnitude of photon flux or sample 
concentration. Consequently detailed 
EXAFS analysis in the limits of small 
spot size, low energy, low concentration, 
or fast time resolution requires special 
considerations for sample preparation 
and measurement.  In many cases these 
experimental limitations have only been 
addressed since the advent of techni-
cal advances such as third generation 
sources.  This workshop provided an 
excellent snapshot of the current state 
of the art technology for each of these 
extreme realms of EXAFS measurement 
and analysis.
               —Bruce Ravel

UEC Community Service 
Award Presented to 
Michael Sullivan
May 20, 2003

Congratulations go out to Michael 
Sullivan, Chief Beamline Engineer for 
Albert Einstein College of Medicine. 
Mike is the second annual recipient of 
the NSLS Users’ Executive Committee 
(UEC) Community Service Award. This 
award is given for service, innovation, 
and dedication to users of the NSLS.

Members of the NSLS user community 
nominated Mike for this award. Here are 
some of the comments that users sent 
about his wonderful contributions:

• “Mike is admired as a tireless, cre-
ative force dedicated to the principle of 
delivering user service.”

• “In my opinion Mike is one of the 
most knowledgeable and extremely help-
ful engineers at NSLS floor, with very 

long experience [19 years] with dealing 
with all technical aspects of many differ-
ent kinds of x-ray synchrotron research 
conducted at NSLS. He is a person who 
made it possible for very many staff and 
visitors to obtain top quality research 
results.”

• “On several occasions, he has come 
in on weekends to help us salvage an 
experiment gone awry, or to bail us out 
of a technical problem. On one occa-
sion, we reached him via his cell phone 
on his boat at sea, and he was able to 
come in and fix the problem to keep us 
running.”

• “Mike is undoubtedly a gold 
standard of service, innovation, and 
dedication to users. Moreover, during 
this winter’s biggest blizzard, I remem-
ber walking by the NSLS parking lot 
when Mike turned his car into a towing 
truck in order to help his users to pull 
out their car out of a huge pile of snow.”

Leemor Joshua-Tor, the Chair of the 
NSLS UEC, presented the award to 
Mike at the NSLS Users’ Meeting ban-
quet on the evening of May 20th. Mike 
received a $250 gift certificate and his 
name was engraved on the plaque on 
display in the lobby of the NSLS.
                            —Leemor Joshua-Tor

Michael Sullivan, NSLS Users’ 
Executive Committee (UEC) 
Community Service Award winner.
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nificance to productive uses of the facilities, or 
outstanding and creative contributions to their 
design, development, and improvement.

For his outstanding contributions and 
sustained high-quality original research 
in the study of complex fluids, with 
particular emphasis on liquid crystals, 
Ron Pindak, NSLS Department, was 
awarded tenure.

“Ron consistently picks fundamentally 
important problems to work on and has 
an ability to design experiments to get at 
the heart of an issue,” said Steven Dier-
ker, NSLS Chair and Associate Labora-
tory Director for Light Sources. “He has 
amply demonstrated the versatility and 
expertise to practice whatever technique 
is necessary, sometimes by collaborating 
with others to learn the technique before 
applying it on his own, and in other 
cases by playing a lead role in develop-
ing a new technique.”

Pindak’s early work in forming free-
standing liquid crystal films led to his 
experimental verification of the hexatic 
phase, a new state of matter with order 
intermediate between that of a liquid 
and of a solid. Later, he and collabora-
tors discovered and characterized the 
“Twist Grain Boundary Phase,” the 
liquid crystal analogue of the Abrikosov 
flux lattice in superconductors with 
screw dislocations playing the role of 
flux vortices.

Pindak joined BNL in 2001 as a physi-
cist after a distinguished 24-year career 
at Bell Laboratories. During his career 
at Bell Labs, he had led a collaboration 
at the NSLS that pioneered the use of 
resonant x-ray scattering to elucidate 
molecular order in chiral ferri- and 
antiferro-electric liquid crystals. This 
required working in a low-energy x-ray 
region where air is very absorbing, so 
special instrumentation, a goniometer 
and x-ray polarization analyzer, which 
would operate in a helium atmosphere, 
had to be designed and constructed.

Said Dierker, “The unique insight 
provided by the measurements estab-
lished by Ron’s work has provided the 
motivation for developing this capability 
as a standard technique for the user 
program on one of the NSLS 

low-energy x-ray beamlines.”

Most recently, Pindak has been a key 
contributor to the development of the 
Coherent Bragg Rod Analysis tech-
nique, which measures the phase of 
x-rays scattered by two-dimensional 
structures, such as epitaxial films or 
interfaces, to allow an absolute deter-
mination of the atomic positions. He is 
now exploring whether this technique 
can be extended to study two-dimen-
sional protein crystals.

In addition, since joining the NSLS, 
Pindak has headed the Science Program 
Support Section of the User Science 
Division, and taken the lead in devel-
oping a soft condensed matter program. 
He also served as the Interim Associ-
ate Director for the BNL Nanocenter. 
Currently, together with Lin Yang, he is 
developing a small angle x-ray scatter-
ing beamline and starting soft matter 
and biophysics research relevant to 
understanding nanoscale device fabrica-
tion and operation.

Pindak received his Ph.D. in physics 
from the University of Pennsylvania in 
1975.
             — Liz Seubert

Dierker Named Associate 
Laboratory Director For 
BNL’s New Light Sources 
Directorate
June 5, 2003

Steven Dierker, a forefront scientist 
and administrator in synchrotron light 
research, was named Associate Labora-
tory Director for the new Light Sources 
Directorate at BNL. Dierker, who is 
Chair of the NSLS, will also retain that 
position.

The NSLS at BNL is one of the world’s 
most widely used scientific facilities. 
Each year, about 2,500 research-
ers from more than 400 universities, 
companies, and government labs use its 
bright beams of x-rays, ultraviolet light, 
and infrared light for research in such 
diverse fields as biology and physics, 

Steven Dierker

Ron Pindak
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chemistry and geophysics, medicine and 
materials science. For example, scientists 
have used the NSLS to produce imagesof 
the AIDS virus as it attacks a human 
cell, develop a method for breast cancer 
detection that is more accurate than 
mammography, and create a method to 
make faster, denser computer chips. The 
facility has 175 employees and a current 
annual budget of about $38 million.

“I am pleased about the continued 
growth of the NSLS Department,” Di-
erker said. “Since its commissioning in 
1982, the NSLS has continually updated 
and expanded its capabilities to remain 
at the forefront of science. Now we are 
proposing a major upgrade - essentially a 
new light source at Brookhaven.”

BNL created the new Light Sources 
Directorate and promoted Dierker 
to his present position because of the 
importance of upgrading NSLS facilities 
within the next decade.

The project represents the next major 
step in the Lab’s long history of build-
ing and operating world-class scien-
tific facilities and is expected to have 
enormous impact in the life sciences, 
materials and chemical sciences, nanosci-
ence, geoscience, environmental science, 
and other areas. Advanced light source 
capabilities would also complement the 
Center for Functional Nanomaterials 
at Brookhaven, which is due to be built 
starting in 2005 and to become fully 
operational by 2008.

After earning B.S. degrees in both phys-
ics and electrical engineering in 1977 
from Washington University, Dier-
ker earned both an M.S. and Ph.D. in 
physics from the University of Illinois, 
Urbana-Champaign, in 1978 and 1983, 
respectively. In 1983, he joined the 
Semiconductor and Chemical Physics 
Research Department at AT&T Bell 
Laboratories (now Lucent Technologies), 
and, in 1990, he joined the University 
of Michigan, where he was Professor of 
Physics and Applied Physics. He joined 
BNL in May 2001 to become Chair of 
the NSLS.

Since 1992, Dierker has been a mem-
ber of the NSLS Users Group, and he 

performed initial experiments at the 
NSLS to develop a novel synchrotron 
technique called x-ray photon correla-
tion spectroscopy, which uses coherent, 
or highly ordered, synchrotron beams 
to study colloidal systems, or particles 
dispersed in a solid, liquid, or gaseous 
medium, and polymers.

Since 1996, Dierker has been a member 
of the Advanced Photon Source (APS) 
Users Organization at Argonne National 
Laboratory, and he chaired that organi-
zation from 1998-2000. He also helped 
to plan the construction, design, and 
operation of beamlines at the APS, with 
funding from DOE and the National 
Science Foundation.
    — Diane Greenberg

Yeshiva University Under-
graduates Experience Hands-
On Research at BNL
June 17, 2003

In June 2003, 12 students and 
3 instructors from Yeshiva Uni-
versity (New York) spent a week 
at Brookhaven National Labo-
ratory as part of an undergradu-
ate course entitled “Experi-
ments in Modern Physics”. This 
course was developed by Yeshiva 
Physics Professor Anatoly Fren-
kel, in collaboration with his 
departmental colleagues Profes-
sors Gabriel Cwilich and Fredy 
Zypman.  Professor Frenkel 
is also a long-time NSLS beamline 
scientist at X16C. The course was five 
weeks long, including four weeks on 
the Manhattan campus where students 
had lectures and labs introducing them 
to the foundations of modern physics, 
and one week of “mini-experiments” 
at BNL. Students participating in the 
course had widespread backgrounds, 
majoring in Physics, Political Science, 
English and Psychology. 

The most attractive component of the 
new course was the Brookhaven visit. 
The purpose of this visit (and the entire 
course) was to help students under-

Yeshiva University undergraduates 
and faculty enjoy their summer mini-
experiments at the NSLS.
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‘Mail-In’ Crystallography at 
the NSLS Featured in Nature
June 19, 2003

BNL’s Howard Robinson, Biology 
Department, who runs the “mail-in” 
crystallography program at the NSLS, 
got star billing (and photo prominence, 
right) in a news feature on the subject 
in the June 19, 2003, issue of Nature. 
Since 2000, Robinson and others at the 
NSLS have offered a mail-in data-col-
lection service for scientists who want 
to solve protein structures without 
having to travel to a synchrotron 
themselves. According to 
the Nature article, such 
services are becoming 
increasingly popular for 
biologists without formal 
training in crystallogra-
phy and for those who 
would rather not wait 
for time on a beamline. 
Robinson’s team at the 
NSLS typically works on 
about 50 mail-in projects 
a year, free to academic 
scientists. Consistent with BNL’s mis-
sion of making its highly specialized 
research facilities available to outside 
researchers, this mail-in program 
broadens BNL’s service to science and is 
helping to speed up the process of bio-
logical research. The program is funded 
by the Office of Basic Energy Sciences 
and Office of Biological & Environ-
mental Research within DOE’s Office 
of Science and the National Institute of 
Health’s National Center for Research 
Resources.
         — Karen McNulty Walsh

Howard Robinson

stand modern physics through a series 
of mini-experiments, while exposing 
them to the atmosphere of a National 
Lab where modern physics is practiced 
every day. The five BNL experiments 
were organized in collaboration with 
BNL scientists who helped to plan and 
run the experiments for several shifts 
of students. In this way teams of 3-4 
students could rotate between all of the 
experiments during the week. 

Three experiments, the “Photoelectric 
Effect,” organized by Anatoly Fren-
kel, “Time-Resolved Chemistry,” Jon 
Hanson (BNL-Chemistry), and “Fin-
gerprinting of Fingerprints,” organized 
by Lisa Miller (BNL-NSLS) were run 
at the NSLS beamlines X16C, X7B and 
U10B, respectively. The experiments 
were designed to show students both the 
laws of physics (photoelectric effect and 
x-ray absorption; x-ray diffraction and 
Bragg’s law; absorption of infrared light 
by vibrating molecules) and elements of 
research.  Two additional experiments, 
“Nuclear Decay” and “Electron-Posi-
tron Annihilation,” were organized by 
Kathryn Kolsky and Leonard Mausner 
at BNL’s Isotope Facility. There the 
students visited the Brookhaven LINAC 
Isotope Producer (BLIP) and spent two 
days studying properties of gamma ra-
diation (absorption, element character-
ization, inverse square law and the law 
of radioactive decay) by operating the 
facility’s germanium gamma ray detec-
tors. They were particularly fascinated 
by utilizing the E = mc2 law to obtain 
the electron mass from the characteristic 
“electron-position annihilation” peak at 
511 MeV.

For most of the students it was the first 
experience of this kind. They endured 
working long shifts, participating in the 
ongoing laboratory research and enjoy-
ing the sense of “discovery” in learning. 
The entire group thanks the Brookhaven 
teams of scientists for their help and 
the NSLS for financial support. The 
course is now used as a prototype for a 
new course “Current Topics in Nanosci-
ence” that is under development by the 
Yeshiva faculty.
   — Anatoly Frenkel, Yeshiva University

NSLS EXAFS Data 
Collection and Analysis 
Short-Course Has Another 
Successful Year
July 14 - 17, 2003

A hands-on EXAFS Data Collection 
and Analysis Course was held July 
14-17, 2003 at the NSLS. The course 
was co-organized by Bruce Ravel (Naval 
Research Laboratory) Simon Bare 
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Participants in the 2003 NSLS 
EXAFS course.

(UOP LLC), with superb administrative 
support by Lisa Tranquada (SFA, Inc.). 
Twenty-eight eager participants (gradu-
ate students, postdocs, and institution 
and industrial scientists) represent-
ing universities, national laboratories, 
research institutes, and industry attended 
the course. Of these, there were ten new 
users to the NSLS. The participants had 
diverse research interests across a broad 
spectrum of scientific fields (materials 
science, geological and environmental 
sciences, catalysis, and biology) and 
attended to learn how XAFS may be ap-
plied to their research program.

The four-day course was divided into 
morning lectures, with two afternoons 
of hands-on data collection using seven 
different NSLS spectroscopy beamlines 
(X9B, X11A, X18B, X19A, X23A2, 
X23B, and X26A), and two afternoons 
of data analysis. The instructors on the 
beamlines were Faisal Alamgir, Wolfgang 
Caliebe, Scott Calvin, Syed Khalid, Tony 
Lanzirotti, Nebojsa Marinkovic, and 
Kaumudi Pandya.

The eight morning lectures were: 
“Introduction to XAFS,” given by Matt 
Newville (University of Chicago), “Ba-
sics of sample preparation” by Scott Cal-
vin, “XANES measurement and inter-
pretation” by Simon Bare (UOP LLC), 
“Detectors and synchrotron radiation” 
by Peter Siddons (BNL), “Basics of data 
processing” by Shelly Kelly (Argonne 
National Laboratory), “Introduction 
to theory” by John Rehr (University of 
Washington), “Introduction to analysis” 
by Anatoly Frenkel (Yeshiva University), 
and “Applying XAFS into a research 
program” by Rich Reeder (Stony Brook 
University). The time allotted for the 
lectures allowed ample time for stimulat-
ing discussion, which often developed.

For the first two days of the course, 
after attending the morning lectures, 
the participants were divided into small 
groups by research discipline to conduct 
the experimental part of the course. Each 
student became familiar with beamline 
operation and collected real XAFS data 
on representative samples from their 
own individual research projects. On 
the last two days, following the morning 

lectures, the participants learned data 
analysis techniques using their own data 
they had just collected. The participants 
also enjoyed ample time for infor-
mal discussion over coffee and in the 
evenings over the excellent dinners that 
were included in the course fee.

There was a tre-
mendous amount 
of information 
disseminated over 
the four days. All 
the participants 
left the course 
with new friends 
and armed with 
the basic tools 
to apply x-ray 
absorption spectroscopy to their own 
research programs.

We plan to offer the course again in 
2004 – check the NSLS website for 
updated information.

The course was sponsored by the NSLS, 
with support from the Center for Envi-
ronmental Molecular Science at Stony 
Brook University.
             — Simon Bare

NSLS Summer Sunday 
Draws a Record-Breaking 
Crowd
August 3, 2003

On Sunday August 3, 2003, over 
750 visitors toured the NSLS 
as part of Brookhaven National 
Laboratory’s Summer Sunday 
tour series. Thirty-five NSLS 
staff members, students, and us-
ers volunteered their time for the 
event, which was organized by 
NSLS scientist, Lisa Miller.

Each summer, BNL is open 
for tours on seven consecutive 
Sundays, feature exciting interactive 
exhibits and an inside look at a different 
Laboratory facility each week, including 
the NSLS.

Tours of the NSLS included presenta-
tions, demonstrations, and hands-on 

University of Chicago scientist Tony 
Lanzirotti animated scientific research 
at the NSLS to an overflowing NSLS 
seminar room crowd.
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exhibits. At Berkner Hall, visitors 
watched an introductory video about 
how a synchrotron works, narrated by 
NSLS Chairman Steve Dierker. After 
a short bus ride and tour of the Lab, 
visitors were dropped off at the NSLS.  
In the seminar room, NSLS scientists 
presented an introduction to “Science 
at the NSLS” by describing the many 
ways the NSLS is used to study scien-
tific problems that affect everyday life. 
Improvements in biomedical imag-
ing techniques, drug design, catalytic 
converters, environmental cleanup, and 
computer storage media were just a few 
of the topics discussed.

Visitors then toured the NSLS lobby, 
which was transformed into an exhibit 
area for numerous light- and synchro-
tron-related demonstrations. Visitors 
were able to experience “total internal 
reflection” as a laser beam was guided 
through a stream of falling water. A 
display on the principles of vacuum 
demonstrated its effect on a ringing bell, 
a balloon, a feather, and a marshmal-
low. The technique of diffraction was 
demonstrated using tiny metal grids and 
compact disks. Visitors had the oppor-
tunity to build their own “crystals” using 
gumdrops, and “see” the synchrotron 
light (at least the visible part of the spec-
trum) transported to the lobby through 
a fiber optic. But perhaps one of the 
all-time favorite features in the NSLS 
lobby was the view of the experimental 
floor from the display windows, which 
continues to amaze visitors year after 
year.

In addition to the many exhibits at the 
NSLS, BNL volunteers at Berkner Hall 
engaged visitors in a number of other 
activities. A hands-on exhibit called 
“Brain Matters,” produced by the Or-
egon Museum of Science and Industry 
and funded by the National Institutes of 
Health, offered visitors the opportunity 
to explore the wonder of the brain and 
test their skills in solving challenging 
“brain twisters.” Also, an exhibit about 
the 2002 Nobel Prize in Physics award-
ed to a Brookhaven Lab scientist was on 
display, and the Camp Upton Historical 
Collection featured memorabilia from 

NSLS scientist Vivian Stojanoff, shows 
how much fun it can be to build 
crystal models out of gumdrops and 
toothpicks.

Fun with vacuum techniques was 
demonstrated by Alec Bernston (left), 
a Cornell University freshman that 
was a summer student at the NSLS.

World Wars I and II. The ever-popular 
“Whiz Bang Science Show” — popular 
with both adults and children — was 
also shown several times during the day. 
Both children and adults enjoyed lively 
interactive demonstrations of basic 
scientific principles. How does a “Ber-
noulli blower” float a beach ball in the 
air? What’s a corrugaphone and how 
does sound travel through it? These 
were just a few of the intriguing items 
covered in the show.
               —Lisa Miller

In a series of articles published in the Bul-
letin, some research that was presented at 
the 226th meeting of the American Chemical 
Society (ACS), September 7-11, 2003, in 
New York City was featured.

Important Intermediate 
Isolated With Help From 
Reverse Reaction
September 7-11, 2003

BNL chemists have used a new way to 
isolate and study an important  Inter-
mediate in a chemical reaction: They 
run the reaction in reverse.

By starting with the final products 
— epoxides— and placing them on the 
surface of a model catalyst, the chemists 
are able to use surface chem-
istry techniques to “catch” the 
intermediate. Understand-
ing this intermediate may 
ultimately help in developing 
improved or new catalysts 
for the forward reaction — a 
reaction that produces impor-
tant “building blocks” in the 
manufacture of larger organic 
molecules. 

In the forward direction, the 
interaction of the reactants 
with the surface is either 
too weak to allow direct 
study of the mechanism, or 
the intermediate — a ring 
structure on the surface of the 
silver catalyst — forms and 
transforms too quickly for scientists to 
study. But in reverse, the intermediate 
stays on the surface longer, so scientists 

The NSLS lobby ws filled with visitors 
all day one on the NSLS Summer 
Sunday.
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NYS Senators Balboni, 
Flanagan Visit BNL to Learn 
About Lab’s Homeland 
Security Initiatives, More
September 12, 2003

On Friday, September 12, New York 
State Senator Michael Balboni, 7th 
District, who chairs the Senate Com-
mittee on Veterans, Homeland Security 
and Military Affairs, and New York 
State Senator John Flanagan, 2nd Dis-
trict, who, among other contributions, 
is a member of that same Committee, 
visited BNL with Jim Sherry, Counsel 
to Balboni.

can apply various techniques to try to 
understand the reaction mechanism.

“If we find a general rule based on our 
studies with this model catalyst, then 
we can design a new catalyst, because 
we know how the reaction occurred on 
the surface,” said the BNL Chemistry 
Department’s Hong Piao, who is work-
ing on the project. The general goal is 
to improve the reactivity and selectivity 
of the catalyst for producing particular 
products.

Piao presented a talk on this work at the 
American Chemical Society’s September 
meeting’s Division of Colloid and Sur-
face Chemistry poster session, “Funda-
mental Research in Colloid and Surface 
Chemistry.” This work was funded by 
the Division of Chemical Sciences, Of-
fice of Basic Energy Sciences at DOE’s 
Office of Science. 

         — Karen McNulty Walsh

Nanoscale Model Catalyst 
Paves Way Toward Atomic-
Level Understanding
September 7-11, 2003

In an attempt to understand why 
ruthenium sulfide (RuS

2
) is so good at 

removing sulfur impurities from fuels, 
BNL chemists have succeeded in making 
a model of this catalyst — nanoparticles 
supported on an inert surface — which 
can be studied under laboratory condi-
tions.

“If we can understand why this catalyst 
is so active, we might be able to make 
it even better, or use what we learn to 
design other highly efficient catalysts,” 
said Tanhong Cai of the BNL Chemistry 
Department, one of the scientists who 
made the model.

Removing sulfur from fossil fuels such 
as oil and coal is mandated because the 
resulting fuels burn more cleanly and ef-
ficiently. One common way of achieving 
this is to add hydrogen in the presence 
of a catalyst to release hydrogen sulfide 
(H

2
S).

Recently, RuS
2
 was found to be 100 

times more active than the catalyst most 
commonly used for this “hydrodesul-
furization” reaction. But studying the 
catalyst in action is nearly impossible 
because the reaction takes place at high 
temperatures and under extreme pres-
sure.

The BNL team has therefore created 
a model of the catalyst via a chemi-
cal reaction that deposits nanosized 
particles of RuS

2
 on a nonreactive gold 

surface. The small size of the particles 
maximizes the surface area available 
for the catalytic reaction to take place, 
and makes it ideal for analysis by classic 
surface chemistry techniques, such as 
scanning tunneling microscopy and 
x-ray photoemission spectroscopy. The 
entire model is being studied under 
well-defined ultrahigh vacuum 
conditions.

Cai presented a talk on the 
preparation and characteriza-
tion of this model catalyst at 
the American Chemical Soci-
ety’s September meeting during 
the “Size-Selected Clusters on 
Surfaces, Division of Physical 
Chemistry” session. The work 
was funded by the Division of 
Chemical Sciences, Office of 
Basic Energy Sciences at DOE’s 
Office of Science.
         — Karen McNulty Walsh

Tanhong Cai

Hong Piao
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At BNL’s Radiation Detector 
Testing & Evaluation Facility are: 
(front, from left) NYS Senator John 
Flanagan, BNL’s Ralph James and Paul 
Moskowitz, and NYS Senator Michael 
Balboni.

After being welcomed by BNL Director 
Praveen Chaudhari, as well as DOE’s 
Brookhaven Area Office Manager 
Michael Holland, Associate Labora-
tory Director for Energy, Environment 
& National Security Ralph James, 
and Assistant Laboratory Director for 
Community, Education, Government 
& Public Affairs Marge Lynch, the 
party was taken to the Lab’s Radiation 
Detector Testing & Evaluation Facility 
(RADTEC).

There, Charles Finfrock of the Energy 
Sciences & Technology Department; 
Biays Bowerman of the Environmental 
Sciences Department; and Paul Mos-
kowitz of the Nonproliferation & Na-
tional Security (NNS) Department out-
lined the purpose of RADTEC, which 
is twofold — to assemble, operate, and 
test commercial and government off-
the-shelf technologies targeted for vari-
ous homeland security applications, and 
to provide baseline data for comparison 
purposes. At the facility, researchers 
collect baseline data on various types of 
detectors, and are available to provide 
assistance in training city, state, and 
federal officials to operate the detectors 
and interpret the results. RADTEC is 
open to all commercial and government 
technology vendors and is expected to 
become an important resource for local, 
county, state, and federal officials.

The visitors next stopped at the NSLS, 
to meet Associate Laboratory Direc-
tor for Light Sources and NSLS Chair 
Steven Dierker and NSLS scientist Peter 
Siddons, who gave an overview of some 
of the research done in such diverse 
fields as biology and physics, chemistry 
and geophysics, materials science, and 
medicine. The group then saw beamline 
X12A, where detectors being developed 
by BNL and others in support of home-
land security initiatives are inspected at 
a new testing station.

The tour continued at the Instrumenta-
tion Division, where, a collaboration 
including NNS is developing a detector 
that acts as a camera to make images of 
objects that emit low-energy neutrons. 
As Vanier explained, since there are very 
few natural background neutrons, and 

they are uniformly distributed, a con-
centrated source of neutrons is strong 
evidence of a manmade device, such 
as a plutonium weapon, or of spent 
nuclear fuel.

Graham Smith, Instrumentation, then 
showed the visitors a working prototype 
of a xenon-filled gamma ray spectrom-
eter that BNL is developing to detect 
radioisotopes potentially in the terrorist 
arsenal, such as dirty bomb materials. 
Xenon detectors can be built in very 
large sizes, so as to 
pick up signals of 
radioisotopes more 
quickly and over a 
wider area than do 
instruments now 
available. Hence, 
these detectors 
will be suitable for 
homeland security 
applications.

One of BNL’s most 
enormous detectors, STAR, provided 
the next stop on the tour. The visitors 
learned from Tim Hallman, Collider 
Accelerator Department, that STAR 
tracks and analyzes thousands of 
particles, such as protons, neutrons, 
and pions, that may be produced in 
collisions of two beams of subatomic 
particles speeding around the tunnel 
at the Relativistic Heavy Ion Collider 
(RHIC). In the RHIC experiment, 
scientists expect to discover more about 
conditions that existed in the first few 
microseconds of the universe.

The visit concluded at the Positron 
Emission Tomography (PET) facil-
ity, where David Schlyer, Chemistry 
Department, described some of the 
Lab’s pioneering neuroimaging research 
on the brain chemistry of addiction, 
aging, and diseases such as Parkinson’s 
and Alzheimer’s, and the recent PET 
research on imaging awake animals. 
Some of this work has veterinary sup-
port from the State University of New 
York’s Downstate Medical Center in 
Brooklyn.
              —Liz Seubert

3-28 NSLS ACTIVITY REPORT YEAR IN REVIEW    3-29



NSLS Physicist Wins 2003 
Free Electron Laser Prize 
October 10, 2003

Li Hua Yu, a physicist at the NSLS won 
the 2003 Free Electron Laser (FEL) 
Prize sponsored by the 25th Interna-
tional Free Electron Laser Conference. 
Yu received the award, which consists 
of $3,000, a certificate and a plaque, 
at the FEL conference held this year in 
Tsukuba, Japan. 

Yu’s award was given “in recognition 
of his outstanding contributions to 
FEL science and technology.” Over the 
last 20 years, Yu and colleagues from 
Brookhaven contributed significantly in 
developing two types of lasers that are 
important for scientific investigations: 
the self-amplified spontaneous emis-
sion free electron laser (SASE FEL), and 
the high gain harmonic generation free 
electron laser (HGHG FEL). 

In the SASE process, the 
light the laser emits for 
experiments starts from 
noise, or random signals. 
In contrast, in the HGHG 
process, the output light 
starts from fast-moving 
electrons interacting with a 
seeding laser that shifts the 
light to a higher frequency 
and makes it significantly 
more coherent, meaning electrons move 
in a coordinated way to emit light. The 
intense light of the HGHG FEL reveals 
the fine details of atomic interactions 
inside materials and the very fast mo-
tions of molecules in chemical reactions, 
all with an unsurpassed precision. 

Yu explained, “The HGHG FEL com-
bines the intensity and coherence of a 
laser with the broad spectrum of light 
available in a synchrotron, a type of ac-
celerator. The invention of the laser pro-
vided a revolutionary source of coherent 
light that created many new fields of 
scientific research. The development of 
the HGHG FEL extends the reach of 
lasers to much shorter wavelengths, thus 
opening new research opportunities.” 

Yu continued, “I am very happy to 

Li Hua Yu with FEL Prize  

2003 NSLS Annual Awards 
Ceremony and Picnic
September 17, 2003

On Wednesday, September 17, the 
NSLS had its annual Awards Ceremony 
and Picnic. Despite the impending ar-
rival of Hurricane Isabel, the weather 
was spectacular and the pig roast was 
another big success. The picnic was coor-
dinated by Laura Miller and executed 
by a number of NSLS staff members, 
including Charlie Nielson, Boyzie Singh, 
Bob Best, Joe Greco, Paul Humbert, Jim 
Lacy, Jim Newburgh, John Burke, Gerry 
Van Derlaske, and Bob Kiss, along with 
Ken Sutter “the pigman.”

This year, Service Awards were given to 
24 NSLS staff members: Al Almasy, Sam 
Krinsky, and Bob Casey (30 years); Roy 
D’Alsace, Walter De Boer, John Galla-
gher, Rick Greene, Chris Lanni, Payman 
Mortazavi, Jack Tallent, Frank Terrano, 
and Gerry VanDerlaske (25 years); Di-
ane Hatton, Steve Hulbert, Jim Murphy, 
and Florin Staicu (20 years); Peter Gross, 
Alan Levine, Paul Montanez, Pauline 
Pearson, Eva Rothman, Brian Sheehy, 
Chris Stelmach, and Xijie Wang (10 
years).

Spotlight Awards were presented to 
NSLS staff members for the completion 
of extraordinary accomplishments that 
were of significant benefit to the De-
partment, Division, or Laboratory. This 
year’s Spotlight Award winners were: (1) 
Brian Kushner for getting the x-ray ring’s 
digital vertical feedback up and running, 
(2) Jim Newburgh for outstanding radio 
frequency cavity installation efforts dur-
ing the winter 2002 shutdown, (3) Jack 
Tallent for designing a new beam profile 
monitor for the x-ray ring, (4) John 
Burke for completely rebuilding the fire-
damaged Pulse Forming Network (PFN) 
section of the SDL modulator-A, and (5) 
Gary Nintzel for preparation, disman-
tling, and shipping of the U6 beamline.
                —Lisa Miller

NSLS Chairman Steve Dierker 
presented the Service and Spotlight 
Awards at the Annual Picnic.

NSLS Staff enjoying the barbeque.
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2003 Nobel Prize in 
Chemistry Awarded to NSLS 
User Roderick MacKinnon
October 8, 2003

Roderick MacKinnon, M.D., frequent 
NSLS user, won half of this year’s Nobel 
Prize in Chemistry for work explaining 
how a class of proteins helps to generate 

Rod MacKinnon. Photo courtesy 
of Chris Denney for the Howard 
Hughes Medical Institute, ©2003.

receive this award, and I am grateful for 
Brookhaven Lab’s support and the excel-
lent team who worked with me to make 
the HGHG FEL at Brookhaven the first 
and only one of its kind in the world.” 

At Brookhaven’s Accelerator Test Facil-
ity in 1999, Brookhaven scientists, in 
collaboration with Argonne National 
Laboratory researchers, verified the theo-
retical foundation of the HGHG FEL 
operating in the infrared region of the 
light spectrum. In 2002, the technique 
was further developed to enable the 
HGHG FEL at Brookhaven to produce 
shorter wavelength light in the deep 
ultraviolet spectral region. This enabled 
researchers to perform new chemistry 
experiments. 

The HGHG FEL may be a comple-
mentary research tool to synchrotrons 
around the world, including the 
Brookhaven’s Laboratory Directed Re-
search and Development Program, the 
U.S. Naval Research Laboratory, and the 
U.S. Air Force funded Yu’s research on 
the DUV-FEL. 

Li Hua Yu earned his undergraduate 
degree from Jilin University in China 
in 1970. He earned both an M.S. and 
Ph.D. in physics from Stony Brook Uni-
versity in 1980 and 1984, respectively. 
In 1984, he joined Brookhaven Lab as a 
research associate, and he rose through 
the ranks to become a senior physicist, 
in 2000. With a team of eight scientists 
and engineers from Brookhaven, Yu 
won an R&D 100 Award from R&D 
Magazine in 1989 for inventing the 
Real-Time Harmonic Closed-Orbit 
Feedback System, which stabilizes the 
orbit of electron beams in synchrotrons. 
      —Diane Greenberg

nerve impulses -- the electrical activity 
that underlies all movement, sensation, 
and perhaps even thought. The work 
leading to the prize was done primarily 
at the Cornell High Energy Synchro-
tron Source and the National Synchro-
tron Light Source. 

The proteins, called ion channels, are 
tiny pores that stud the surface of all 
of our cells. These channels allow the 
passage of potassium, calcium, sodium, 
and chloride molecules called ions. 
Rapid-fire opening and closing of these 
channels releases ions, moving electrical 
impulses from the brain in a wave to 
their destination in the body. 

Starting in 1998, after 10 years study-
ing the biophysics of ion channels, 
MacKinnon published a series of 
structural solutions — high-resolu-
tion molecular-level “snapshots” of 
ion channels, produced at Cornell and 
Brookhaven. These structures literally 
showed the scientific community how 
electrical signaling occurs. 

MacKinnon, a biophysicist and self-
taught x-ray crystallographer, is a 
professor at Rockefeller University and 
an investigator at the Howard Hughes 
Medical Institute. He shares this year’s 
chemistry Nobel with Peter Agre, 
M.D., of Johns Hopkins University 
School of Medicine.

[Editor's note: For more information on 
MacKinnon's work, see the related Feature 
Highlight beginning on page 2-10]
           —Karen McNulty Walsh

NSLS Shines Light on 
Disease
October 23, 2003

A group of four BNL scientists inves-
tigating the underpinnings of diseases 
from osteoporosis to botulism pre-
sented an overview of their work to a 
group of reporters in person and via 
live “webcast” on Thursday, October 
23, at BNL. All the presenters use 
the extremely bright beams of energy 
(from infrared to x-rays) available at the 
NSLS.
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(Top, from left): Walter Mangel 
and Lisa Miller (bottom, left) 
Subramanyam Swaminathan and 
Zhong Zhong.

389th Brookhaven Lecture 
‘Nanoscale Twist in Liquid 
Crystal Miniature Video 
Displays’ 
December 17, 2003

Recently, commercial large-viewing 
angle flat panel displays, as well as 
miniature video displays for digital 
cameras, camcorders, head- and helmet- 
mounting, have been produced using 
ferroelectric liquid crystal (FLC) and 
antiferroelectric liquid crystal (AFLC) 
technology.

While developing materials for these 
devices, researchers noticed the thermal 
signature of a rich variety of new inter-
mediate phases of the liquid crystals. 
The structures of these intermediate 

Ron Pindak

NSLS Chair Steven Dierker gave an 
overview of the facility, which is used by 
more than 2,500 scientists from outside 
the Lab each year – including this year’s 
chemistry Nobel Prize-winner, Rod 
MacKinnon of Rockefeller University, 
who used x-rays to determine the struc-
ture of proteins that help transmit nerve 
impulses throughout the body. Solving 
protein structures via the technique of 
x-ray crystallography can help scientists 
understand the proteins’ functions and 
perhaps devise strategies to prevent them 
from causing disease.

That is the exact approach being pur-
sued by the Biology Department’s Walter 
Mangel and Subramanyam Swamina-
than. Through x-ray crystallography and 
other techniques, Mangel has uncovered 
several parts of a viral enzyme that might 
be susceptible to antiviral drugs. “If you 
can block the activity of the enzyme,” he 
says, “you can block the infection.”

What is more, the sites Mangel has iden-
tified interact with one another. This led 
him to propose a new type of multi-drug 
therapy that viruses would not be able to 
“outsmart” via evolution of drug resis-
tance. Using multiple drugs against sev-
eral targets on the same enzyme might 
be effective against a range of viruses, 
including those that cause pink eye and 
AIDS, and against a range of bacteria, 
including those that cause Chlamydia, 
plague, and even malaria.

Swaminathan is using the NSLS x-rays 
to reveal components of botulinum 
toxin, the protein that causes botulism, 
that are central to its paralyzing effects. 
He is working to develop drugs that fit 
into the toxin’s active sites to disrupt the 
potentially deadly process at three crucial 
steps. The result may be a vaccine and/or 
drugs that eliminate the toxin’s potential 
as an agent of biowarfare or bioterror-
ism.

Shining the NSLS’s beams on more tra-
ditional targets — bones and other body 
tissues — are the NSLS’s biophysicist 
Lisa Miller and physicist Zhong Zhong. 
Miller is using the infrared beams to 
study bone composition, particularly 
that associated with areas of microscopic 

damage. She wants to know how bone 
composition changes in response to 
common osteoporosis treatments. Her 
work could lead to improvements in 
osteoporosis drugs.

Zhong uses the NSLS x-rays to look 
not just at bone, but at soft tissues like 
cartilage, blood vessels, 
skin, and fat deposits as 
well. His technique, called 
diffraction-enhanced im-
aging (DEI), uses higher 
energy x-rays that pass 
right through the sample 
without being absorbed, 
which results in a lower 
dose to the patient than 
traditional x-ray tech-
niques. DEI makes soft 
tissues visible because 
each tissue type scatters 
the beam differently. A 
sensitive analyzer crystal 
can detect these subtle 
diffractions and translate 
them into different in-
tensities, visible on x-ray 
film in magnificent detail. 
The technique could yield 
more accurate and earlier diagnosis of 
soft-tissue diseases such as breast cancer.
         — Karen McNulty Walsh
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phases look identical by conventional 
x-ray analysis and involves nanometer 
orientational properties that occur at 
smaller dimensions than can be observed 
using conventional optical microscopy.

To overcome this limitation of conven-
tional investigative techniques, Ron 
Pindak, a physicist at the NSLS, and 
other researchers used a property of 
synchrotron x-ray sources — or more 
specifically, an intense beam of linearly 
polarized x-rays of a specific energy 
— to directly probe the nanometer-scale 
helical ordering of these new phases of 
liquid crystals.

Pindak gave a presentation on this re-
search on Wednesday, December 17, at 
4 p.m., the 389th Brookhaven Lecture, 
“Nanoscale Twist in Liquid Crystal 
Miniature Video Displays.” Pindak was  
introduced by Steven Dierker, NSLS 
Chair and Associate Laboratory Director 
for Light Sources.

As Pindak explained in his talk, the x-
ray scattering process is highly sensitive 
to the orientation of the chemical bond-
ing of the atom, and therefore sensitive 
to the orientation of the molecule itself 
when using x-rays with an energy that 
excites electrons from the core of an 
atom within a molecule. He described 
how FLCs and AFLCs are used in de-
vices and contrasted their behavior with 
more widely used liquid crystals.

Pindak joined BNL in 2001 as a physi-
cist after 24 years at Bell Laboratories. 
Since then, he has headed the Science 
Program Support Section of the User 
Science Division, and taken the lead in 
developing a condensed matter program. 
He also served as the Interim Associate 
Director for the BNL Nanocenter.

Pindak received a B.S. in physics from 
Boston College in 1969 and a Ph.D. in 
physics from the University of Pennsyl-
vania in 1975.
            — Ron Pindak and John Galvin
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Workshop on Frontiers in 
Synchrotron X-Ray Micro-
beam Diffraction
January 10, 2003

The Workshop on Frontiers in Synchro-
tron X-Ray Microbeam Diffraction was 
held on January 10, 2003 in the Hamil-
ton seminar room in the Chemistry De-
partment at BNL, with a large gathering 
of over 40 people. The purpose of this 
workshop was to inform the scientific, 
university, and industrial community of 
the plans to design and install a state-
of-the-art microdiffraction instrument 
at NSLS mini-gap undulator beamline 
X13B. This proposal was submitted to 
the DOE Office of Science towards the 
end of January and would be operated 
as a general user facility with an empha-
sis on nanoscale research. Opportunities 
in the cutting-edge science that could be 
accomplished with this instrument were 
explored, and user input was solicited.

The workshop was introduced and 
chaired by Dr. Elaine DiMasi (BNL 
Physics Dept.), who also outlined the 
motivation for the proposed instrument. 
The value of cutting-edge user facilities 
was described from the perspective of 
BNL management by Dr. Doon Gibbs, 
Associate Laboratory Director for Basics 
Energy Sciences (BES). He emphasized 
the importance to DOE and BNL of 
interacting with users at an early stage so 
that they can influence the evolutionary 
process by which new facilities are devel-
oped and built. He described the organi-
zational structure of BNL BES as well as 
a number of exciting planned projects. 
Two such projects that will have a 
great impact on microbeam diffrac-
tion science at BNL are the proposed 
upgrade to the NSLS and the Center for 
Functional Nanomaterials (CFN). Dr. 
Gibbs concluded his presentation with 
a challenge to the audience to come up 
with ideas about scientific impacts that 
can be made by the future NSLS. 

The CFN was further elaborated upon 
by NSLS scientist Dr. Ron Pindak. The 
CFN is one of five new DOE Nanoscale 
Science Research Centers (NSRCs). The 
user programs of the five centers were 

launched at a workshop in Washington 
DC on February 26-28, 2003. The 
CFN has six scientific themes that 
involve interdisciplinary research on 
diverse systems, which are listed and 
described on the CFN website, http:
//www.cfn.bnl.gov/. The instrumenta-
tion and capabilities of the CFN are 
organized into “lab clusters,” such as 
materials synthesis, proximal probes, 
nanopatterning, etc. The CFN will 
be a user facility similar to the NSLS 
and both user programs will be coordi-
nated through a common user office. 
Thus, one proposal 
can allow access to 
NSLS beamlines 
as well as CFN lab 
tools. Two of the 
NSLS beamlines, a 
SAXS beamline on 
X21 and the X13B 
microdiffraction 
beamline, will be 
optimized to service 
the needs of CFN 
General Users. The center, in addition 
to having the infrastructure to support 
state-of-the-art fabrication facilities, 
will provide offices and interaction 
areas for students and postdocs as well 
as regular staff.

Dr. Patricia Mooney of IBM presented 
a talk on materials research for silicon 
CMOS technology using microbeam 
x-ray sources. Strain-relaxed SiGe 
“virtual substrates” for strained silicon 
CMOS transistors were described and 
results of studies characterizing the 
defect microstructure of these films 
were presented. Dr. Mooney remarked 
on how the divergent beam available at 
X20A of the NSLS limited the resolu-
tion at which “micrograins” could be 
observed, and that a sub-micron, more 
parallel beam would be of great advan-
tage in her work.

A survey of synchrotron microdiffrac-
tion capabilities around the world was 
given by Prof. Cev Noyan of IBM. He 
pointed out that several synchrotrons, 
in particular the ESRF and ALS, have 
put great emphasis and resources into 
microbeam diffraction. The great vari-

Frontiers in Synchrotron X-Ray 
Microbeam Diffraction workshop 
attendees.
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ety in hard x-ray microfocusing optics 
and a number of designs for access-
ing reciprocal space (pink beam Laue, 
scanning monochromator Laue, small 
sphere-of-confusion six-circle, single-
axis, etc.) were explained. The following 
two talks described in detail the micro-
diffraction capabilities currently available 
at the NSLS. Dr. Ken Evans-Lutterodt 
of Agere described the X16C microdif-
fraction beamline. He used the example 
of the selective growth of semiconduc-
tor materials on a patterned substrate to 
illustrate that microdiffraction combined 
with spectroscopy can be used to obtain 
strain and chemical composition infor-
mation with micron-scale spatial resolu-
tion. Dr. Jean Jordan-Sweet of IBM next 
described the capabilities of beamline 
X20A. This capillary- and diffractome-
ter-based instrument is primarily used to 
measure strain fields and mosaic struc-
ture by scanning diffraction topography. 
Results were presented on interfacial 
stress/strain in metal features on silicon 
and on electromigration-induced stress 
in narrow metal lines.

The proposed microdiffraction instru-
ment to be built at X13B was described 
in the next two talks. Dr. James Ablett 
of the NSLS presented specifications and 
recently measured spectral plots of the 
new X13 Mini-Gap Undulator (MGU) 
source. He then described the plan to 
use a 4-bounce silicon monochroma-
tor and a variety of x-ray microfocusing 
optics for the proposed instrument. The 
monochromator can be removed for 
pink-beam studies, and the optics will 
be interchangeable between KB mirrors, 
capillary, pinholes, zone plates, and pla-
nar refractive lenses. The modular design 
will allow for great flexibility in beamsize 
and divergence selection. Dr. Ken Evans-
Lutterodt further described the diffrac-
tometer and detector configurations. In 
order to minimize vibration and torque 
on the sample and optics, the detector 
arm will be a completely separate system. 
The entire microdiffraction instrument 
is being designed to be robust, easy to 
align and use, and modular, in order to 
serve a variety of users from students to 
busy experts.

After a break for lunch, the workshop 
resumed with presentations on scien-
tific opportunities by researchers from 
a range of disciplines. Dr. Mehmet 
Sarikaya of the University of Wash-
ington began with an overview of the 
fascinating world of structural biomi-
metics. Biomaterials such as spiders’ 
silk, mother-of-pearl, protein coats on 
certain bacteria, sea urchin spines, and 
sponge spicules exhibit nanoorganiza-
tion. Understanding the structural, 
functional, and process design char-
acteristics of these self-as-
sembled structures will lead 
to the invention of engineered 
“bio-inspired” materials of 
the future. Next, Dr. DiMasi 
presented a talk prepared 
by Dr. Joanna Aizenberg of 
Lucent Technologies, which 
described how self-assembled 
nano structures of calcite crys-
tals and other materials can be 
formed using organic alkane 
chain templates which have a variety 
of attached functional groups. These 
assemblies of crystals can be patterned 
and oriented in many ways by chang-
ing the functional group, chain tilt, and 
lithographic pattern. Following this 
talk, Prof. Valery Kiryukhin of Rutgers 
University described several correlated 
electronic systems that form functional 
materials, which exhibit large changes in 
electrical or magnetic properties (such as 
colossal magnetoresistance) under rela-
tively weak external perturbations. He 
showed an example of strain mapping in 
the vicinity of a grain boundary taken at 
beamline 2ID-D at the APS. In order to 
study these systems, a microdiffraction 
instrument with temperature control, 
precise sample positioning, optical 
access, and tunable energy is needed. 
The scientific opportunity session was 
concluded with a talk by Dr. Jeffrey 
Kysar of Columbia University who 
discussed the difficulty in determin-
ing the relationship between stress and 
strain in materials. He has simplified 
the problem by reducing it from 3-D to 
2-D by performing experiments using 
a line of applied force rather than the 
conventional point indenter on a metal 

Microdiffraction setup at beamline 
X13B.
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surface. A microbeam diffraction beam-
line would allow for the measurement of 
residual stresses and dislocation density 
on the surface of laser shock processed 
samples as a function of position from 
the “peened” line.

During the afternoon discussion session 
Dr. DiMasi read letters from members 
of the Clay Minerals Society email 
listserver. These researchers would like 
to see an instrument having high bril-
liance, a sensitive area detector, variable 
spot size, and control over temperature 
and humidity. Audience members also 
supported the desire for environmental 
control, citing the need to study self-as-
sembly experiments in liquid solution 
rather than in just the dried post-as-
sembly state. There is a need to get 
all information - tilt, chemical, lattice 
spacing, transformation temperature, 
etc., from single grains on the order of 
a micron in size. Many times the need 
for a parallel beam was mentioned. A 
discussion about the measurement of 
organic and bio-materials brought up 
legitimate concern over the possibility of 
beam damage. Another desired capabil-
ity mentioned several times is computed 
tomography. Questions were asked 
about the time structure of the exist-
ing NSLS x-ray ring vs. the proposed 
upgrade. Pump-probe experiments are 
possible now with a ~0.5 nanosecond 
period, and in the future with ~20 fem-
tosecond resolution. The APS currently 
has a 50 picosecond timing structure. 
It was pointed out that single-shot mi-
crodiffraction would not yield enough 
intensity, but a locked-in, repeated 
pump-probe setup would be able to ac-
cumulate enough signal. 

The workshop concluded with commit-
tee members encouraging researchers 
to try microbeam experiments now on 
existing instruments, in order to see 
what is needed and what works. It is 
expected that the new microdiffraction 
beamline will constantly evolve over 
time, and experience now will lead to a 
better instrument in the future. Many 
components are available now or will be 
soon for experimental trials.
     —Jean Jordan-Sweet

Two NSLS Scientists Win 
Engineering Awards
January 30, 2003

At the BNL Employee Recognition Award 
Ceremony on January 30, 17 Lab employees 
were rewarded with BNL’s highest honors, 
including two NSLS scientists who won the 
$5,000 Engineering Awards, which are given 
to recognize distinguished contributions to 
engineering or computing over one or more 
years.

Donald Lynch, a project engineer who 
joined BNL in September 1991, and 
George Rakowsky, an electrical engineer 
who returned to BNL 
in July 1993, both at 
the NSLS, were recog-
nized for their sustained 
contributions in the de-
velopment of small-gap, 
in-vacuum undulators, a 
technology now adopted 
at most synchrotron 
radiation facilities in the 
world.

The NSLS operates 
two electron storage rings: the 2.8-giga 
electron volt (GeV) x-ray ring and a 
0.8-GeV vacuum ultraviolet ring, which 
contain periodic magnetic structures 
called wigglers and undulators, col-
lectively known as insertion devices. 
Electrons are sent racing around the 
rings at nearly the speed of light. When 
they cross an insertion device, they emit 
a very intense, narrow beam of synchro-
tron radiation.

Earlier generations of undulators in 
medium-energy machines such as the 
NSLS x-ray ring are able to generate 
only “soft” x-rays, up to about 1 kilo 
electron volt (keV) of photon energy. 
The small-gap undulators generate tun-
able “hard” x-rays in the range of 3 to 
20 keV, which are essential for decod-
ing the structure of complex biological 
molecules in the rapidly expanding field 
of structural biology. Previously, tunable 
hard x-ray beams were available only at 
the very high-energy storage rings, such 
as the 7-GeV Advanced Photon Source 
at Argonne National Laboratory.

The idea of introducing a small-gap, 
short-period undulator in the NSLS 

Pictured at right with Associate 
Laboratory Director for Facilities & 
Operations Mike Bebon (back, right) 
are the recipients of BNL’s 2002 
Engineering Award: (back, from
left) Donald Lynch, NSLS 
Department; George Rakowsky, 
NSLS; Jack Fried, Instrumentation 
Division; (front, from left) 
George Ganetis, Magnet Division; 
Christopher Channing, Plant 
Engineering Division; and Joseph 
Levesque, Emergency Services 
Division.
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x-ray ring was originated in the late 
1980s by Sam Krinsky, then NSLS 
Deputy Chair. Peter Stefan, then NSLS 
physicist, did the first proof-of-prin-
ciple tests and developed the conceptual 
design of the small-gap undulator. Lynch 
worked with Stefan on the mechanical, 
structural, thermal, and vacuum design 
of the first two generations and on the 
latest version of the device.

Rakowsky proposed the magnetic 
design in 1991 and built a demonstra-
tion model, followed by the full-scale 
magnet arrays of the Prototype Small-
Gap Undulator (PSGU) under contract 
for the NSLS, while he was employed 
at Rocketdyne, now part of Boeing, in 
California. After returning to BNL in 
1993, Rakowsky worked with Lynch, 
Stefan and other collaborators at SPring8 
in Japan, to develop the breakthrough 
In-Vacuum Undulator (IVUN).

Lynch and Rakowsky then developed the 
third-generation, higher-performance 
Mini-Gap Undulator (MGU), which 
has operated in the x-ray ring since 
January 2002. The MGU’s compact size 
will allow the installation of two more 
MGUs, resulting in two new undulator 
beamlines. The next MGU was installed 
in May to serve a new beamline funded 
by the National Institutes of Health and 
dedicated to structural biology.

In developing these devices, still record-
breakers as the smallest in their field, 
Rakowsky led the way in magnetic 
design and measurement, while Lynch 
provided the mechanical solutions to 
meet each challenge.

Their success has established the NSLS 
as the leader in small-gap undulator 
technology.

This innovation has dramatically 
changed light-source development 
world-wide to favor medium-energy ma-
chines of around 3-GeV over the more 
costly 6-to-8-GeV machines 
previously constructed as hard x-ray 
sources. The small-gap concept also 
serves as the basis for the NSLS 3-GeV 
upgrade proposal.          
             —Patrice Pages

BNL/Canadian Space Agency 
Experiment Lost in Tragic 
Columbia Accident
February 1, 2003

Among the 80 scientific experiments 
lost in the recent tragic accident involv-
ing the space shuttle Columbia, one was 
prepared by a team of scientists who 
would have studied the results at the 
NSLS. This experiment had been de-
signed to provide insights into develop-
ing not only new drugs against cancer, 
but also drought-resistant plants.

The experiment is part of the Canadian 
Space Agency’s Protein Crystal Growth 
(PCG) program, a project aimed at 
studying how proteins grow in space. A 
series of different protein crystal growth 
experiments were conducted in the re-
cent Columbia mission, one of which is 
involved in a hallmark of cancer, called 
cachexia, which results in emaciation 
and muscle wasting. Another represent-
ed a protein used by plants to defend 
against environmental stress, such as 
drought and high salinity.

“Previous crystal growth experiments 
conducted in space have provided 
evidence that, when protein crystals 
grow in space, they are of higher quality, 
that is, they have fewer defects and may 
be of larger size than those grown on 
Earth,” says Robert Sweet, BNL Biology 
Department and a PCG project col-
laborator. “But we know too little about 
the effectiveness of having crystals grow 
in space, where there is nearly no grav-
ity. So we decided to compare crystals 
grown on Earth and in space.”

Controlled Experiment

The PCG scientists, led by Jurgen 
Sygusch, a biochemist at the Univer-
sity of Montreal in Canada, designed a 
controlled experiment wherein duplicate 
samples of proteins in solution were 
taken to Kennedy Space Center (KSC), 
and one set of samples was taken into 
space on the space shuttle Columbia, 
one of five reusable spacecraft that 
had been employed by the National 
Aeronautics & Space Administration 
(NASA) since 1981.

Protein crystal growth experiments 
were conducted on the Space Shuttle 
Columbia.
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While Columbia circled Earth from 
January 16 to 31, the protein samples on 
board were allowed to crystallize. At the 
same time, duplicate samples acting as 
controls were crystallized at KSC in the 
same type of crystallization hardware. 
If Columbia had returned to Earth, the 
two sets of samples were to have been 
compared with one another, using the 
intense light generated by the NSLS.

How Crystals Grow

“When crystals grow on Earth, gravity 
introduces disturbances that affect the 
way protein molecules assemble into a 
crystal lattice,” Sygusch says. “But, in 
spacecraft such as Columbia, which or-
bit about 400 miles above Earth, crystal 
growth is subjected to only a millionth 
of Earth’s gravity — called micrograv-
ity — so that the protein molecules 
during crystal growth are free of these 
disturbances, which is what we wanted 
to study.”

In their experiment, the scientists 
planned to investigate two important 
disturbances, called convection and 
sedimentation, that occur during crystal 
growth.

“You can imagine a growing crystal 
being like layers of molecules that are 
piling up on each other,” Sygusch says. 
“Non-crystalline aggregations of protein 
molecules that form naturally under 
crystal-growth conditions tend to dis-
turb the deposition of these layers.”

Sygusch explains that convection in the 
protein solution occurs because the pro-
tein is actually at a lower concentration, 
and therefore lower density, immediately 
adjacent to the growing crystal. This 
causes an upwelling of the solution that 
causes a surprisingly vigorous mixing of 
proteins and their aggregates.

As for sedimentation, once small crystal-
lites have formed, they tend to sink to 
the bottom of the container, out of the 
zone of where they grew, and often cease 
growth.

Both convection and sedimentation 
affect crystal growth on Earth. In mi-
cro-gravity, the absence of convection 
eliminates solution mixing and reduces 

incorporation of protein aggregates into 
the crystal lattice, while no sedimenta-
tion allows crystallites to grow into 
larger crystals, leading to crystals of 
better quality. The higher crystallinity 
translates into a better definition of the 
atomic detail that can be obtained from 
synchrotron diffraction experiments.

“To get our results,” Sweet says, “we 
had not only prepared two identical 
experiments, one on Earth and the 
other in space, but we had also de-
cided that the data collected from both 
experiments would be analyzed in a 
double-blind fashion. 
After crystals had been 
recovered from Colum-
bia, they would have 
been combined with the 
crystals grown on Earth 
in such a way that we 
could measure results 
without knowing until 
afterwards from which 
source the crystals came.”

Next Step

The PCG team is now 
waiting to know when they will be able 
to send new experiments in space, per-
haps in an unmanned spacecraft. “Our 
experiment could easily be activated 
automatically,” comments Sweet.

“Some perturbations, such as astronaut 
movements and orbit corrections, could 
be avoided if this experiment were 
performed in a free flyer or unmanned 
spacecraft,” agrees Sygusch, who is 
confident that more chances to conduct 
experiments in space will arise in the 
near future.

“The latest Columbia mission was 
a tragic human disaster and a scien-
tific catastrophe,” Sygusch says. “But, 
once we understand what happened, 
we must continue. We will be able to 
investigate something never achieved 
before in the history of humankind: a 
glimpse of what life might look like 
in a world with a different level of 
gravity.”                      
           —Patrice Pages

BNL scientist Bob Sweet 
demonstrates protein crystallography 
experiments underway at the NSLS.
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U.S. Rep. John Sweeney 
Visits BNL and NSLS
February 24, 2003

U.S. Representative John Sweeney 
(R-20th District), visited BNL on Febru-
ary 24 with his aide Gaia Mishanta Ford. 
Sweeney serves on the House Appropria-
tions Committee and on February 12 
was named to the Select Committee on 
Homeland Security, which helps develop 
policy for the larger Homeland Security 
Committee.

Welcomed by BNL Interim Direc-
tor Peter Paul, Sweeney met with 
Michael Holland, Manager of DOE’s 
Brookhaven Area Office, and Marge 
Lynch, Assistant Laboratory Director for 
Community, Education, Government & 
Public Affairs. The Congressman then 
visited the NSLS, one of the world’s 
most widely used scientific facilities. Re-
searchers at the NSLS use sophisticated 
techniques to study the electronic and 
structural properties of materials and 
surfaces at the atomic level.

At the NSLS, Doon Gibbs, Interim 
Associate Laboratory Director for Basic 
Energy Sciences, and NSLS Chair Steven 
Dierker explained a proposed NSLS 
upgrade that will dramatically improve 
the capabilities available to the approxi-
mately 2,500 researchers from scientific 
institutions and industry who use the 
NSLS for their research each year. They 
also discussed plans for the new BNL 
Center for Functional Nanomaterials. 

Later, on the NSLS experimental floor, 
Sweeney visited beamline U10B, where 
researchers use infrared light to study 
such diseases as Alzheimer’s, osteoarthri-
tis, and osteoporosis. 

He next stopped at Berkner Hall, where 
Ralph James, Associate Laboratory 
Director for Energy, Environment & 
National Security, explained some of 
the Lab’s work in the field of homeland 
security. 

James focused on BNL capabilities in 
the areas of advanced sensor technol-
ogy, particularly the Lab’s research and 
development on nuclear, chemical, 
biological, and explosive detectors. 

Sweeney was also interested in seeing 
actual prototypes of BNL hardware that 
could detect more minute quantities of 
nuclear radiation from greater distances 
and without the false alarms attributed 
to many current approaches.

James described some of BNL’s research 
suited to reducing the vulnerabilities 
of New York State, including better con-
trol of radioactive materials, advanced 
technologies to monitor cargo contain-
ers at national seaports, 
and sensor networks to 
help protect New York and 
its mass transportation 
systems. 

BNL scientists’ work to 
identify and prioritize 
risks, such as those con-
nected with U.S. public 
water, bridges, banking and 
finance, electric power, gas, 
and oil and telecommuni-
cations infrastructures, was 
also presented.

The Congressman conversed with As-
sociate Director for Life Sciences Nora 
Volkow before concluding his visit. 
“The enthusiastic interest shown by 
Congressman Sweeney in the broad 
science of BNL, as well as his immediate 
understanding of the Lab’s crucial role 
in the safety and securitiy of New York 
City, was impressive and refreshing,” 
said BNL Interim Director Peter Paul.
                                       —  Liz Seubert

On the experimental floor of the 
NSLS, U.S. Representative John 
Sweeney (center) and BNL Interim 
Director Peter Paul talk with NSLS 
scientist Lisa Miller about research 
on Alzheimer’s disease being done at 
beamline U10B.

DOE Nanoscience Workshop 
Draws Crowd
February 27-28, 2003

More than 400 attendees of the first 
DOE Nanoscale Science Research Cen-
ters workshop, which was held February 
27-28 in Washington D.C., were treated 
to a blue-ribbon lineup of political and 
scientific speakers. The message the 
participants heard was loud and clear: 
Nanotechnology research may involve 
the study of very small things, but it 
represents potentially very big things in 
terms of federal funding for the physical 
sciences.
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Attendees at the DOE Nanoscale 
Science Research Centers workshop.

“It’s as if we all have the same speech-
writer,” observed former BNL Director 
John Marburger, who is now Director 
of the Office of Science & Technology 
Policy and President George W. Bush’s 
science advisor, who delivered an address 
entitled “Nanoscience and the National 
Science Agenda.” 

In his speech, Marburger said that the 
governments of every major devel-
oped nation are now seeking to gain a 
competitive advantage by investing in 
nanotechnology research. “What gives 
our nation the edge are the five DOE 
nanoscale science research centers,” he 
said.

Under the National Nanoscience 
Initiative which was launched in fiscal 
year 2001, DOE’s Office of Science 
announced it would establish the five 
new centers to “support the synthesis, 
processing, fabrication, and analysis” 
of materials at the nanoscale. These 
centers are: Lawrence Berkeley National 
Laboratory’s Molecular Foundry; the 
Center for Functional Nanomateri-
als at BNL; the Center for Integrated 
Nanotechnologies at Sandia National 
Laboratories and Los Alamos National 
Laboratory; the Center for Nanophase 
Materials Materials Sciences at Oak 
Ridge National Laboratory; and the 
Center for Nanoscale Materials at Ar-
gonne National Laboratory.

Marburger was introduced by Office 
of Science Director Raymond Orbach 
who, in his opening remarks, pro-
claimed that the five DOE nanoscience 
centers will be at the hub of national 
laboratory research efforts in nanore-
lated fields.

“All five centers are in the President’s 
proposed FY2004 budget and all are 
well on their way to becoming a reality,” 
Orbach said. 

Before hearing from Orbach and Mar-
burger, workshop attendees first heard 
from U.S. Representative Judy Biggert, 
a Republican who represents the 13th 
District of Illinois and who chairs the 
Energy Subcommittee of the House Sci-
ence Committee. 

Biggert recently introduced H.R. 34, 
the “Energy Science and Investment 
Act of 2003,” which calls for the Office 
of Science to receive an overall increase 
in funding of nearly 62 percent by 
FY2007. This would mean a FY2007 
authorization level of $5.31 billion, 
compared to the $3.3 billion funding 
for FY2003. According to the Ameri-
can Institute of Physics, her bill is one 
of the most important physics-related 
research bills that the new Congress will 
consider this year.

“Nanotechnology research is very im-
portant to our nation’s future economic 
competitiveness,” Biggert told work-
shop attendees. “The Office of Science 
is uniquely positioned to do nanotech-
nology research and I am convinced its 
nanoscience centers can only enhance 
our economic competitiveness.”

The Congresswoman urged attendees 
to contact their Congressional rep-
resentatives and get 
them to support H.R. 
34, which now has 74 
cosponsors. In addi-
tion to a substantial 
increase in funding for 
the Office of Science, 
her bill would also 
make some significant 
administrative changes 
in DOE. An Under 
Secretary of Energy & Research posi-
tion would be created, with authority 
over all DOE funded civilian science 
at the non-weapons national labora-
tories and research universities. A new 
Assistant Secretary of Science would 
replace the current director position, 
and a Science Advisory Board would 
be established that would consist of the 
chairs of DOE’s advisory panels.

“I am a scientist wannabe who has 
always thought that scientists were 
very cool,” Biggert said to enthusiastic 
applause. 

The applause was also enthusiastic and 
vigorous for U.S. Representative Zach 
Wamp, a Republican who represents 
the 3rd District of Tennessee and serves 
on House Appropriations Committee 
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John Marburger, Director of the 
Office of Science & Technology 
Policy, and Patricia Dehmer, Director 
of DOE's Office of Basic Energy 
Sciences.

and the Energy and Water Subcommit-
tees.

Speaking at a Thursday luncheon, 
Wamp told attendees, “If we want a bal-
anced federal budget, we have to invest 
in technology. Investing in the physi-
cal sciences can give us another boom 
economy.” 

Wamp has won a “Champions of Sci-
ence” award bestowed by the Science 
Coalition, an alliance of more than 400 
organizations dedicated to sustaining 
the federal government’s commitment 
to U.S. leadership in basic science. As 
a rousing speaker, Wamp energized the 
nanoscience audience.

Arguing that the national economic 
slump is a reason for more investment 
in the physical sciences rather than less, 
he cited the example of the Japanese 
government. 

“The economy in Japan is bad, but that 
did not stop their government from 
investing in super-computing and taking 
the lead in that technology,” he said. 
“New technologies are needed to solve 
problems not just today but for the 
long-term too. This takes leadership [in 
the physical sciences] and we’re just not 
there now.”

To get the resources needed to advance 
the development of nano and other tech-
nologies that can help solve persistent 
global problems, such as energy, Wamp 
said, “We need to do a much better job 
of marketing the physical sciences. We’ve 
got to brand the physical sciences in a 
different way. It is crucially important 
to the vitality of your science and this 
country’s economy that we get people 
excited about and supportive of the 
physical sciences.” 

Attendees also heard from Senator Pete 
Domenici (R-New Mexico), another 
winner of the Champions of Science 
award. As chairman of the Senate Energy 
and Water Development Appropriations 
Subcommittee, Domenici has been a 
strong supporter of the physical sciences. 
He is especially keen on the promise of 
nanotechnology.

“Nanotechnology represents a new 
frontier, and it’s harder to guess exactly 
where these new ultra-miniaturized 
technologies will make the greatest 
contribution,” the Senator said. “Sug-
gestions range from new generations of 
ultra-tough or ultra-light materials to 
new approaches to hydrogen storage for 
a future generation of hydrogen fueled 
vehicles. This is a truly exciting and 
revolutionary field.”

Domenici also expressed confidence in 
DOE’s ability to lead the development 
of nanotechnology. “The Department 
has led the nation in other major sci-
entific initiatives in the past, from high 
performance computing to the human 
genome project,” he said. “Nanoscience 
provides another golden opportunity for 
the Department to again lead the way 
into an important new area.”

Scientific presentations were given by a 
number of the major names in nano-
technology research, and the directors 
of the five nanoscale science research 
centers each gave an overview of their 
centers, including BNL’s Bob Hwang, 
who spoke about the Lab’s Center for 
Functional Nanomaterials.

It was Patricia Dehmer, Director of 
DOE’s Office of Basic Energy Sciences, 
who perhaps best summarized the 
anticipated role of the five new nanosci-
ence centers with respect to the Nation-
al Nanotechnology Initiative and the 
country’s need to maintain economic 
competitiveness.

“The DOE centers are different from 
centers funded by the National Science 
Foundation and others, in that they are 
patterned after the same philosophy that 
guides our national user facilities: They 
are there to be used by everyone, includ-
ing researchers from universities and 
private industry, as well as national labo-
ratories,” Dehmer said. “We will partner 
aggressively with NSF and others to get 
the job done. The importance of nano-
technology research and development 
cannot be overstated.”
         — Lynn Yarris, Lawrence Berkeley 
National Laboratory
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SUNY Chancellor Robert 
King Visits Brookhaven
March 27, 2003

On Thursday, March 27, Robert King, 
Chancellor of the State University of 
New York (SUNY), visited BNL for an 
introduction to the Lab and its pro-
grams. As SUNY Chancellor, King over-
sees one of the nation’s largest university 
systems, with about 500,000 students 
and an annual state budget of about 
$7 billion. After a welcome lunch with 
Interim BNL Director Peter Paul, BNL 
Director-designate Praveen Chaudhari, 
Manager of the DOE Brookhaven Area 
Office Michael Holland, and several As-
sociate Lab Directors and Department 
Chairs, the Chancellor toured the Lab.

The first stop focused on atmospheric 
chemistry research in the Environmental 
Sciences (ES) Department chaired by 
Creighton Wirick. ES scientist Peter 
Daum of the Atmospheric Sciences 
Division talked about BNL’s labora-
tory, field, and modeling program that 
has contributed to understanding the 
mechanism of photochemical smog 
formation. Judy Weinstein-Lloyd, a 
professor at SUNY Old Westbury who 
has a long-standing collaboration with 
BNL scientists, spoke of her program 
to develop new instrumentation for 
measuring atmospheric oxidants.

Ralph James, Associate Laboratory 
Director for Energy, Environment, & 
National Security, then described BNL 
homeland security initiatives, such as 
research and development on nuclear, 
chemical, biological, and explosive 
detectors. James showed King actual 
prototypes of BNL hardware that could 
detect small quantities of nuclear radia-
tion from great distances.

King’s second stop was at the Relativis-
tic Heavy Ion Collider (RHIC), where 
Associate Laboratory Director Thomas 
Kirk, together with Collider-Accelera-
tor (C-A) Department Chair Derek 
Lowenstein and Physics Department 
Chair Samuel Aronson described the 
program of RHIC and its four detectors. 
At one of these detectors, PHENIX, Ed 
O’Brien, PHENIX operations manager, 

and PHENIX analysis coordinator 
Thomas Hemmick, a physics professor 
at Stony Brook University outlined the 
scientific goals of the experiment and 
gave King a brief idea of how PHENIX 
collects RHIC data.

Next, King visited the NSLS, one of the 
Northeast’s and New York State’s most 
important scientific facilities. Interim 
Associate Laboratory Director for Basic 
Energy Science 
Doon Gibbs and 
NSLS Chair Steven 
Dierker explained a 
proposed upgrade 
that will dramati-
cally improve the 
capabilities avail-
able to the NSLS’s 
approximately 
2,500 researchers 
from universities, 
scientific institutions, and industry.

As King learned, researchers from 
SUNY at Albany, Buffalo, Plattsburgh, 
and Stony Brook used 20 NSLS beam-
lines during fiscal year 2002 for studies 
of, for example, materials characteriza-
tion, materials in high magnetic fields 
and under extreme conditions, poly-
mers, and biological and environmental 
systems. Plans for the new BNL Center 
for Functional Nanomaterials were also 
discussed.

The SUNY Chancellor moved on to 
BNL’s NeuroImaging Center, where 
Linda Chang, Medical Department 
Chair, and Joanna Fowler, who heads 
the NeuroImaging Center, described 
some of the Lab’s pioneering neuroim-
aging research on the brain chemistry 
of addiction; diseases such as Parkin-
son’s and Alzheimer’s; and aging. King 
also learned about the center’s recent 
research on imaging awake animals, 
which has veterinary support from 
SUNY’s Downstate Medical Center in 
Brooklyn.

King concluded his visit with discus-
sions at the Director’s Office, during 
which he stated how impressed he was 
with the programs of the Laboratory 
and its broad scope of research. He 

Listening as Peter Daum (right) 
of the Environmental Sciences 
Department explains BNL research in 
atmospheric chemistry are: (from left) 
Ralph James, Associate Laboratory 
Director for Energy, Environment, & 
National Security; Creighton Wirick, 
Environmental Sciences Department 
Chair; Praveen Chaudhari, then 
designate BNL Director; Robert King, 
State University of New York (SUNY) 
Chancellor; Judy Weinstein-Lloyd, 
SUNY Professor at Old Westbury; 
Brian Giebel, SUNY Old Westbury; 
and Jun Zheng, Stony Brook 
University.
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pointed to a number of educational op-
portunities as good steps to increase the 
connections between the Lab and New 
York State. Interim Director Paul, who 
expressed his appreciation to the Chan-
cellor for the visit to BNL, commented, 
“Chancellor King clearly recognized the 
importance of BNL for the economy of 
New York State and the education of the 
education of the State’s students.”     
             — Liz Seubert

RapiData Crystallography 
Course
April 6-11, 2003

Once again last spring, budding crys-
tallographers from around the world 
gathered at BNL. They were attending 
RapiData 2003, a week-long course run 
by BNL’s Biology and NSLS Depart-
ments. This course introduces students 
to the best people, newest equipment, 
and latest techniques in the field of mac-
romolecular x-ray crystallography.

Emphasizing “Rapid Data Collection 
and Structure Solving at the NSLS,” this 
“Practical Course in Macromolecular 
X-Ray Diffraction Measurement” ran 
from April 6 to 11. It consisted of two 
days of lectures and tutorials taught by 
scientists from BNL, industry, academia, 
and other national labs, followed by data 
collection and analysis at the NSLS. 
The same instructors and others act as 
hands-on advisors for a marathon sixty-
hour data-collection session to close out 
the week. Half of this year’s 48 students 
came as observers, while the other half 
arrived with specimens to analyze. Seven 
of the students left with solved struc-
tures, which will likely result in publica-
tions.

The course, which helps to train the 
next generation of NSLS users, is mostly 
organized by Bob Sweet and Denise 
Kranz of Biology, but they emphasize 
that its success absolutely depends on en-
thusiastic help from most of the twenty 
members of the PXRR (the Biology and 
NSLS Macromolecular Crystallography 
Research Resource), plus a dozen or so 
outside teachers. 

Major funding for the course was 
from the National Institutes of Health 
through the National Center for Re-
search Resources, and DOE’s Office of 
Biological & Environmental Research, 
with support from the NSLS, and some 
interested equipment vendors and drug 
companies.
                      — Karen McNulty Walsh

A group of RapiData students seen 
with instructors Annie Héroux 
(standing, left), a BNL Biology 
Department structural biology 
scientist who works at NSLS 
beamline X26C, and Frank von 
Delft (foreground), Scripps Research 
Institute.

Representatives of DOE 
Light Sources Meet with 
Elected Officials in 
Washington, D.C.
April 7-8, 2003

For the third consecutive year, a delega-
tion of scientists representing the four 
U.S. Department of Energy (DOE) 
synchrotron light sources organized a 
successful lobbying trip to Washington, 
D.C. on April 7 and 8, 2003. 

The visit was organized 
and coordinated by Leemor 
Joshua-Tor, the chair of 
the NSLS Users’ Executive 
Committee (UEC). The 
delegation was comprised 
primarily of the chair and 
vice-chair of the UECs of 
the Advanced Light Source 
at Lawrence Berkeley 
National Laboratory (CA),  
the Advanced Photon 
Source at Argonne National 
Laboratory (IL), the NSLS, 
and the Stanford Synchrotron Radiation 
Laboratory at Stanford University (CA). 
Accompanying the delegation was Pat 
Fulton, Science Lobbyist for Stanford 
University. The NSLS scientists in the 
delegation were Tony Lanzirotti, UEC 
vice-chair, and Simon Bare, UEC lobby-
ing coordinator. 

“The goal of these visits is to increase 
the visibility of the synchrotrons and 
the Department of Energy’s Office of 
Science who funds them,” Joshua-Tor 
says. “The Office of Science budget has 
remained essentially flat in recent years, 
forcing light source funding to remain 
flat as well, although the number of 
light source users nearly doubled.”
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“This office is by far the largest fund-
ing agency for the physical sciences in 
the U.S.,” Bare says, “ but its funding 
is buried within bills approved by the 
Senate Energy and Water Appropria-
tions Subcommittee of the Senate Ap-
propriations Committee and the House 
on Energy and Water Development 
Subcommittee of the House Appropria-
tions Committee.” 

DOE’s budget for fiscal year 2003 is 
$21.9 billion, of which only 15% ($3.3 
billion) funds the Office of Science, 
and only one-third of this amount goes 
to Basic Energy Sciences, which is the 
primary funding agency for light source 
operations. “This amount does not 
reflect the real needs of the scientists 
working at the light sources,” Bare says, 
“because the number of users keeps 
growing, but not the funding, so an 
infusion of operating funds is urgently 
required.” 

On the first day of the visit, the delega-
tion met with Patricia Dehmer, Associ-
ate Director of Science for the Office 
of Basic Energy Sciences, which is one 
of six offices managed by the Office of 
Science; Joel Parriott, Budget Examiner 
from the Federal Office of Management 
and Budget; John Marburger, Director 
of the White House Office of Science 
and Technology Policy (OSTP) and 
science advisor to President George W. 
Bush; Kathie Olsen, Associate Direc-
tor for Science at the OSTP; Michael 
Holland, Senior Policy Analyst at the 
OSTP; and Clay Sell and Drew Wil-
lison, both Staff members from the Sen-
ate Energy & Water Subcommittee of 
the Senate Appropriations Committee.

Marburger, who welcomed the delega-
tion in his office in the morning of the 
first day, expressed his strong support 
for the four light sources, stating that 
he was holding them in high regard and 
considered them as the most productive 
user facilities by the scientific research 
community worldwide. 

On the second day of the visit, the 
delegation met with senior staffers from 
the Senate Committee on Energy and 
Natural Resources, the Energy Subcom-

mittee of House Science Committee, 
and the Energy and Water Develop-
ment Subcommittee of the House 
Appropriations Committee.

The highlight of the visit was a meet-
ing between NSLS user Martin Caffrey, 
professor of chemistry at Ohio State 
University in Columbus, and Represen-
tative David Hobson (R-OH), the new 
Chair of the House Energy and Water 
Development Subcommittee of the Ap-
propriations Committee. Caffrey was 
accompanied by Simon Bare. The dis-
cussion focused on the wide variety of 
scientists working at the light sources, 
most of whom are not employees of the 
national laboratories housing the light 
sources, but come from universities, 
other federal agencies, and industry.

At the end of the second day, Bare and 
Lanzirotti visited with Sean Sweeney, a 
staffer in the office of Senator Hill-
ary Rodham Clinton (D-NY) and 
expressed their interest in increasing 
funding for the DOE’s Office of Sci-
ence. The two scientists also reported to 
Sweeney that a proposal has been made 
to the Basic Energy Sciences Advisory 
Committee (BESAC) to build a new 
synchrotron at Brookhaven Lab, NSLS-
II, which will provide a brighter beam 
for greatly improved scientific data and 
many new scientific discoveries.

The members of the delegation were 
generally satisfied with their visit. 
“We came away from our visit feeling 
positive and with many good sugges-
tions on how to expand our efforts,” 
Lanzirotti says. “We also noticed signs 
of support for increased funding for the 
Office of Science. For example, the bill 
introduced onto the floor of the House 
(H.R. 6) on April 10 provides for bud-
get increases of approximately 15, 10, 
15, and 15 percent over the next four 
years.”
— Leemor Joshua-Tor and Simon Bare
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NSLS’s Youngest Scientists 
Learn from Light on “Take 
Our Daughters and Sons to 
Work” Day
April 24, 2003

On April 24, about 30 daughters and 
sons learned about some of the scien-
tific programs at the NSLS, and even 
performed their own scientific experi-
ments. The one-day visit was part of the 
national “Take our Daughters and Sons 
to Work Day.”

At the NSLS, the children learned that 
the facility produces many types of 
light, from microwaves to x-rays, which 
have many applications in many fields, 
including electronics, catalysis, micro-
scopes, and medicine. NSLS scientists 
Marc Allaire, Steve Hulbert, Lisa Miller, 
and Vivian Stojanoff offered a tour of 
the experimental floor to the boys and 
girls, who discovered how synchrotron 
light is used to design non-stick coatings 
for aluminum pans, study bone diseases 
like osteoporosis, and develop new drugs 
using protein crystallography. 

After the tour, the daughters and sons 
had the chance to perform their own 
scientific experiments. Marc Allaire 
demonstrated simple reflection of light 
from a mirror and contrasted that with 
the process of diffraction, which was 
illustrated by reflecting red laser light 
from a CD-ROM -- the world’s most 
popular diffraction grating. But perhaps 
the most exciting moment was when the 
boys and girls discovered that they could 
created their own rainbow patterns by 
diffracting visible white light from the 
CD-ROM.

The boys and girls then had the oppor-
tunity to learn from Lisa Miller about 
the wonders of liquid nitrogen. By 
immersing an inflated balloon in liquid 
nitrogen, they discovered that the air 
inside of the balloon contracts, and then 
re-expands when warmed up. Much 
to the amazement of the entire crowd, 
the balloon survived dozens of repeated 
freeze-thaw cycles without bursting.  But 
perhaps one of the most memorable 
experiments involved freezing natural 

versus artificial daffodils in liquid nitro-
gen. Both the children and their parents 
learned that it is much more fun to 
freeze and crumble a living flower than 
to take it home as a souvenir.                                         
       — Lisa Miller

NSLS 2003 Annual Users’ 
Meeting Highlights Scientific 
Successes, Exciting Future 
Plans
May 19-21, 2003

A spirit of optimism pervaded the 2003 
annual meeting of National Synchro-
tron Light Source (NSLS) users, held at 
BNL May 19-21, 2003, 
with presentations on 
scientific successes and 
plans for new facilities.

“A lot of good things 
have happened at BNL 
in the last year,” said 
Doon Gibbs, BNL’s In-
terim Associate Labora-
tory Director for Basic 
Energy Sciences, as he 
welcomed NSLS users from around the 
country and the world to the Tuesday 
morning main meeting, chaired by Tony 
Lanzirotti of the University of Chicago, 
Chair-Elect of the Users’ Executive 
Committee (UEC). Gibbs pointed out 
that BNL had made “great strides” to-
ward establishing a new 
Center for Functional 
Nanomaterials (CFN) 
and toward significantly 
upgrading the NSLS. 
He also noted that 
several highly quali-
fied people had been 
brought into BNL lead-
ership positions, includ-
ing Praveen Chaudhari, 
the new Laboratory Director.

In introducing Peter Paul, Deputy Di-
rector for Science & Technology, Gibbs 
also took the opportunity to thank Paul 
for his steadfast leadership as Interim 
Director during the past two years. 

Paul, whose task was to give an overview 

Among speakers and attendees at the 
Annual National Synchrotron Light 
Source Users’ Meeting are: (from 
left) Tony Lanzirotti, University 
of Chicago; Steven Dierker, BNL; 
Patricia Dehmer, DOE; Doon Gibbs, 
BNL; Pedro Montano, DOE; Peter 
Paul, BNL; Leemor Joshua-Tor, Cold 
Spring Harbor Laboratory; and Chi-
Chang Kao, BNL.

Simple reflection demonstrated with a 
flashlight, mirror, and a white board.

About 30 sons and daughters visited 
the NSLS for "Take our sons & 
daughters to work" day.
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Robert Hwang (left), who is Director 
of the Lab’s new Center for Functional 
Nanomaterials. Keynote speaker at the 
meeting was Phaedon Avouris (right) 
of IBM’s T.J. Watson Research Center.

of BNL, echoed a statement made by 
Chaudhari at the previous week’s RHIC 
& AGS Users’ Meeting, that DOE 
program managers take a great risk 
when they build new facilities with the 
hope that users will come and do good 
science. 

“Fortunately it has always seemed 
to work out, but we can’t take it for 
granted,” Paul said, emphasizing how 
important it is to have an active user 
community, such as that at the NSLS, 
to keep a facility strong. With such 
involved users and the new leadership at 
the Lab — including Chaudhari, Gibbs, 
James Misewich as Materials Science 
Department Chair, Robert Hwang 
as CFN Director, and Alex Harris as 
Chemistry Department Chair — “We 
are all set to move forward,” Paul said.

After describing improvements in sup-
port services, housing, and other facili-
ties for users, Paul spoke of the CFN, 
recent findings at the Relativistic Heavy 
Ion Collider, and the proposed NSLS-II, 
a third-generation light-source ring that 
would be the future center of synchro-
tron activity at BNL and in the North-
east. “The Laboratory will commit all 
the resources we can muster to make 
this a reality,” he said.

Bob Hwang then presented details of 
the CFN, recognizing that “the current 
excitement in nanoscience is based on 
work that has been going on for decades 
at synchrotrons like the NSLS, and you, 
the users, are a big part of that.” He 
asked NSLS users for help in shaping 
the new center, noting that the CFN, 
like DOE’s four other nanoscience 
research centers, was co-located within 
an existing DOE research facility, in 
this case the NSLS, to build on existing 
strengths.

Like the NSLS, the CFN will be a 
user facility, with a similar process for 
reviewing proposals. With a range of 
complementary facilities focused on six 
scientific areas, the CFN will address 
the goal of tailoring materials’ responses 
to achieve specific functionality based 
on an understanding of nanoscale 
phenomena. 

Offering one example of what nanosci-
ence might yield, Phaedon Avouris of 
IBM’s T.J. Watson Research Center 
then gave the meeting’s keynote address 
on “Carbon Nanotube Electronics.” 

With a break from science to focus on 
funding, UOP’s Simon Bare, lobbying 
coordinator for the UEC, then urged all 
NSLS users to learn about the federal 
funding process and to get involved.

Users could help to “educate” their own 
legislators and the congressional com-
mittee members vital to science funding 
— via letters, phone calls, office visits, 
and even op-ed articles in newspapers 
— about the importance of research 
sponsored by DOE’s Office of Science. 
Several bills that propose increased 
funding for the Office of Science are 
pending, he said, so to take action now 
is vital. For more information, 
see: http://www.nslsuec.org.

The meeting’s next session was chaired 
by Ron Pindak, Head of Science Pro-
gram Support for the NSLS. Patricia 
Dehmer, Associate Director of the Basic 
Energy Sciences (BES) 
within DOE’s Office 
of Science, started the 
session. “After hearing 
this morning’s talks,” she 
said, “it strikes me that 
this is the beginning of a 
transition period for the 
Lab, and I’m very opti-
mistic about the future 
of this institution.” 

Long-range planning within BES has 
resulted in a recommendation for a 
general upgrade to provide a full return 
on capital investments at existing light 
sources, Dehmer explained. Another 
recommendation was for the NSLS-II 
upgrade. “This rated very high,” she 
said, encouraging the spontaneous ap-
plause that erupted, adding, “You can 
thank Steve [Dierker, NSLS Chair] for 
doing such a good job at the presenta-
tion.” 

Referring to the five DOE Nanoscale 
Science Research Centers, she said, “We 
are extremely happy that one of those is 
at Brookhaven. These [nanocenters] are 

Members of the 2003 planning 
committee for the NSLS Users’ 
Meeting include: Ron Pindak, BNL; 
Annie Heroux, BNL; Dan Fischer, 
National Institute of Standards & 
Technology; Lisa Miller, BNL; Liz 
Flynn, BNL; Lydia Rogers, BNL; 
Mary Anne Corwin, BNL; Sue 
Wirick, Stony Brook University; 
and Tony Lanzirotti, University of 
Chicago.
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Poster prizewinners at the 2003 
NSLS Users’ Meeting are: (from 
left) Ally S.-Y. Chan, Rutgers 
University; David Linkous, George 
Mason University; Hidenori Tashiro, 
University of Florida; Henrik Loos, 
BNL; Daisuke Kawakami, Stony 
Brook University (SBU); and V.G. 
Alexandratos, SBU.

Enjoying the “Western” flavor 
banquet held at the 2003 NSLS Users’ 
meeting are the NSLS User Office 
staff, past and present: (standing, 
from left) Gretchen Cisco, Eileen 
Pinkston, Susan Hatzel, Liz Flynn; 
(seated, from left) Lydia Rogers, 
Nancye Wright, Brian Bindert, 
Mary Anne Corwin, and Melissa 
Abramowitz.

Frontiers in Powder 
Diffraction Workshop
May 19, 2003

The theme of the workshop, “Frontiers 
in Powder Diffraction,” held on May 
19th at the 2003 NSLS 
Users’ Meeting, was the 
growing practice and util-
ity of powder diffraction 
and related techniques in a 
variety of contexts. Speak-
ers covered work done 
with x-rays and neutrons, 
performed at the NSLS, 
Advanced Photon Source, 
European Synchrotron 
Radiation Facility, ISIS (spallation 
neutron source at Rutherford Appleton 
Lab, UK), the Intense Pulsed Neutron 
Source (Argonne National Lab), and 
the Institut Laue-Langevan, as well as 
laboratory x-ray instruments.

The first speaker was Cam Hubbard of 
Oak Ridge National Lab, who spoke on 
in situ powder diffraction measurements 
at high temperatures. He discussed a 
variety of experimental systems, studied 
both in the High Temperature Materi-
als Lab at ORNL and at the NSLS in 

going to be a very, very important com-
ponent of the BES family of facilities.”

Dehmer then gave her “Totally Unsanc-
tioned Safety Seminar,” drawing partly 
from her own lab experience. The bot-
tom line: “It is possible – and required 
– to run your laboratory safely, and Pat 
will become a pest [with investigations 
and possible cuts in funding] if you 
mess up.” 

Following Dehmer, Steve Dierker gave 
an overview of recent NSLS successes, 
including Roderick MacKinnon’s “spec-
tacular piece of work” on voltage-depen-
dent potassium ion channels, featured on 
the cover of the May 1 issue of Nature; 
studies of materials that expand under 
pressure; and a paper on cell membrane 
fusion that explains “one of the most ba-
sis processes” of cell division. “This has 
been an action-packed year, with a lot of 
exciting developments,” he said.

Dierker gave credit to the NSLS’s 
support staff, saying, “None of these 
advances would have been possible if we 
could not deliver the photons to the end 
of the beamline. It takes a dedicated and 
talented staff and a determined effort to 
keep both rings running reliably.”

Dierker then reviewed the many beam-
line and instrumentation improvements 
of the past year, and talked about the 
proposed NSLS-II.

This $400 million upgrade, featuring a 
new x-ray storage ring three times larger 
than the current NSLS, would be con-
structed on Brookhaven Avenue, across 
from the existing structure, featuring 21 
superconducting undulator beamlines 
and providing the highest brightness 
of any existing light source, with much 
shorter pulses.

“Our goal is to build the ultimate me-
dium-energy storage ring,” Dierker said. 
“We would see a huge impact from these 
enhanced capabilities, especially in the 
areas of nanoscience and protein crystal-
lography, as larger cells and smaller 
crystals could be analyzed.”

The meeting continued with scien-
tific talks on nanoscience, thin films, 
x-ray crystallography, and new x-ray 

sources. During the afternoon session 
chaired by Lisa Miller, Coordinator of 
the NSLS’s Information & Outreach 
Office, the UEC Community Service 
Award was presented to 
Michael Sullivan, Chief 
Beamline Engineer for 
Albert Einstein College of 
Medicine, for service, in-
novation and dedication to 
NSLS users. The winners 
of the Student/Post Doc 
Poster Contest were also 
announced.

Users were then invited to 
hear more about the BNL nanocenter 
and encouraged to meet with CFN 
scientific and facility leaders before 
adjourning for the meeting’s Western-
theme banquet in Berkner Hall.
             —Karen McNulty Walsh
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which the ability to follow phase trans-
formations at high temperatures, under 
synthetic conditions, was key to solving 
practical problems in ceramics and other 
high performance materials. Richard 
Harlow (of Harlow, Inc.) followed with 
discussions of work performed at the 
APS on Fe metal catalysts that are used 
by DuPont in commercial scale manu-
facturing. These catalysts are activated at 
high temperature and pressure at the be-
ginning of the process batch, and there 
was inadequate understanding of the 
chemical basis for the observed lot-to-lot 
variation of their performance.  High 
energy x-rays were necessary to penetrate 
the stainless steel tube used to house the 
catalyst under process conditions, and 
high angular resolution was required 
to distinguish the processes of interest 
in the catalyst. Insights gained from 
the study of the state of the activated 
catalyst have given information useful 
to optimize the process in the chemical 
plant.

The next two talks addressed an exten-
sion of the domain of powder dif-
fraction that is becoming increasingly 
important, pair distribution analysis.  
Briefly, this technique transforms the 
entire diffraction pattern into a radial 
distribution function. Instead of analyz-
ing only the Bragg peaks to learn the 
periodically repeating component of 
the crystal structure, pair distribution 
analysis reveals the distribution of local 
environments throughout the sample.  
Accordingly, it is particularly valuable in 
materials that are only partially crystal-
line, such as nanoscale phases. Valeri 
Petkov of Central Michigan Univer-
sity provided an introduction to the 
technique, and discussed recent results 
from studies of nanophase LiMoS

2
, 

Ag
0.4

MoS
2
, (NH

4
)

0.5
V

2
O

5
, magnetic 

GdAl
2
, and Cs intercalated into zeolite.  

Jonathan Hanson (Brookhaven National 
Laboratory, Chemistry Department) 
continued with the theme of radial dis-
tribution structural refinements, com-
bined with “conventional” Bragg peak 
analysis of diffraction patterns in studies 
of the reduction of (nominal) CuO and 
CeO

2
, with measurements performed 

in situ at high temperature. This work 

shows the complementary information 
available from the two techniques, and 
the importance of both in unraveling 
complicated behavior in mixed phase 
materials with partial occupancy of 
several crystallographic sites.

After lunch, Bill David (Rutherford 
Appleton Laboratory, UK) woke the 
audience up with some startling new 
comments on a concept taken for 
granted by most practitioners: least 
squares analysis. While that would be 
the correct approach if the data errors 
obeyed a normal probability distribu-
tion governed by counting statistics and 
the hypothesized model was a correct 
description of the sample diffraction 
properties, these conditions are often 
not met. Starting with a formal descrip-
tion of least-squares analysis, David 
reviewed principles of 
experimental design to 
meet those criteria.  He 
then presented some new 
results on techniques 
to deal with problems 
frequently observed: 
unknown impurities in a 
powder diffraction pat-
tern handled with a new 
minimization criterion, 
and a maximum likelihood approach to 
analyze incomplete structures in which 
some atoms have not been located.

The two following talks covered various 
perovskite-related materials in which 
the interplay of structural distortions, 
charge ordering, and magnetism require 
complementary application of neutron 
and x-ray powder diffraction. El’ad 
Caspi of Argonne National Labora-
tory discussed the phase diagram of 
the colossal magnetoresistance system 
(Ca2+

1-x
Ce4+

x
)MnO

3
. This is a two-elec-

tron doped system (in contrast to more 
familiar one-electron doped systems 
such as (Ca2+,Bi3+)MnO

3
), and the 

faster change of electronic charge with 
ion substitution leads to a much more 
complicated interplay among charge 
ordering, orbital ordering, and spin 
ordering, which in turn causes phase 
separation over a much larger range 
than one-electron systems. Patrick 

Frontiers in Powder Diffraction 
Workshop attendees.
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Processes in Environmental 
Sciences Workshop
May 19, 2003

Reliable long-term prediction of heavy 
element mobility in natural multi-com-
ponent systems or construction of intel-
ligent reactive barrier systems for waste 
confinement requires a fundamental 
process understanding. 
Application of a com-
bination of macro- and 
microscopic techniques 
including EXAFS, 
XANES, FTIR, XRD, 
XRF and soft x-ray 
microscopy can provide 
atomic scale chemical 
information as well as information of 
nano- to microscopic spatial distribu-
tion in complex matrixes. New single 
crystal approaches on well defined crys-
tallographic planes furthermore gives 

Spectroscopy in High Magnetic 
Fields: ESR, Infrared and Other 
Applications Workshop attendees.

Processes in Environmental Sciences 
Workshop attendees.

Woodward of Ohio State University 
opened his talk with several demonstra-
tions that neutrons are often superior to 
x-rays in ab initio structure solutions of 
oxides and fluorides, even though the 
latter are much more widely used. He 
then discussed several neutron and x-ray 
experiments: Fe charge disproportion-
ation in CaFeO

3
, Mn orbital ordering in 

NdSrMn
2
O

6
, and the Verway transition 

on oxygen deficient double perovskites, 
RBaFe

2
O

5+w
 (R = Rb, Y, Ho, and Nd).

In the last session, Tom Vogt (BNL, 
Physics Department) discussed work on 
the high pressure chemistry of zeolites.  
The theme of his talk was the surprising 
discovery of materials that expand under 
pressure, due to increased incorporation 
of water into the zeolite cavities.  So-
dium aluminosilicate natrolite undergoes 
a reversibly pressure-induced lattice 
expansion, whereas a synthetic analog, 
potassium gallosilicate natrolite, expands 
irreversibly, retaining the expanded high 
pressure phase upon returning to ambi-
ent pressure. Vogt presented structure 
determinations showing the role of non-
framework metal ions in distinguishing 
the two cases. Finally, Peter Stephens 
presented a talk largely prepared by 
Robert Von Dreele (Los Alamos and 
Argonne National Lab) on their work 
applying high resolution x-ray powder 
diffraction to proteins.

In all, the broad range of powder dif-
fraction, pair distribution function, and 
single crystal analysis, and the large and 
growing user community at synchrotron 
and neutron facilities points towards 
increasing growth at the frontiers of 
powder diffraction. This in turn indi-
cates continuing demand for improved 
instruments as well as improved access 
to the current generation of operating 
instruments.                
         —Peter Stephens

Workshop on Spectroscopy 
in High Magnetic Fields: 
ESR, Infrared, and Other 
Applications
May 19, 2003

The availability of high field magnets, 
combined with the development of high 
resolution/low energy spectroscopic 
techniques, provides new opportunities 
for probing materials with synchrotron 
light. In this workshop, 
a few selected appli-
cations of x-ray and 
infrared radiation for 
the study of super-
conductors, magnetic 
perovskites, semicon-
ductor quantum wells 
and other systems 
were reviewed. x-ray 
scattering and spectroscopy, electron 
spin resonance, optically detected Hall 
effect, and far IR spectroscopy in high 
magnetic fields were also discussed. The 
speakers included current users as well 
as other leading experts from the U.S. 
and Europe.         
           —Laszlo Mihaly 
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insight in redox-kinetics and sorption 
relevant mineral surfaces. The scope of 
this workshop will be to give a discus-
sion platform as well as an overview 
of recent applications of synchrotron 
based techniques to elucidate important 
pathways in natural and anthropogenic 
influenced environmental systems.
     —Thorsten Schaefer

Bio-Matters: from IR to 
X-rays Workshop
May 21, 2003

For the past two decades the NSLS has 
been increasingly contributing to struc-
tural biology. With the advent of a new 
facility the aim of this workshop was to 
discuss the contributions of different 
synchrotron radiation-based methods 
to the understanding of molecular 
structure and biomolecule function. 
The second goal was to focus on the 
complementary aspects between these 
techniques and different methods such 
as cryo-electron microscopy and neu-
tron scattering methods. The workshop 
consisted of oral presentations, a poster 
session, and a panel discussion session 
on the future requirements and expecta-
tions of the NSLS user community. The 
talks presented are summarized below:

Wayne Hendrickson, Columbia Univer-
sity, “Synchrotron Crystallography in Bio-
logical Discovery,” introduced the subject 
of the workshop. In his talk he described 
the impact of synchrotron radiation on 
the field of biological crystallography, a 
number of technical advances, and the 
problems of radiation damage with the 
advent of more intense sources. Several 
examples were discussed in relation 
to the speed of solution provided by 
crystallography at synchrotron radiation 
sources, and the impact to biochemistry 
and molecular biology.

Chris Jacobsen, Stony Brook University, 
“Soft X-ray Imaging and Spectromicros-
copy,” presented high resolution views of 
chemical contrast through the combina-
tion of soft x-ray microscopes and near-
edge spectroscopy methods. This ap-
proach was illustrated with biomedical 

Bio-Matters from IR to x-rays 
Workshop attendees.

examples including microspectroscopy 
studies of human sperm, and imaging 
of several cell types. 

Rob Scarrow, Haverford College,
“EXAFS Studies of Metalloproteins and 
the Usefulness of Model Coordination 
Complexes,” discussed the application 
of EXAFS (Extended X-ray Absorption 
Fine Structure) analysis to a variety of 
metalloproteins. The determination of 
the nature of ligand atoms, the number 
and lengths of bonds, metal-metal dis-
tances, and how small molecule crystal 
structure databases are useful in the in-
terpretation of the results was discussed 
using lipogenase and porphobilinogen 
synthase as examples. 

Joannna Krueger, University of North 
Carolina at Charlotte, ”Small-Angle 
Scattering: Solutions in Protein Struc-
tural Analysis,” discussed x-ray and 
neutron small angle scattering focus-
ing on the complementary aspects of 
these techniques and other structural 
and biochemical approaches such as 
that obtained 
from selected-
site mutagenesis, 
circular dichro-
ism, NMR, and 
electron micros-
copy.

Udupi A. Ra-
magopal, Albert 
Einstein College of Medicine, and 
Zbigniew Dauter, NIH, “SAD: Happy 
Phasing with Weak Anomalous Scatter-
ers,” described the single-wavelength 
anomalous diffraction (SAD) as an 
alternative to the multiple wavelength 
diffraction method (MAD) applied to 
sulfur-containing proteins and to radia-
tion sensitive samples.

Uwe Bergmann, Stanford, “Advances 
in High-Resolution Hard X-ray Spectros-
copy: From Vibrational Studies to Identify 
ligands to the Local Structure of Water,” 
explained that hard x-ray spectroscopy 
became possible in recent years due to 
intense sources and improvements in 
x-ray instrumentation. The applica-
tion of x-ray fluorescence spectroscopy 
(XFS) of weak lines, resonant inelastic 
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x-ray scattering (RIXS), (non resonant) 
x-ray Raman scattering (XRS) and 
nuclear resonant vibrational spectros-
copy (NRVS) to studies of the oxygen 
K-edge of water, metalloproteins and Fe 
containing systems was shown.

Mark Chance, Albert Einstein College 
of Medicine, “Structure and Dynamics 
of Macromolecular Machines,” described 
synchrotron footprinting to study the 
dynamics and interactions of proteins 
and nucleic acid structures with millisec-
ond time resolution and high structural 
resolution using nanomoles to picomoles 
of material. He gave examples for the 
L-21 ribozyme from Tetrahymena, cofilin 
and time-resolved activation of the actin 
binding protein gelsolin. 

Lisa Miller, NSLS, “Chemical Imaging 
of Biological Tissues using a Combination 
of Infrared, UV-Visible Fluorescence, and 
X-ray Micro-Spectroscopy,” discussed the 
application of synchrotron infrared (IR) 
micro-spectroscopy and fluorescence  
techniques for examining the inherent 
chemical makeup of biological cells and 
tissues at spatial resolutions not achieved  
by conventional IR microscopes. Com-
parisons with other techniques such as 
immunofluorescence and x-ray micro-
spectroscopy were presented in light of 
Alzheimer’s disease, scrapie, and bone 
disease.

Thomas C. Terwilliger, Los Alamos 
National Laboratory, “Structural Genom-
ics: Technology for Structural Biology," 
presented the future needs of structural 
genomics and the current status. He 
focused on the technological improve-
ments needed from protein production 
to structure determination. Several of 
these developments are underway, one 
of the most important being the auto-
mation of data collection and analysis 
at x-ray beamlines worldwide. Other 
technologies such as the engineering of 
proteins for optimal solubility, auto-
mated structure solution, and phase 
improvement by x-ray crystallography 
were also discussed.

Several posters on different subjects 
ranging from imaging to scattering and 
from the NASA radiological program 

to Cryo Electron Microscopy were dis-
cussed over coffee and a lunch break. 

Members of the panel (Wayne Hen-
drickson, Columbia; Thomas Terwil-
liger, Los Alamos; Joachim Frank, Wad-
sworth Center; and Naomi Chayen, 
Imperial College), and workshop par-
ticipants addressed several technological 
problems such as instruments, detectors, 
methods, and software developments to 
subjects such as multiple assemblies and 
unstable systems. The main recommen-
dations were related to the development 
of detectors, brighter sources, instru-
mentation to handle smaller crystals, 
software for automated structure deter-
mination, modeling, and docking. 

Prior to the Bio-matters workshop, a 
workshop was held on the basic and 
advanced methods in protein crystal-
lization. The aim of this one 
day workshop was to allow 
participants to have a hands-
on experience with the differ-
ent crystal growth methods 
available to protein crystallog-
raphers. Naomi Chayen (Im-
perial College) explained the 
microbatch method and the 
oil method; Miroslawa Dauter 
(NIH) discussed the hanging 
drop method, co-crystal-
lization of heavy atoms, and 
seeding; Zbigniew Dauter (NCI-NIH) 
presented strategies in choosing an 
optimal derivative and data collection; 
and Grahemen Williams (Brookhaven 
Instruments) discussed the application 
of the light scattering technique to pro-
tein crystallization. Two parallel sessions 
were organized in the morning and in 
the afternoon where the 22 participants 
could experience the different crystalli-
zation methods. We thank our sponsors 
Nextal Biotechnologies, Brinkmann In-
struments, Millipore, Fisher Scientific, 
Brookhaven Instruments Corporation, 
and New York New Jersey Scientific, 
Inc., for their kind support, without 
which the Crystallization Workshop, a 
satellite meeting to the NSLS Annual 
Users’ Meeting, would not have been 
possible.
       —Vivan Stojanoff

The majority of life science users 
at the NSLS perform protein 
crystallography experiments like the 
one shown here.
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Workshop on High Pressure 
Mineral Physics Using 
Synchrotron Radiation
May 21, 2003

Most techniques for probing materials 
using synchrotron radiation can be ap-
plied to materials at high pressures and 
temperatures using either the Diamond 
Anvil Cell (DAC) or the Large Volume 
Press (LVP, also known as the Multianvil 
Press). These techniques include diffrac-
tion (both energy-dispersive using white 
radiation and angle-dispersive using 
white radiation); radiographic imaging; 
ultrasonic interferometry; stress and 
strain measurements; infrared spectros-
copy; Raman spectroscopy; and inelastic 
scattering. Presentations will be made 
discussing most of these techniques 
and scientific applications of these 
technique.
      —Michael Vaughan

Attendees at the workshop on High 
Pressure Mineral Physics Using 
Synchrotron Radiation.

Workshop on EXAFS 
Under Extreme Experimental 
Conditions:  EXAFS in the 
Realms of Small Spot Size, 
Low Energy, Low Sample 
Concentration, or Fast Time 
Resolution 
May 21, 2003

EXAFS is well established as a measure-
ment technique used in a broad range 
of scientific disciplines. Within certain 
experimental constraints, high quality 
data is routinely obtained by users of 
synchrotrons around the world. In re-
cent years, the scope of EXAFS has been 
expanded by advances in measurement 
techniques. At this year’s NSLS Users’ 
Meeting, these exciting developments 
were explored in a workshop titled, 
“EXAFS Under Extreme Experimental 
Conditions: EXAFS in the realms of 
small spot size, low energy, low sample 
concentration, and fast time resolu-
tion,” organized by Bruce Ravel of the 
Naval Research Laboratory in Washing-
ton, DC. Just as EXAFS is commonly 
used by researchers from many different 

scientific disciplines, so too did our 
speakers present results from many dif-
ferent disciplines, including chemistry, 
environmental science, and materials 
physics.

Barukh Yaakobi of the University of 
Rochester began the workshop by dis-
cussing the use 
of laser-generated 
shocks with im-
ploding targets 
as the radiation 
source for his 
EXAFS experi-
ments. Dr. Yaa-
kobi discussed 
measurements 
of an ultra-fast 
structural phase transition in titanium 
metal induced by the laser-generated 
shock and measured in dispersive 
mode.  He was followed by Vadim 
Palshin from Louisiana State Univer-
sity and CAMD, who discussed the 
experimental challenges of low-energy 
EXAFS measurements. He presented 
detailed structural refinements on the 
silicon K-edge silicon-containing, thin, 
amorphous carbon films.

Lin Chen of Argonne National Labo-
ratory spoke of using the time struc-
ture of a stored current to measure 
photo-excited molecular structures. In 
these experiments, very 
short-lived molecular 
states are measured in a 
pump-probe geometry 
wherein the molecular 
population is laser-ex-
cited and the excited 
state is measured by an 
x-ray pulse incident dur-
ing its lifetime.  Shelly 
Kelly also of Argonne 
National Labora-
tory spoke of uranium 
L3

-edge EXAFS at environmentally 
relevant concentrations. Environmen-
tally relevant concentrations strain the 
limits of detectability even with third 
generation light sources and Dr. Kelly 
discussed the experimental concerns of 
low sample concentrations and ad-
dressed the limits of sample dilution 

Attendees at the workshop on 
EXAFS Under Extreme Experimental 
Conditions: EXAFS in the Realms 
of Small Spot Size, Low Energy, Low 
Sample Concentration, or Fast Time 
Resolution.
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NSLS Scientist Ron Pindak 
Awarded Tenure
June 1, 2003

Brookhaven Science Associates (BSA) granted 
tenure on June 1 to nine Brookhaven scien-
tists. They are: Mark Baker, Chemistry De-
partment; Leslie Bland, Physics Department; 
Christopher Homes, Physics; Jean Logan, 
Chemistry; Ron Pindak, National Synchrotron 
Light Source Department; David Schlyer, 
Chemistry; Subramanyam Swaminathan, Biol-
ogy Department; Dejan Trbojevic, Collider-Ac-
celerator Department; and Gene-Jack Wang, 
Medical Department.

As described in the Scientific Staff Manual, “a 
tenure appointment constitutes recognition of 
independent accomplishment of a high order 
in the performance of original research or of 
other intellectually creative activity appropri-
ate to Laboratory purposes.”

Recognition may be earned through signifi-
cant contributions to knowledge related to 
the purposes of the Laboratory and/or in 
furtherance of the Laboratory’s aims, through 
continuing contributions of outstanding sig-

for full analysis of the EXAFS signal. 
The final talk was by Ronald Cavell of 
the University of Alberta.  He spoke on 
the use of microprobe EXAFS sources to 
map the composition of heterogeneous 
materials. He presented results of map-
ping and structural determination of the 
components of a meteor sample.

There is a rule of thumb that the mea-
surements of elemental identification, 
XANES measurement, and EXAFS 
measurements require increasing orders 
of magnitude of photon flux or sample 
concentration. Consequently detailed 
EXAFS analysis in the limits of small 
spot size, low energy, low concentration, 
or fast time resolution requires special 
considerations for sample preparation 
and measurement.  In many cases these 
experimental limitations have only been 
addressed since the advent of techni-
cal advances such as third generation 
sources.  This workshop provided an 
excellent snapshot of the current state 
of the art technology for each of these 
extreme realms of EXAFS measurement 
and analysis.
               —Bruce Ravel

UEC Community Service 
Award Presented to 
Michael Sullivan
May 20, 2003

Congratulations go out to Michael 
Sullivan, Chief Beamline Engineer for 
Albert Einstein College of Medicine. 
Mike is the second annual recipient of 
the NSLS Users’ Executive Committee 
(UEC) Community Service Award. This 
award is given for service, innovation, 
and dedication to users of the NSLS.

Members of the NSLS user community 
nominated Mike for this award. Here are 
some of the comments that users sent 
about his wonderful contributions:

• “Mike is admired as a tireless, cre-
ative force dedicated to the principle of 
delivering user service.”

• “In my opinion Mike is one of the 
most knowledgeable and extremely help-
ful engineers at NSLS floor, with very 

long experience [19 years] with dealing 
with all technical aspects of many differ-
ent kinds of x-ray synchrotron research 
conducted at NSLS. He is a person who 
made it possible for very many staff and 
visitors to obtain top quality research 
results.”

• “On several occasions, he has come 
in on weekends to help us salvage an 
experiment gone awry, or to bail us out 
of a technical problem. On one occa-
sion, we reached him via his cell phone 
on his boat at sea, and he was able to 
come in and fix the problem to keep us 
running.”

• “Mike is undoubtedly a gold 
standard of service, innovation, and 
dedication to users. Moreover, during 
this winter’s biggest blizzard, I remem-
ber walking by the NSLS parking lot 
when Mike turned his car into a towing 
truck in order to help his users to pull 
out their car out of a huge pile of snow.”

Leemor Joshua-Tor, the Chair of the 
NSLS UEC, presented the award to 
Mike at the NSLS Users’ Meeting ban-
quet on the evening of May 20th. Mike 
received a $250 gift certificate and his 
name was engraved on the plaque on 
display in the lobby of the NSLS.
                            —Leemor Joshua-Tor

Michael Sullivan, NSLS Users’ 
Executive Committee (UEC) 
Community Service Award winner.
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nificance to productive uses of the facilities, or 
outstanding and creative contributions to their 
design, development, and improvement.

For his outstanding contributions and 
sustained high-quality original research 
in the study of complex fluids, with 
particular emphasis on liquid crystals, 
Ron Pindak, NSLS Department, was 
awarded tenure.

“Ron consistently picks fundamentally 
important problems to work on and has 
an ability to design experiments to get at 
the heart of an issue,” said Steven Dier-
ker, NSLS Chair and Associate Labora-
tory Director for Light Sources. “He has 
amply demonstrated the versatility and 
expertise to practice whatever technique 
is necessary, sometimes by collaborating 
with others to learn the technique before 
applying it on his own, and in other 
cases by playing a lead role in develop-
ing a new technique.”

Pindak’s early work in forming free-
standing liquid crystal films led to his 
experimental verification of the hexatic 
phase, a new state of matter with order 
intermediate between that of a liquid 
and of a solid. Later, he and collabora-
tors discovered and characterized the 
“Twist Grain Boundary Phase,” the 
liquid crystal analogue of the Abrikosov 
flux lattice in superconductors with 
screw dislocations playing the role of 
flux vortices.

Pindak joined BNL in 2001 as a physi-
cist after a distinguished 24-year career 
at Bell Laboratories. During his career 
at Bell Labs, he had led a collaboration 
at the NSLS that pioneered the use of 
resonant x-ray scattering to elucidate 
molecular order in chiral ferri- and 
antiferro-electric liquid crystals. This 
required working in a low-energy x-ray 
region where air is very absorbing, so 
special instrumentation, a goniometer 
and x-ray polarization analyzer, which 
would operate in a helium atmosphere, 
had to be designed and constructed.

Said Dierker, “The unique insight 
provided by the measurements estab-
lished by Ron’s work has provided the 
motivation for developing this capability 
as a standard technique for the user 
program on one of the NSLS 

low-energy x-ray beamlines.”

Most recently, Pindak has been a key 
contributor to the development of the 
Coherent Bragg Rod Analysis tech-
nique, which measures the phase of 
x-rays scattered by two-dimensional 
structures, such as epitaxial films or 
interfaces, to allow an absolute deter-
mination of the atomic positions. He is 
now exploring whether this technique 
can be extended to study two-dimen-
sional protein crystals.

In addition, since joining the NSLS, 
Pindak has headed the Science Program 
Support Section of the User Science 
Division, and taken the lead in devel-
oping a soft condensed matter program. 
He also served as the Interim Associ-
ate Director for the BNL Nanocenter. 
Currently, together with Lin Yang, he is 
developing a small angle x-ray scatter-
ing beamline and starting soft matter 
and biophysics research relevant to 
understanding nanoscale device fabrica-
tion and operation.

Pindak received his Ph.D. in physics 
from the University of Pennsylvania in 
1975.
             — Liz Seubert

Dierker Named Associate 
Laboratory Director For 
BNL’s New Light Sources 
Directorate
June 5, 2003

Steven Dierker, a forefront scientist 
and administrator in synchrotron light 
research, was named Associate Labora-
tory Director for the new Light Sources 
Directorate at BNL. Dierker, who is 
Chair of the NSLS, will also retain that 
position.

The NSLS at BNL is one of the world’s 
most widely used scientific facilities. 
Each year, about 2,500 research-
ers from more than 400 universities, 
companies, and government labs use its 
bright beams of x-rays, ultraviolet light, 
and infrared light for research in such 
diverse fields as biology and physics, 

Steven Dierker

Ron Pindak
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chemistry and geophysics, medicine and 
materials science. For example, scientists 
have used the NSLS to produce imagesof 
the AIDS virus as it attacks a human 
cell, develop a method for breast cancer 
detection that is more accurate than 
mammography, and create a method to 
make faster, denser computer chips. The 
facility has 175 employees and a current 
annual budget of about $38 million.

“I am pleased about the continued 
growth of the NSLS Department,” Di-
erker said. “Since its commissioning in 
1982, the NSLS has continually updated 
and expanded its capabilities to remain 
at the forefront of science. Now we are 
proposing a major upgrade - essentially a 
new light source at Brookhaven.”

BNL created the new Light Sources 
Directorate and promoted Dierker 
to his present position because of the 
importance of upgrading NSLS facilities 
within the next decade.

The project represents the next major 
step in the Lab’s long history of build-
ing and operating world-class scien-
tific facilities and is expected to have 
enormous impact in the life sciences, 
materials and chemical sciences, nanosci-
ence, geoscience, environmental science, 
and other areas. Advanced light source 
capabilities would also complement the 
Center for Functional Nanomaterials 
at Brookhaven, which is due to be built 
starting in 2005 and to become fully 
operational by 2008.

After earning B.S. degrees in both phys-
ics and electrical engineering in 1977 
from Washington University, Dier-
ker earned both an M.S. and Ph.D. in 
physics from the University of Illinois, 
Urbana-Champaign, in 1978 and 1983, 
respectively. In 1983, he joined the 
Semiconductor and Chemical Physics 
Research Department at AT&T Bell 
Laboratories (now Lucent Technologies), 
and, in 1990, he joined the University 
of Michigan, where he was Professor of 
Physics and Applied Physics. He joined 
BNL in May 2001 to become Chair of 
the NSLS.

Since 1992, Dierker has been a mem-
ber of the NSLS Users Group, and he 

performed initial experiments at the 
NSLS to develop a novel synchrotron 
technique called x-ray photon correla-
tion spectroscopy, which uses coherent, 
or highly ordered, synchrotron beams 
to study colloidal systems, or particles 
dispersed in a solid, liquid, or gaseous 
medium, and polymers.

Since 1996, Dierker has been a member 
of the Advanced Photon Source (APS) 
Users Organization at Argonne National 
Laboratory, and he chaired that organi-
zation from 1998-2000. He also helped 
to plan the construction, design, and 
operation of beamlines at the APS, with 
funding from DOE and the National 
Science Foundation.
    — Diane Greenberg

Yeshiva University Under-
graduates Experience Hands-
On Research at BNL
June 17, 2003

In June 2003, 12 students and 
3 instructors from Yeshiva Uni-
versity (New York) spent a week 
at Brookhaven National Labo-
ratory as part of an undergradu-
ate course entitled “Experi-
ments in Modern Physics”. This 
course was developed by Yeshiva 
Physics Professor Anatoly Fren-
kel, in collaboration with his 
departmental colleagues Profes-
sors Gabriel Cwilich and Fredy 
Zypman.  Professor Frenkel 
is also a long-time NSLS beamline 
scientist at X16C. The course was five 
weeks long, including four weeks on 
the Manhattan campus where students 
had lectures and labs introducing them 
to the foundations of modern physics, 
and one week of “mini-experiments” 
at BNL. Students participating in the 
course had widespread backgrounds, 
majoring in Physics, Political Science, 
English and Psychology. 

The most attractive component of the 
new course was the Brookhaven visit. 
The purpose of this visit (and the entire 
course) was to help students under-

Yeshiva University undergraduates 
and faculty enjoy their summer mini-
experiments at the NSLS.
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‘Mail-In’ Crystallography at 
the NSLS Featured in Nature
June 19, 2003

BNL’s Howard Robinson, Biology 
Department, who runs the “mail-in” 
crystallography program at the NSLS, 
got star billing (and photo prominence, 
right) in a news feature on the subject 
in the June 19, 2003, issue of Nature. 
Since 2000, Robinson and others at the 
NSLS have offered a mail-in data-col-
lection service for scientists who want 
to solve protein structures without 
having to travel to a synchrotron 
themselves. According to 
the Nature article, such 
services are becoming 
increasingly popular for 
biologists without formal 
training in crystallogra-
phy and for those who 
would rather not wait 
for time on a beamline. 
Robinson’s team at the 
NSLS typically works on 
about 50 mail-in projects 
a year, free to academic 
scientists. Consistent with BNL’s mis-
sion of making its highly specialized 
research facilities available to outside 
researchers, this mail-in program 
broadens BNL’s service to science and is 
helping to speed up the process of bio-
logical research. The program is funded 
by the Office of Basic Energy Sciences 
and Office of Biological & Environ-
mental Research within DOE’s Office 
of Science and the National Institute of 
Health’s National Center for Research 
Resources.
         — Karen McNulty Walsh

Howard Robinson

stand modern physics through a series 
of mini-experiments, while exposing 
them to the atmosphere of a National 
Lab where modern physics is practiced 
every day. The five BNL experiments 
were organized in collaboration with 
BNL scientists who helped to plan and 
run the experiments for several shifts 
of students. In this way teams of 3-4 
students could rotate between all of the 
experiments during the week. 

Three experiments, the “Photoelectric 
Effect,” organized by Anatoly Fren-
kel, “Time-Resolved Chemistry,” Jon 
Hanson (BNL-Chemistry), and “Fin-
gerprinting of Fingerprints,” organized 
by Lisa Miller (BNL-NSLS) were run 
at the NSLS beamlines X16C, X7B and 
U10B, respectively. The experiments 
were designed to show students both the 
laws of physics (photoelectric effect and 
x-ray absorption; x-ray diffraction and 
Bragg’s law; absorption of infrared light 
by vibrating molecules) and elements of 
research.  Two additional experiments, 
“Nuclear Decay” and “Electron-Posi-
tron Annihilation,” were organized by 
Kathryn Kolsky and Leonard Mausner 
at BNL’s Isotope Facility. There the 
students visited the Brookhaven LINAC 
Isotope Producer (BLIP) and spent two 
days studying properties of gamma ra-
diation (absorption, element character-
ization, inverse square law and the law 
of radioactive decay) by operating the 
facility’s germanium gamma ray detec-
tors. They were particularly fascinated 
by utilizing the E = mc2 law to obtain 
the electron mass from the characteristic 
“electron-position annihilation” peak at 
511 MeV.

For most of the students it was the first 
experience of this kind. They endured 
working long shifts, participating in the 
ongoing laboratory research and enjoy-
ing the sense of “discovery” in learning. 
The entire group thanks the Brookhaven 
teams of scientists for their help and 
the NSLS for financial support. The 
course is now used as a prototype for a 
new course “Current Topics in Nanosci-
ence” that is under development by the 
Yeshiva faculty.
   — Anatoly Frenkel, Yeshiva University

NSLS EXAFS Data 
Collection and Analysis 
Short-Course Has Another 
Successful Year
July 14 - 17, 2003

A hands-on EXAFS Data Collection 
and Analysis Course was held July 
14-17, 2003 at the NSLS. The course 
was co-organized by Bruce Ravel (Naval 
Research Laboratory) Simon Bare 
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Participants in the 2003 NSLS 
EXAFS course.

(UOP LLC), with superb administrative 
support by Lisa Tranquada (SFA, Inc.). 
Twenty-eight eager participants (gradu-
ate students, postdocs, and institution 
and industrial scientists) represent-
ing universities, national laboratories, 
research institutes, and industry attended 
the course. Of these, there were ten new 
users to the NSLS. The participants had 
diverse research interests across a broad 
spectrum of scientific fields (materials 
science, geological and environmental 
sciences, catalysis, and biology) and 
attended to learn how XAFS may be ap-
plied to their research program.

The four-day course was divided into 
morning lectures, with two afternoons 
of hands-on data collection using seven 
different NSLS spectroscopy beamlines 
(X9B, X11A, X18B, X19A, X23A2, 
X23B, and X26A), and two afternoons 
of data analysis. The instructors on the 
beamlines were Faisal Alamgir, Wolfgang 
Caliebe, Scott Calvin, Syed Khalid, Tony 
Lanzirotti, Nebojsa Marinkovic, and 
Kaumudi Pandya.

The eight morning lectures were: 
“Introduction to XAFS,” given by Matt 
Newville (University of Chicago), “Ba-
sics of sample preparation” by Scott Cal-
vin, “XANES measurement and inter-
pretation” by Simon Bare (UOP LLC), 
“Detectors and synchrotron radiation” 
by Peter Siddons (BNL), “Basics of data 
processing” by Shelly Kelly (Argonne 
National Laboratory), “Introduction 
to theory” by John Rehr (University of 
Washington), “Introduction to analysis” 
by Anatoly Frenkel (Yeshiva University), 
and “Applying XAFS into a research 
program” by Rich Reeder (Stony Brook 
University). The time allotted for the 
lectures allowed ample time for stimulat-
ing discussion, which often developed.

For the first two days of the course, 
after attending the morning lectures, 
the participants were divided into small 
groups by research discipline to conduct 
the experimental part of the course. Each 
student became familiar with beamline 
operation and collected real XAFS data 
on representative samples from their 
own individual research projects. On 
the last two days, following the morning 

lectures, the participants learned data 
analysis techniques using their own data 
they had just collected. The participants 
also enjoyed ample time for infor-
mal discussion over coffee and in the 
evenings over the excellent dinners that 
were included in the course fee.

There was a tre-
mendous amount 
of information 
disseminated over 
the four days. All 
the participants 
left the course 
with new friends 
and armed with 
the basic tools 
to apply x-ray 
absorption spectroscopy to their own 
research programs.

We plan to offer the course again in 
2004 – check the NSLS website for 
updated information.

The course was sponsored by the NSLS, 
with support from the Center for Envi-
ronmental Molecular Science at Stony 
Brook University.
             — Simon Bare

NSLS Summer Sunday 
Draws a Record-Breaking 
Crowd
August 3, 2003

On Sunday August 3, 2003, over 
750 visitors toured the NSLS 
as part of Brookhaven National 
Laboratory’s Summer Sunday 
tour series. Thirty-five NSLS 
staff members, students, and us-
ers volunteered their time for the 
event, which was organized by 
NSLS scientist, Lisa Miller.

Each summer, BNL is open 
for tours on seven consecutive 
Sundays, feature exciting interactive 
exhibits and an inside look at a different 
Laboratory facility each week, including 
the NSLS.

Tours of the NSLS included presenta-
tions, demonstrations, and hands-on 

University of Chicago scientist Tony 
Lanzirotti animated scientific research 
at the NSLS to an overflowing NSLS 
seminar room crowd.
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exhibits. At Berkner Hall, visitors 
watched an introductory video about 
how a synchrotron works, narrated by 
NSLS Chairman Steve Dierker. After 
a short bus ride and tour of the Lab, 
visitors were dropped off at the NSLS.  
In the seminar room, NSLS scientists 
presented an introduction to “Science 
at the NSLS” by describing the many 
ways the NSLS is used to study scien-
tific problems that affect everyday life. 
Improvements in biomedical imag-
ing techniques, drug design, catalytic 
converters, environmental cleanup, and 
computer storage media were just a few 
of the topics discussed.

Visitors then toured the NSLS lobby, 
which was transformed into an exhibit 
area for numerous light- and synchro-
tron-related demonstrations. Visitors 
were able to experience “total internal 
reflection” as a laser beam was guided 
through a stream of falling water. A 
display on the principles of vacuum 
demonstrated its effect on a ringing bell, 
a balloon, a feather, and a marshmal-
low. The technique of diffraction was 
demonstrated using tiny metal grids and 
compact disks. Visitors had the oppor-
tunity to build their own “crystals” using 
gumdrops, and “see” the synchrotron 
light (at least the visible part of the spec-
trum) transported to the lobby through 
a fiber optic. But perhaps one of the 
all-time favorite features in the NSLS 
lobby was the view of the experimental 
floor from the display windows, which 
continues to amaze visitors year after 
year.

In addition to the many exhibits at the 
NSLS, BNL volunteers at Berkner Hall 
engaged visitors in a number of other 
activities. A hands-on exhibit called 
“Brain Matters,” produced by the Or-
egon Museum of Science and Industry 
and funded by the National Institutes of 
Health, offered visitors the opportunity 
to explore the wonder of the brain and 
test their skills in solving challenging 
“brain twisters.” Also, an exhibit about 
the 2002 Nobel Prize in Physics award-
ed to a Brookhaven Lab scientist was on 
display, and the Camp Upton Historical 
Collection featured memorabilia from 

NSLS scientist Vivian Stojanoff, shows 
how much fun it can be to build 
crystal models out of gumdrops and 
toothpicks.

Fun with vacuum techniques was 
demonstrated by Alec Bernston (left), 
a Cornell University freshman that 
was a summer student at the NSLS.

World Wars I and II. The ever-popular 
“Whiz Bang Science Show” — popular 
with both adults and children — was 
also shown several times during the day. 
Both children and adults enjoyed lively 
interactive demonstrations of basic 
scientific principles. How does a “Ber-
noulli blower” float a beach ball in the 
air? What’s a corrugaphone and how 
does sound travel through it? These 
were just a few of the intriguing items 
covered in the show.
               —Lisa Miller

In a series of articles published in the Bul-
letin, some research that was presented at 
the 226th meeting of the American Chemical 
Society (ACS), September 7-11, 2003, in 
New York City was featured.

Important Intermediate 
Isolated With Help From 
Reverse Reaction
September 7-11, 2003

BNL chemists have used a new way to 
isolate and study an important  Inter-
mediate in a chemical reaction: They 
run the reaction in reverse.

By starting with the final products 
— epoxides— and placing them on the 
surface of a model catalyst, the chemists 
are able to use surface chem-
istry techniques to “catch” the 
intermediate. Understand-
ing this intermediate may 
ultimately help in developing 
improved or new catalysts 
for the forward reaction — a 
reaction that produces impor-
tant “building blocks” in the 
manufacture of larger organic 
molecules. 

In the forward direction, the 
interaction of the reactants 
with the surface is either 
too weak to allow direct 
study of the mechanism, or 
the intermediate — a ring 
structure on the surface of the 
silver catalyst — forms and 
transforms too quickly for scientists to 
study. But in reverse, the intermediate 
stays on the surface longer, so scientists 

The NSLS lobby ws filled with visitors 
all day one on the NSLS Summer 
Sunday.
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NYS Senators Balboni, 
Flanagan Visit BNL to Learn 
About Lab’s Homeland 
Security Initiatives, More
September 12, 2003

On Friday, September 12, New York 
State Senator Michael Balboni, 7th 
District, who chairs the Senate Com-
mittee on Veterans, Homeland Security 
and Military Affairs, and New York 
State Senator John Flanagan, 2nd Dis-
trict, who, among other contributions, 
is a member of that same Committee, 
visited BNL with Jim Sherry, Counsel 
to Balboni.

can apply various techniques to try to 
understand the reaction mechanism.

“If we find a general rule based on our 
studies with this model catalyst, then 
we can design a new catalyst, because 
we know how the reaction occurred on 
the surface,” said the BNL Chemistry 
Department’s Hong Piao, who is work-
ing on the project. The general goal is 
to improve the reactivity and selectivity 
of the catalyst for producing particular 
products.

Piao presented a talk on this work at the 
American Chemical Society’s September 
meeting’s Division of Colloid and Sur-
face Chemistry poster session, “Funda-
mental Research in Colloid and Surface 
Chemistry.” This work was funded by 
the Division of Chemical Sciences, Of-
fice of Basic Energy Sciences at DOE’s 
Office of Science. 
          — Karen McNulty Walsh

Nanoscale Model Catalyst 
Paves Way Toward Atomic-
Level Understanding
September 7-11, 2003

In an attempt to understand why 
ruthenium sulfide (RuS

2
) is so good at 

removing sulfur impurities from fuels, 
BNL chemists have succeeded in making 
a model of this catalyst — nanoparticles 
supported on an inert surface — which 
can be studied under laboratory condi-
tions.

“If we can understand why this catalyst 
is so active, we might be able to make 
it even better, or use what we learn to 
design other highly efficient catalysts,” 
said Tanhong Cai of the BNL Chemistry 
Department, one of the scientists who 
made the model.

Removing sulfur from fossil fuels such 
as oil and coal is mandated because the 
resulting fuels burn more cleanly and ef-
ficiently. One common way of achieving 
this is to add hydrogen in the presence 
of a catalyst to release hydrogen sulfide 
(H

2
S).

Recently, RuS
2
 was found to be 100 

times more active than the catalyst most 
commonly used for this “hydrodesul-
furization” reaction. But studying the 
catalyst in action is nearly impossible 
because the reaction takes place at high 
temperatures and under extreme pres-
sure.

The BNL team has therefore created 
a model of the catalyst via a chemi-
cal reaction that deposits nanosized 
particles of RuS

2
 on a nonreactive gold 

surface. The small size of the particles 
maximizes the surface area available 
for the catalytic reaction to take place, 
and makes it ideal for analysis by classic 
surface chemistry techniques, such as 
scanning tunneling microscopy and 
x-ray photoemission spectroscopy. The 
entire model is being studied under 
well-defined ultrahigh vacuum 
conditions.

Cai presented a talk on the 
preparation and characteriza-
tion of this model catalyst at 
the American Chemical Soci-
ety’s September meeting during 
the “Size-Selected Clusters on 
Surfaces, Division of Physical 
Chemistry” session. The work 
was funded by the Division of 
Chemical Sciences, Office of 
Basic Energy Sciences at DOE’s 
Office of Science.
         — Karen McNulty Walsh

Tanhong Cai

Hong Piao

3-28 NSLS ACTIVITY REPORT YEAR IN REVIEW    3-29



At BNL’s Radiation Detector 
Testing & Evaluation Facility are: 
(front, from left) NYS Senator John 
Flanagan, BNL’s Ralph James and Paul 
Moskowitz, and NYS Senator Michael 
Balboni.

After being welcomed by BNL Director 
Praveen Chaudhari, as well as DOE’s 
Brookhaven Area Office Manager 
Michael Holland, Associate Labora-
tory Director for Energy, Environment 
& National Security Ralph James, 
and Assistant Laboratory Director for 
Community, Education, Government 
& Public Affairs Marge Lynch, the 
party was taken to the Lab’s Radiation 
Detector Testing & Evaluation Facility 
(RADTEC).

There, Charles Finfrock of the Energy 
Sciences & Technology Department; 
Biays Bowerman of the Environmental 
Sciences Department; and Paul Mos-
kowitz of the Nonproliferation & Na-
tional Security (NNS) Department out-
lined the purpose of RADTEC, which 
is twofold — to assemble, operate, and 
test commercial and government off-
the-shelf technologies targeted for vari-
ous homeland security applications, and 
to provide baseline data for comparison 
purposes. At the facility, researchers 
collect baseline data on various types of 
detectors, and are available to provide 
assistance in training city, state, and 
federal officials to operate the detectors 
and interpret the results. RADTEC is 
open to all commercial and government 
technology vendors and is expected to 
become an important resource for local, 
county, state, and federal officials.

The visitors next stopped at the NSLS, 
to meet Associate Laboratory Direc-
tor for Light Sources and NSLS Chair 
Steven Dierker and NSLS scientist Peter 
Siddons, who gave an overview of some 
of the research done in such diverse 
fields as biology and physics, chemistry 
and geophysics, materials science, and 
medicine. The group then saw beamline 
X12A, where detectors being developed 
by BNL and others in support of home-
land security initiatives are inspected at 
a new testing station.

The tour continued at the Instrumenta-
tion Division, where, a collaboration 
including NNS is developing a detector 
that acts as a camera to make images of 
objects that emit low-energy neutrons. 
As Vanier explained, since there are very 
few natural background neutrons, and 

they are uniformly distributed, a con-
centrated source of neutrons is strong 
evidence of a manmade device, such 
as a plutonium weapon, or of spent 
nuclear fuel.

Graham Smith, Instrumentation, then 
showed the visitors a working prototype 
of a xenon-filled gamma ray spectrom-
eter that BNL is developing to detect 
radioisotopes potentially in the terrorist 
arsenal, such as dirty bomb materials. 
Xenon detectors can be built in very 
large sizes, so as to 
pick up signals of 
radioisotopes more 
quickly and over a 
wider area than do 
instruments now 
available. Hence, 
these detectors 
will be suitable for 
homeland security 
applications.

One of BNL’s most 
enormous detectors, STAR, provided 
the next stop on the tour. The visitors 
learned from Tim Hallman, Collider 
Accelerator Department, that STAR 
tracks and analyzes thousands of 
particles, such as protons, neutrons, 
and pions, that may be produced in 
collisions of two beams of subatomic 
particles speeding around the tunnel 
at the Relativistic Heavy Ion Collider 
(RHIC). In the RHIC experiment, 
scientists expect to discover more about 
conditions that existed in the first few 
microseconds of the universe.

The visit concluded at the Positron 
Emission Tomography (PET) facil-
ity, where David Schlyer, Chemistry 
Department, described some of the 
Lab’s pioneering neuroimaging research 
on the brain chemistry of addiction, 
aging, and diseases such as Parkinson’s 
and Alzheimer’s, and the recent PET 
research on imaging awake animals. 
Some of this work has veterinary sup-
port from the State University of New 
York’s Downstate Medical Center in 
Brooklyn.
              —Liz Seubert
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NSLS Physicist Wins 2003 
Free Electron Laser Prize 
October 10, 2003

Li Hua Yu, a physicist at the NSLS won 
the 2003 Free Electron Laser (FEL) 
Prize sponsored by the 25th Interna-
tional Free Electron Laser Conference. 
Yu received the award, which consists 
of $3,000, a certificate and a plaque, 
at the FEL conference held this year in 
Tsukuba, Japan. 

Yu’s award was given “in recognition 
of his outstanding contributions to 
FEL science and technology.” Over the 
last 20 years, Yu and colleagues from 
Brookhaven contributed significantly in 
developing two types of lasers that are 
important for scientific investigations: 
the self-amplified spontaneous emis-
sion free electron laser (SASE FEL), and 
the high gain harmonic generation free 
electron laser (HGHG FEL). 

In the SASE process, the 
light the laser emits for 
experiments starts from 
noise, or random signals. 
In contrast, in the HGHG 
process, the output light 
starts from fast-moving 
electrons interacting with a 
seeding laser that shifts the 
light to a higher frequency 
and makes it significantly 
more coherent, meaning electrons move 
in a coordinated way to emit light. The 
intense light of the HGHG FEL reveals 
the fine details of atomic interactions 
inside materials and the very fast mo-
tions of molecules in chemical reactions, 
all with an unsurpassed precision. 

Yu explained, “The HGHG FEL com-
bines the intensity and coherence of a 
laser with the broad spectrum of light 
available in a synchrotron, a type of ac-
celerator. The invention of the laser pro-
vided a revolutionary source of coherent 
light that created many new fields of 
scientific research. The development of 
the HGHG FEL extends the reach of 
lasers to much shorter wavelengths, thus 
opening new research opportunities.” 

Yu continued, “I am very happy to 

Li Hua Yu with FEL Prize  

2003 NSLS Annual Awards 
Ceremony and Picnic
September 17, 2003

On Wednesday, September 17, the 
NSLS had its annual Awards Ceremony 
and Picnic. Despite the impending ar-
rival of Hurricane Isabel, the weather 
was spectacular and the pig roast was 
another big success. The picnic was coor-
dinated by Laura Miller and executed 
by a number of NSLS staff members, 
including Charlie Nielson, Boyzie Singh, 
Bob Best, Joe Greco, Paul Humbert, Jim 
Lacy, Jim Newburgh, John Burke, Gerry 
Van Derlaske, and Bob Kiss, along with 
Ken Sutter “the pigman.”

This year, Service Awards were given to 
24 NSLS staff members: Al Almasy, Sam 
Krinsky, and Bob Casey (30 years); Roy 
D’Alsace, Walter De Boer, John Galla-
gher, Rick Greene, Chris Lanni, Payman 
Mortazavi, Jack Tallent, Frank Terrano, 
and Gerry VanDerlaske (25 years); Di-
ane Hatton, Steve Hulbert, Jim Murphy, 
and Florin Staicu (20 years); Peter Gross, 
Alan Levine, Paul Montanez, Pauline 
Pearson, Eva Rothman, Brian Sheehy, 
Chris Stelmach, and Xijie Wang (10 
years).

Spotlight Awards were presented to 
NSLS staff members for the completion 
of extraordinary accomplishments that 
were of significant benefit to the De-
partment, Division, or Laboratory. This 
year’s Spotlight Award winners were: (1) 
Brian Kushner for getting the x-ray ring’s 
digital vertical feedback up and running, 
(2) Jim Newburgh for outstanding radio 
frequency cavity installation efforts dur-
ing the winter 2002 shutdown, (3) Jack 
Tallent for designing a new beam profile 
monitor for the x-ray ring, (4) John 
Burke for completely rebuilding the fire-
damaged Pulse Forming Network (PFN) 
section of the SDL modulator-A, and (5) 
Gary Nintzel for preparation, disman-
tling, and shipping of the U6 beamline.
                —Lisa Miller

NSLS Chairman Steve Dierker 
presented the Service and Spotlight 
Awards at the Annual Picnic.

NSLS Staff enjoying the barbeque.
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2003 Nobel Prize in 
Chemistry Awarded to NSLS 
User Roderick MacKinnon
October 8, 2003

Roderick MacKinnon, M.D., frequent 
NSLS user, won half of this year’s Nobel 
Prize in Chemistry for work explaining 
how a class of proteins helps to generate 

Rod MacKinnon. Photo courtesy 
of Chris Denney for the Howard 
Hughes Medical Institute, ©2003.

receive this award, and I am grateful for 
Brookhaven Lab’s support and the excel-
lent team who worked with me to make 
the HGHG FEL at Brookhaven the first 
and only one of its kind in the world.” 

At Brookhaven’s Accelerator Test Facil-
ity in 1999, Brookhaven scientists, in 
collaboration with Argonne National 
Laboratory researchers, verified the theo-
retical foundation of the HGHG FEL 
operating in the infrared region of the 
light spectrum. In 2002, the technique 
was further developed to enable the 
HGHG FEL at Brookhaven to produce 
shorter wavelength light in the deep 
ultraviolet spectral region. This enabled 
researchers to perform new chemistry 
experiments. 

The HGHG FEL may be a comple-
mentary research tool to synchrotrons 
around the world, including the 
Brookhaven’s Laboratory Directed Re-
search and Development Program, the 
U.S. Naval Research Laboratory, and the 
U.S. Air Force funded Yu’s research on 
the DUV-FEL. 

Li Hua Yu earned his undergraduate 
degree from Jilin University in China 
in 1970. He earned both an M.S. and 
Ph.D. in physics from Stony Brook Uni-
versity in 1980 and 1984, respectively. 
In 1984, he joined Brookhaven Lab as a 
research associate, and he rose through 
the ranks to become a senior physicist, 
in 2000. With a team of eight scientists 
and engineers from Brookhaven, Yu 
won an R&D 100 Award from R&D 
Magazine in 1989 for inventing the 
Real-Time Harmonic Closed-Orbit 
Feedback System, which stabilizes the 
orbit of electron beams in synchrotrons. 
       —Diane Greenberg

nerve impulses -- the electrical activity 
that underlies all movement, sensation, 
and perhaps even thought. The work 
leading to the prize was done primarily 
at the Cornell High Energy Synchro-
tron Source and the National Synchro-
tron Light Source. 

The proteins, called ion channels, are 
tiny pores that stud the surface of all 
of our cells. These channels allow the 
passage of potassium, calcium, sodium, 
and chloride molecules called ions. 
Rapid-fire opening and closing of these 
channels releases ions, moving electrical 
impulses from the brain in a wave to 
their destination in the body. 

Starting in 1998, after 10 years study-
ing the biophysics of ion channels, 
MacKinnon published a series of 
structural solutions — high-resolu-
tion molecular-level “snapshots” of 
ion channels, produced at Cornell and 
Brookhaven. These structures literally 
showed the scientific community how 
electrical signaling occurs. 

MacKinnon, a biophysicist and self-
taught x-ray crystallographer, is a 
professor at Rockefeller University and 
an investigator at the Howard Hughes 
Medical Institute. He shares this year’s 
chemistry Nobel with Peter Agre, 
M.D., of Johns Hopkins University 
School of Medicine.

[Editor's note: For more information on 
MacKinnon's work, see the related Feature 
Highlight beginning on page 2-10]
           —Karen McNulty Walsh

NSLS Shines Light on 
Disease
October 23, 2003

A group of four BNL scientists inves-
tigating the underpinnings of diseases 
from osteoporosis to botulism pre-
sented an overview of their work to a 
group of reporters in person and via 
live “webcast” on Thursday, October 
23, at BNL. All the presenters use 
the extremely bright beams of energy 
(from infrared to x-rays) available at the 
NSLS.
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(Top, from left): Walter Mangel 
and Lisa Miller (bottom, left) 
Subramanyam Swaminathan and 
Zhong Zhong.

389th Brookhaven Lecture 
‘Nanoscale Twist in Liquid 
Crystal Miniature Video 
Displays’ 
December 17, 2003

Recently, commercial large-viewing 
angle flat panel displays, as well as 
miniature video displays for digital 
cameras, camcorders, head- and helmet- 
mounting, have been produced using 
ferroelectric liquid crystal (FLC) and 
antiferroelectric liquid crystal (AFLC) 
technology.

While developing materials for these 
devices, researchers noticed the thermal 
signature of a rich variety of new inter-
mediate phases of the liquid crystals. 
The structures of these intermediate 

Ron Pindak

NSLS Chair Steven Dierker gave an 
overview of the facility, which is used by 
more than 2,500 scientists from outside 
the Lab each year – including this year’s 
chemistry Nobel Prize-winner, Rod 
MacKinnon of Rockefeller University, 
who used x-rays to determine the struc-
ture of proteins that help transmit nerve 
impulses throughout the body. Solving 
protein structures via the technique of 
x-ray crystallography can help scientists 
understand the proteins’ functions and 
perhaps devise strategies to prevent them 
from causing disease.

That is the exact approach being pur-
sued by the Biology Department’s Walter 
Mangel and Subramanyam Swamina-
than. Through x-ray crystallography and 
other techniques, Mangel has uncovered 
several parts of a viral enzyme that might 
be susceptible to antiviral drugs. “If you 
can block the activity of the enzyme,” he 
says, “you can block the infection.”

What is more, the sites Mangel has iden-
tified interact with one another. This led 
him to propose a new type of multi-drug 
therapy that viruses would not be able to 
“outsmart” via evolution of drug resis-
tance. Using multiple drugs against sev-
eral targets on the same enzyme might 
be effective against a range of viruses, 
including those that cause pink eye and 
AIDS, and against a range of bacteria, 
including those that cause Chlamydia, 
plague, and even malaria.

Swaminathan is using the NSLS x-rays 
to reveal components of botulinum 
toxin, the protein that causes botulism, 
that are central to its paralyzing effects. 
He is working to develop drugs that fit 
into the toxin’s active sites to disrupt the 
potentially deadly process at three crucial 
steps. The result may be a vaccine and/or 
drugs that eliminate the toxin’s potential 
as an agent of biowarfare or bioterror-
ism.

Shining the NSLS’s beams on more tra-
ditional targets — bones and other body 
tissues — are the NSLS’s biophysicist 
Lisa Miller and physicist Zhong Zhong. 
Miller is using the infrared beams to 
study bone composition, particularly 
that associated with areas of microscopic 

damage. She wants to know how bone 
composition changes in response to 
common osteoporosis treatments. Her 
work could lead to improvements in 
osteoporosis drugs.

Zhong uses the NSLS x-rays to look 
not just at bone, but at soft tissues like 
cartilage, blood vessels, 
skin, and fat deposits as 
well. His technique, called 
diffraction-enhanced im-
aging (DEI), uses higher 
energy x-rays that pass 
right through the sample 
without being absorbed, 
which results in a lower 
dose to the patient than 
traditional x-ray tech-
niques. DEI makes soft 
tissues visible because 
each tissue type scatters 
the beam differently. A 
sensitive analyzer crystal 
can detect these subtle 
diffractions and translate 
them into different in-
tensities, visible on x-ray 
film in magnificent detail. 
The technique could yield 
more accurate and earlier diagnosis of 
soft-tissue diseases such as breast cancer.
         — Karen McNulty Walsh
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phases look identical by conventional 
x-ray analysis and involves nanometer 
orientational properties that occur at 
smaller dimensions than can be observed 
using conventional optical microscopy.

To overcome this limitation of conven-
tional investigative techniques, Ron 
Pindak, a physicist at the NSLS, and 
other researchers used a property of 
synchrotron x-ray sources — or more 
specifically, an intense beam of linearly 
polarized x-rays of a specific energy 
— to directly probe the nanometer-scale 
helical ordering of these new phases of 
liquid crystals.

Pindak gave a presentation on this re-
search on Wednesday, December 17, at 
4 p.m., the 389th Brookhaven Lecture, 
“Nanoscale Twist in Liquid Crystal 
Miniature Video Displays.” Pindak was  
introduced by Steven Dierker, NSLS 
Chair and Associate Laboratory Director 
for Light Sources.

As Pindak explained in his talk, the x-
ray scattering process is highly sensitive 
to the orientation of the chemical bond-
ing of the atom, and therefore sensitive 
to the orientation of the molecule itself 
when using x-rays with an energy that 
excites electrons from the core of an 
atom within a molecule. He described 
how FLCs and AFLCs are used in de-
vices and contrasted their behavior with 
more widely used liquid crystals.

Pindak joined BNL in 2001 as a physi-
cist after 24 years at Bell Laboratories. 
Since then, he has headed the Science 
Program Support Section of the User 
Science Division, and taken the lead in 
developing a condensed matter program. 
He also served as the Interim Associate 
Director for the BNL Nanocenter.

Pindak received a B.S. in physics from 
Boston College in 1969 and a Ph.D. in 
physics from the University of Pennsyl-
vania in 1975.
            — Ron Pindak and John Galvin
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NSLS Advisory Committees

SCIENCE ADVISORY 
COMMITTEE

The Science Advisory Committee 
(SAC) evaluates science pro-
grams at the NSLS and makes 
recommendations to the 
Chairman.

M. Blume, BNL

S. Burley, Structural GenomiX

S. Gruner Chess, Cornell 
University

F. Himpsel, University of 
Wisconsin, Madison

K. Hodgson, SLAC

J. Schneider, HASYLAB, DESY 
Germany

A. Sievers, Cornell University

S. Sinha, University of California, 
San Diego

A. Lanzirotti, University of 
Chicago (UEC Chair, Ex-Officio)

USERS’  EXECUTIVE COMMITTEE

The Users Executive Commit-
tee (UEC) provides for organized 
discussions among the user com-
munity, NSLS administration and 
laboratory directorate. It aims to 
communicate current and future 
needs, concerns, trends within 
the user community to NSLS 
staff and management, and to 
disseminate to the users infor-
mation about the NSLS and BNL 
plans.

CHAIR 
Antonio Lanzirotti 
University of Chicago

PAST CHAIR

Leemor Joshua-Tor  
Cold Spring Harbor Laboratory

MEMBER

Fred Dyda 
National Institute of Health

MEMBER

Daniel Fischer 
NIST

MEMBER

Anatoly Frenkel 
Yeshiva University

MEMBER

Dean Hesterberg 
North Carolina State University

MEMBER

Richard Reeder 
Stony Brook University

VICE CHAIR

Larry Shapiro 
Columbia University

SECRETARY

Peter Stephens 
Stony Brook University
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Chi-Chang Kao 
NSLS User Science Division

EX-OFFICIO

Mary Anne Corwin
NSLS User Administration Office

EX-OFFICIO

Lisa Miller
NSLS Information & Outreach 

SPECIAL INTEREST GROUP 
REPRESENTATIVES

Special Interest Groups in 
areas of common concern 
communicate with NSLS 
management through the 
UEC.

BIOLOGICAL SCATTERING & 
DIFFRACTION 
Vivian Stojanoff, BNL-NSLS

INDUSTRIAL USERS 
Simon Bare, UOP LLC

IMAGING 
Jerry Delaney, Rutgers 
University

INFRARED USERS 
Larry Carr, BNL-NSLS

NUCLEAR PHYSICS 
Mahbub Khandaker, Thomas 
Jefferson Nat. Lab.

STUDENTS AND POST DOCS 
Aaron Celestian, Stony Brook 
University

XAFS 

Kumi Pandya, North Carolina 
State University

X-RAY SCATTERING & 
CRYSTALLOGRAPHY 
Peter Stephens, Stony Brook 
University

TIME RESOLVED SPECTROSCOPY 
John Sutherland, BNL-Biology 

TOPOGRAPHY 
Michael Dudley, Stony Brook 
University

UV PHOTOEMISSION & SURFACE 
SCIENCE 
Peter Johnson, BNL-Physics 
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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.

VUV
Laszlo Mihaly 
Stony Brook University 

Elio Vescovo 
BNL-NSLS 

X-RAY

Marc Allaire 
BNL-NSLS

Annie Heroux 
BNL-Biology 

Jean Jordan-Sweet 
IBM

Elaine DiMasi 
BNL-Physics 

Syed Khalid 
BNL-NSLS

Wolfgang Caliebe 
BNL-NSLS 

NSLS Advisory Committees

GENERAL USER PROPOSAL 
STUDY PANEL

The Proposal Study Panel (PSP) 
reviews and rates General User 
Proposals. Members are drawn 
from the scientific community 
and generally serve a two-year 
term.

X-RAY SCATTERING

Ben Hsiao, Stony Brook 
University

Rainer Kolb, ExxonMobil 

Karl Ludwig, Boston University 

X-RAY SPECTROSCOPY

Anatoly Frenkel, Yeshiva 
University 

Douglas Hunter, University of 
Georgia

Trevor Tyson, New Jersey 
Institute of Technology

X-RAY BIOLOGY

Rui-Ming Xu, Cold Spring 
Harbor Laboratory

DaXiong Fu, BNL-Biology 

Da-Neng Wang, New York 
University 

Daniel Leahy, John Hopkins 
University 

IMAGING/OTHER

Richard Reeder, Stony Brook 
University

George Flynn, SUNY @ Platts-
burgh

VUV SCIENCE

Daniel Fischer, NIST 

Friedrich Hoffmann, Sci.-Med.

Jan Hrbek, BNL-Chemistry

GENERAL USER OVERSIGHT 
COMMITTEE

The General User Oversight 
Committee resolves disputes 
between General Users, PRTs, 
and NSLS staff.

Simon Bare 
UOP

Mark Chance 
AECOM

Barbara Illman 
University of Wisconsin 

Dale Sayers 
North Carolina State University
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Operations and Engineering Division Report
Erik D. Johnson
ASSOCIATE CHAIR FOR OPERATIONS AND ENGINEERING

Organization and Mission
The largest of the NSLS Divisions, Operations and Engineering consists 
of three sections: Operations, which is led by Richard Heese, Electrical 
Systems, led by Richard Biscardi, and Mechanical Engineering, led by 
Ed Haas. The mission of our division falls into three main areas:

• Operation of the NSLS 24 hours a day, 7 days a week, an average of 
44 weeks a year.
• Design, fabrication, and maintenance of the NSLS accelerators and 
utilities, including upgrades and modifications to meet changing needs.
• Engineering and technical support for the other NSLS divisions and 
the NSLS user community.  

As the department continues to emphasize beamline operations, we are 
increasingly relying upon a department-wide matrixed management 
approach:  The Operations and Engineering Division (OED) draws 
resources from other divisions to support operations, and we provide 
special expertise to support development for other divisions.

2003 ActivitiesThis report provides a transition to reporting activities by 
the calendar year. Hence, three major shutdowns are included as well as 
operations throughout the year. Operational performance statistics will 
continue to be reported on a fiscal year basis. An overview of machine 
performance for Fiscal Year 2003 is provided in section 6, ‘Facility Facts 
and Figures.’

X29: A series of major installation tasks spanning several shutdowns 
revolved around the development of an insertion device based program 
at beamline X29. A new ring vacuum chamber for an insertion device 
beamline had previously been installed in the x-ray ring. During De-
cember 2002, our third new RF cavity was installed in the X29 straight 
section. With this installation, two new cavities reside in the straight, 
providing space for the installation of a Mini Gap Undulator (MGU), 
identical to that already in service at X13. Shield wall modifications were 
also made during the December 2002 shutdown that allowed construc-
tion of the beamline on the floor to commence.

During the May 2003 shutdown, the MGU itself was moved into place 
between the RF cavities. The installation of the MGU controls, active 
interlock electronics, and beamline front-end was completed in the 
December 2003 shutdown, with commissioning starting in January of 
2004. The X29 MGU project exercised the ‘matrix organization’ con-
cept to the fullest, as its success depended upon significant contributions 
from every NSLS division and the collaboration building the beamline.  
While X29 was a major activity for the OED, it is an achievement for 
the entire NSLS.

NSLS-II: A major initiative for the NSLS community, NSLS-II has 
been a high priority for the department throughout the year.  The OED 
has contributed primarily through the development of engineering 
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conceptual designs, project schedules, and cost estimates to meet the 
requirements established by the User Science and Accelerator Divisions.

Surprises and Triage: Nearly every parameter of the NSLS has been 
expanded beyond its original design goals. Careful evaluation of changes 
as well as diligent maintenance of the machines has allowed our user 
community to enjoy a very high degree of reliability. However, as the 
machine ages, problems do crop up, and 2003 seemed to be a bumper 
year for surprises.   

On the X-ray ring, the increase in operating energy to 2.8 GeV and the 
implementation of the high brightness optical configuration required 
the current of the defocusing string of sextupole magnets to be raised 
from 500 amperes to over 800 amps. This almost tripled the power dis-
sipated in the magnet string. The change was carefully evaluated before 
it was instituted several years ago, but it was known that the magnets 
would become more sensitive to flow disruptions. Coming out of the 
December 2003 shutdown, we experienced a failure of a coil in one of 
the magnets in the string. This particular magnet is buried within the 
LEGS area of the machine, making it both a ‘one of a kind’ and very 
difficult to access. Removing and repairing the magnet took nearly two 
weeks, cutting significantly into January 2003 operations. Later in the 
year, another magnet in the same string started overheating, although it 
did not fail. In the December 2003 shutdown, during preparations to 
replace the magnet, a blockage was discovered (and removed) from the 
magnet buss work, alleviating the overheating. 

Various vacuum problems also contributed to operational headaches 
in 2003. In the month running up to the May 2003 shutdown, a 
small leak developed in a stripline monitor in the X-ray ring, causing 
a reduced beam lifetime, which led us to start the shutdown two days 
early.  The leak was successfully repaired during the shutdown. During 
the summer, we also had a user vacuum venting accident and a leak in 
an ion pump feedthrough. It failed when it was sprayed by a fine mist 
of water from a pinhole leak in the body of a brass fitting four feet away 
that had been in place for over 15 years!  

This also happened to be the year of the Northeast black out in August, 
causing nearly three days of X-ray operations downtime. This year the 
‘unusual’ problems on the X-ray ring accounted for more than 12 days 
of down time, with just over six days due to the more typical operations 
problems. Overall, for fiscal year 2003, machine reliability was 89% for 
X-ray, although UV reliability remained high at 98%.

These very visible events tend to overshadow the failures that didn’t hap-
pen because of the vigilance of the staff that maintains and repairs the 
machines out of the sight of the user community. Examples include the 
repair of the U14 water cooled mask during the May 2003 shutdown, 
the U4IR mirror rebuild during the December 2003 shutdown, and the 
upgrade of the X17 wiggler controls in December 2003.   Magnet power 
systems, injection control, and diagnostic systems were also upgraded 
without fanfare; these are all systems that are essential to maintain-
ing the performance and reliability of the NSLS. As we look forward 
to NSLS-II, the staff of the OED is prepared to meet the challenge of 
keeping the current NSLS performing at its best for another decade.

The new MGU between the RF cavities in
the X29 straight section.
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Accelerators Report
James Murphy
ASSOCIATE CHAIR FOR ACCELERATORS

Organization and Mission
The NSLS Accelerator Division (AD) was established in late 2001 
through the reorganization of the NSLS and is headed by James B. 
Murphy. The division is organized into two sections: the Linear Accel-
erator (Linac) Section, headed by Xijie Wang, and the Storage Ring & 
Insertion Device Section, headed by Boris Podobedov. The staff consists 
of eight accelerator physicists, two engineers, three technicians, and two 
postdocs.

The NSLS Accelerator Division (AD) has a four-part mission: 

• To ensure the quality of the electron beam in the existing NSLS 
booster, linear accelerator, and x-ray and vacuum ultraviolet (VUV) 
storage rings
• To operate the deep ultraviolet free electron laser (DUV-FEL) and  
Magnet Measurement facilities
• To participate in the NSLS-II project
• To perform fundamental research and development in accelerator  
and free electron laser physics

2003 Activities
NSLS-II: A major activity of the AD staff was the initial design of the 
new storage ring source for the NSLS-II project. The AD staff worked 
in conjunction with the other divisions of the NSLS to develop the 
machine concept for an ultra-high brightness (~1021) 3 GeV electron 
storage ring design. The preliminary design is based on a 24-cell triple 
bend achromat lattice with a horizontal emittance in the range of 1.5 
nm (Figure 1). Such a ring would more than triple the number of inser-
tion devices available to the user community and provide 10,000 times 
higher brightness. A machine advisory committee was established to 
provide feedback on the machine design.

Storage Rings: Significant effort by the AD staff went into studying 
how the installation of more Mini Gap Undulators (MGU) in the x-ray 
ring would affect accelerator performance. In particular, MGUs may 
limit the beam current due to various collective effects induced by the 
strong impedance of the mini-gap chamber and transitions. The recent 
installation of the X29 MGU chamber gave us an opportunity to mea-
sure and compare some of these effects before and after the installation. 
While we did observe increased betatron tuneshifts with current at low 
energy, fortunately the increase turned out to be quite small and should 
not hinder operations. Single bunch currents of up to 125 mA are still 
possible, with the (administrative) limit set due to heat in vacuum 
chamber components unrelated to MGUs. We are also numerically 
calculating the impedance of the MGU chamber with electromagnetic 
field simulators. These studies should also provide valuable insights into 
the possible effect of MGUs on the future performance of the NSLS-II 
storage ring. 
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Another area of activity emphasized improvements to the storage ring 
lattices of the X-ray and VUV rings. The LOCO code, originally devel-
oped at the NSLS by James Safranek, allows calibrating and correcting 
the ring lattice from the measured beam response matrix. With James' 
help, a new, more powerful MATLAB-based version of this code was 
extensively debugged at the NSLS last year and is now used for both 
rings. This work has also shown some limitations of our existing diag-
nostics and resulted in the installation of new Hall probes 
into some of the X-ray ring magnets. 

Other work on the VUV ring included setting up shorter 
electron bunch configurations for time-resolved experiments 
as requested by the IR users. The challenge is to get a stable 
configuration of the ring lattice and RF system (with the 
harmonic cavity set for compression) that produces short 
bunches at substantial beam currents. Bunch lengths on the 
order of 400 ps FWHM with ~100 mA/bunch have been 
achieved. Work is continuing on yet another challenging 
configuration that produces mm-scale periodic ~10 Hz 
orbit motion at beamline U4IR while keeping stable orbit 
throughout the rest of the ring. This motion fills the very-
far IR spectral gaps that are produced by the interference between the di-
rect synchrotron radiation and (orbit-dependent) reflections off the walls 
of the vacuum chamber. To provide for the very localized orbit distor-
tion, we are reconfiguring the VUV ring digital orbit feedback system.

Magnetic Measurement Lab: Early in FY 2003, a second in-vacuum, 
mini-gap undulator (designated MGU-29) was assembled, measured, 
and magnetically shimmed to minimize magnetic field errors and to 
optimize its spectral performance. The Mechanical Group installed it 
in the X-ray ring in the space between a pair of accelerating cavities in 
the X29 straight section. The magnet gap was left open to temporar-
ily reduce the x-ray output to a negligible amount pending installation 
of front-end and optical components of the new NIH-funded protein 
crystallography beamline. These components were installed in the winter 
2003-04 shutdown.

An FY 2002 design study to replace the aging X1 soft x-ray undulator 
identified several options that were presented to the X1 users and User 
Science Division staff. The preferred option was a pair of 1.4 m long 
undulators in tandem, canted to produce two photon beams, separated 
by about 1 milliradian, serving beamlines X1A and X1B independently, 
with independent control of each device by the respective users. One 
device would be a variable-polarization undulator, the other a planar 
one. However, this solution was predicated on a significant reduction of 
the height of the vacuum chamber in these devices. To verify the impact 
of a reduced chamber height on machine operations, particularly during 
injection, and to determine the minimum allowed vertical aperture in 
the new undulators, we decided to experimentally simulate the reduced 
aperture. A motorized beam scraper assembly was refurbished and in-
stalled in a chamber to be shared with an existing photon absorber, just 
upstream of the MGU-13 in-vacuum undulator. The combination of 
the variable-gap MGU-13 in the center of the straight and the scraper, 
approximately one meter upstream, will allow the characterization of 

Figure 1. Storage ring lattice functions for 
the preliminary design of the NSLS-II ring 
(β

x
 in black, β

y
 in red and D

x
 in green).
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the vertical beam profile in a typical straight section under all operating 
conditions. This scraper assembly was installed during the December 
2003 shutdown.

As an important part of our efforts to develop a superconducting 
undulator (SCU), a state-of-the-art SCU measurement apparatus was 
designed by the Magnetic Measurement and Mechanical Engineering 
staff, and is now under construction (Figure 2). It is designed to per-
form both magnetic and calorimetric measurements on SCU models up 
to about 0.4 m in length, cooled either by immersion in liquid helium 
(LHe) or by conduction. Three independently instrumented helium 
channels will allow detailed calorimetric measurement of both the SCU 
magnet windings and the beampipe under various thermal conditions, 
including simulated beam heating. A motorized, multi-element Hall 
sensor assembly for detailed magnetic field mapping has been con-
structed and bench-tested. The Hall sensors will be calibrated off-line 
against an NMR standard in a laboratory magnet, both at room tem-
perature and at 77K in a liquid nitrogen bath. A small superconducting 
magnet within the cryostat will also permit in-situ calibration checks of 
the sensors at 4K. The Hall probe mapper will be interchangeable with a 
stretched wire sensor, instrumented to operate in either the pulsed-wire 
or vibrating-wire mode, and will provide complementary measurements 
of field errors, trajectory errors, and integrated field errors.

Together with the BNL Magnet Division, we plan to develop a SCU 
design using advanced “APC-type” NbTi superconductors, which can 
operate at higher currents and fields than conventional NbTi. We also 
plan to investigate a means of correcting phase errors in SCU’s, critical 
for achieving high brightness at high harmonics for full coverage of the 
2-20 keV photon range.

An improved magnetic design was developed for a new in-vacuum 
undulator to replace the aging X25 wiggler. The new device, desig-
nated “MGU-25,” will be one meter long with an 18 mm period and 
a minimum gap of 5.6 mm, and will cover 1.9 – 20 keV, using the 
fundamental, 2nd (present due to the rather high emittance), 3rd, 5th, and 
7th harmonics. The latest NdFeB materials with higher remanent field 
and very high intrinsic coercivity will be used to maximize the tuning 
range. The Mechanical Engineering group designed a longer vacuum 
chamber and a “twin-tower” support structure derived from the success-
ful “single-tower” and chamber designs used in MGU-13 and MGU-29. 
A make-or-buy decision, development of detailed specifications, and 
procurement of just the magnets or the complete undulator are expected 
in FY 2004.

We continued our collaboration with A. Temnykh of Cornell in devel-
opmenting a vibrating-wire magnetic probe for use in small-gap undu-
lators. This technique will be adapted for insertion into the SCU test 
apparatus described above. Magnetic Measurement staff also supported 
the Cascaded High-Gain Harmonic Generation X-ray FEL proposal 
by modeling and developing wiggler designs for the five modulator and 
amplifier stages. Magnetic Measurement staff contributed to the de-
velopment of the NSLS-II lattice design via 3D magnetic modeling of 
candidate magnet designs, such as combined-function gradient dipole 
electromagnets and permanent magnet-driven gradient dipoles. 

Figure 2. Vertical Test Facility for magnetic 
measurements of future superconducting 
undulators.



5-8 NSLS ACTIVITY REPORT FACILITY REPORT    5-9 

DUV-FEL:  The Deep Ultra Violet Free Electron Laser (DUV-FEL) 
provides unique capabilities to the NSLS user community. The ac-
celerator system of the DUV-FEL consists of a 1.6-cell BNL photo 
injector driven by a Ti:Sapphire laser system, and a four section 2856 
MHz SLAC-type traveling wave linac capable of producing a 200 MeV 
electron beam. The magnetic chicane bunch compressor at the DUV-
FEL produces sub picosecond (ps) long electron bunches with a peak 
current of a few hundred amperes. The high brightness electron beam 
transits the 10 meter long NISUS undulator to generate UV light with a 
fundamental wavelength of 266 nanometers (nm).

In FY03, the DUV-FEL achieved a unique mode of operation known as 
High Gain Harmonic Generation (HGHG), whereby the electron beam 
is energy modulated with the Ti:Sapphire laser at 800 nm, the energy 
modulation is converting into spatial bunching in a dispersive magnet, 
and then the bunched electron beam radiates coherently at 266 nm in 
the NISUS undulator.

After successfully lasing at 266 nm with the 800 nm laser seeding, ex-
periments were carried out at the DUV-FEL to further characterize the 
properties of the HGHG FEL, and to demonstrate its stability and con-
trollability. The narrower spectrum and better stability of HGHG com-
pared to a SASE FEL were observed (Figure 3). Both the second and 
the third harmonic of the HGHG FEL radiation were experimentally 
characterized using a vacuum monochromator. The pulse energy for 
both harmonics (133 and 89 nm) was measured to be about 1 µJ, which 
is about 1% of the fundamental at 266 nm. A two-photon absorption 
auto-correlator with 100 fs resolution was developed to characterize the 
HGHG output pulse length. It was experimentally demonstrated that 
the HGHG output pulse length can be controlled using the seed laser 
from a picosecond down to 250 fs (FWHM). Experiments to investigate 
a chirped HGHG FEL were also initialized in 2003. Preliminary results 
are very promising, and the chirped FEL could lead to even shorter 
pulses of HGHG output.

One of the most important milestones in the last year at the DUV-FEL 
is the initialization and completion of the first DUV-FEL user experi-
ment by Arthur Suits and his collaborators from the BNL Chemistry 
Department. The first chemical science experiment – ion pair imaging 
– used the third harmonic (89 nm) of the HGHG output to study the 
super excited states of methyl fluoride. Velocity mapped ion images of 
the fluoride ion, obtained with excitation via intense, coherent, sub-pi-
cosecond pulses of 86-89 nm radiation, reveal low translational energy, 
implying very high internal excitation in the methyl cation cofragment 
(Figure 4). The report on this experiment has been published in Physi-
cal Review Letters. To advance the user science program at the DUV-
FEL, the NSLS hosted a very productive chemical science user work-
shop in July 2003.

There is increasing interest in high intensity THz radiation because of 
its potential applications in homeland security and material characteriza-
tion. Two experiments were performed at the DUV-FEL to explore the 
possibility of using the bright electron beam to generate coherent THz 
radiation. In the first experiment, the electron beam with a sub-mm 
modulation was produced via temporal modulation of the photoinjec-

Figure 3. Experimental comparison between 
unsaturated Self Amplified Spontaneous 
Emission (SASE) and High Gain Harmonic 
Generation (HGHG) spectra.
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tor drive laser. The spatially modulated electron beam then is used to 
generate coherent THz radiation. Pulses in excess of 80 µJ of coherent 
THz radiation, using a transition radiation mechanism, were measured 
in the second experiment using sub-picosecond electron bunches con-
taining about 0.7 nano-coulombs of charge. This intensity is about two 
orders of magnitude higher than the laser-based THz sources, and field 
strengths on the order 500 kV/cm are expected from such an intense 
THz source.

High-brightness electron beam generation and preservation is the key 
to the success of all future linac-based light sources. Investigations 
performed at the DUV-FEL revealed the possibility of strong longitu-
dinal spatial modulation driven by a space-charge oscillation during the 
electron beam bunch compression. Comparison between experiments 
and simulation confirmed the amplification of an existing modulation 
during bunch compression. A femtosecond electron bunch monitor 
based on the electron-optical effect was successfully commissioned at the 
DUV-FEL to study the electron beam longitudinal distribution and the 
timing jitter between the electron beam and the HGHG seed laser. 
Using this technique, the timing jitter between the electron beam and 
the HGHG seed laser was measured to be 150 fs. 

Beam Line Operations and Safety Awareness (BLOSA) training and 
many other procedures were developed at the DUV-FEL to improve ac-
celeration operation and laser safety. 

In September 2003, Dr. L.H. Yu of the NSLS Accelerator Division was 
awarded the 2003 International FEL Prize for his outstanding contri-
butions to “High Gain Free Electron Lasers and High Gain Harmonic 
Generation.”

Figure 4. Ion pair image from the first DUV-
FEL user experiment.
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User Science Report
Chi-Chang Kao
ASSOCIATE CHAIR FOR USER SCIENCE DIVISION

Organization and Mission
The User Science Division coordinates major facility activities related to 
users so that we can be more effective in communicating with the user 
community, strengthen existing scientific programs, foster the growth 
of new scientific programs, and raise the visibility of the exciting sci-
ence produced by our users. The division consists of five sections: User 
Administration (Mary Anne Corwin), 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 Sci-
ence Division and the NSLS user community for 2003 are summarized 
briefly below.

2003 Activities
This year has been eventful for the User Science Division. The year 
began with coordinating the user community in response to a Depart-
ment of Energy /Basic Energy Sciences (DOE/BES) call for proposals to 
“Enhanced Research Capabilities at DOE X-ray and Neutron Facilities.”  
Thanks to the effort of a large number of users and NSLS staff mem-
bers, several major instrumentation proposals were submitted, including 
a new micro-beam x-ray diffraction instrument, an undulator-based 
small angle x-ray scattering beamline, and instrumentation upgrades for 
a number of powder/single crystal diffraction beamlines. Among them, 
the micro-diffraction instrument was funded in 2003, and the small 
angle scattering beamline will be funded in 2004. Both projects will take 
full advantage of the high brightness provided by the in-vacuum small 
gap undulator developed at the NSLS, and will provide two new world-
class capabilities at the NSLS that are particularly important for nanosci-
ence research. In addition, the input from the user community during 
the preparation of these proposals has been extremely valuable and will 
help us serve them better.

We soon turned our attention to working on the NSLS response to the 
DOE/BES “twenty-year facilities roadmap” review, and subsequently the 
science case for the NSLS-II proposal, an ultra-high brightness, medium 
energy storage ring. With the help of a large number of users, we orga-
nized more than a dozen scientific workshops, ranging from life sciences, 
materials/chemical sciences, and nanoscience to earth and environmental 
sciences. These focused workshops were very successful in identifying the 
grand challenges in the individual fields of research, and the impact of 
NSLS-II on them, as well as the technical challenges in the accelerator, 
insertion devices, optics and detectors. More importantly, these work-
shops have clearly demonstrated a great deal of excitement and support 
in the user community about the NSLS-II project.

The year continued with the exciting news that NSLS user Roderick 
MacKinnon from Rockefeller University shared the 2003 Nobel Prize in 
chemistry for his work on ion channel proteins. A very important part of 
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his work, the determination of numerous protein crysal structures, was 
done primarily at the Cornell High Energy Synchrotron Source and the 
NSLS. More good news this year for the NSLS macromolecular crystal-
lography user community came when the BNL Biomedical Technol-
ogy Research Resource for Macromolecular Crystallography, a center 
sponsored by the National Center for Research Resources (NCRR) of 
the National Institutes of Health (NIH), received its renewal funding 
for another five-year period. This supplements another grant sponsored 
by the Department of Energy (DOE) Office of Biological and Envi-
ronmental Research (BER) for the same period. These two grants will 
fund a number of activities, including the support of full-time operation 
of the X25 wiggler beamline, the completion of construction and the 
ensuing commissioning and operation of a new undulator beamline for 
macromolecular crystallography at X29, and a major upgrade of beam-
line X25, which involves the replacement of its wiggler source by a novel 
small-gap undulator source and appropriate beamline optics upgrades to 
take advantage of the properties of the new source.

In between these exciting events, we have also completed a number of 
major beamline construction and upgrade projects:

• X6A beamline construction: A new bending magnet beamline, 
X6A, has been completed and started user operation. The beamline was 
funded by the National Institutes of General Medical Sciences of the 
National Institutes of Health (NIH-NIGMS) to meet the increasing 
demand in protein crystallography.  

• X6B beamline construction: X6B is a new powder/single crystal 
diffraction beamline, designed to perform (1) time-resolved powder 
diffraction experiments, (2) combined x-ray spectroscopy and x-ray dif-
fraction experiments, (3) single crystal diffraction experiments, and (4) 
electron density of excited states.  

• X17 superconducting wiggler beamline upgrade: The upgrade 
involved the construction of two new experimental hutches to allow a 
dedicated hutch for a materials science instrument, a large volume press 
instrument, and a diamond anvil cell instrument. This upgrade will 
significantly increase the amount of beam time available to these user 
communities.

• X19A beamline upgrade: X19A is the premier low-energy x-ray 
beamline at the NSLS and has very high user demand. In 2003, a new 
monochromator was designed and installed to improve the cooling of 
the monochromator crystals. The new design has led to better energy 
and intensity stability of the beamline and ease of beamline operation.

• U5UA beamline upgrade: A refocusing mirror was added to pro-
vide the possibility of providing radiation to a second endstation. The 
focused beam size is on the order of 10 microns, making it ideally suited 
for the planned combined low-energy electron and photoemission mi-
croscopy endstation.

In addition, we have initiated several new beamline upgrade projects 
this year, including the X1A undulator beamline, the X13A elliptical 
polarizing wiggler beamline, the X21 wiggler beamline, and the X27 
microprobe beamline.  The completion of these projects will be very 

Figure 1. Beamline X6A, a new 
macromolecular crystallography beamline 
funded by the National Institutes of General 
Medical Sciences  of the National Institutes 
of Health.
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important for the development of new scientific programs in nanosci-
ence, soft and biomaterials, magnetism, advanced materials growth, and 
environmental science. We are also very fortunate to have seven very 
talented scientific and technical staff joining us this year to take on these 
projects and lead the development of new scientific programs.

There has also been steady progress in the detector development area 
this year. After successful a demonstration last year, several cop-
ies of the fast avalanche photodiode (APD) detector-electronics 
units have been installed at x-ray scattering beamlines. The large-
angle curved gas proportional counter detector for time-resolved 
x-ray powder diffraction has been installed on two beamlines, 
one for testing purposes and the second for a user run. New soft-
ware enabling time-slicing down to the microsecond time scale 
has also been implemented. Finally, several 96-element prototype 
silicon detectors with custom-designed integrated circuits, which 
each parallel-process input from 32 detector elements, are being 
assembled and will be deployed soon.

With the addition of a full-time programmer this year, the 
User Administration office has made significant progress in the 
development of a new online proposal system to integrate proposal 
submission, safety approval, proposal review, beamtime allocation, and 
beamtime scheduling. We appreciate greatly the effort by a large num-
ber of participating research teams (PRTs), users, and NSLS staff, who 
provided valuable input and recommendations throughout the process.  
Testing of the system will begin in 2004.

Finally, we continue to take more immediate steps to enhance user sci-
ence at NSLS. First, a short course on EXAFS data collection and analy-
sis was held again this past summer with the help of many experienced 
users. This hands-on workshop provided both new and experienced 
users with exposure to EXAFS theory, data collection, and analysis.    
Feedback on the EXAFS short course has been so extremely positive 
that it has become an annual event. Second, a regular series of science 
highlight articles is now published on the NSLS website to facilitate the 
dissemination of exciting scientific results obtained at NSLS beamlines 
to the NSLS user community, as well as the wider scientific community.  
Third, a new symposium series has been established at the NSLS to give 
staff and users an opportunity to hear about cutting-edge synchrotron 
research that is performed worldwide. Upcoming seminars are now 
listed on the NSLS homepage for easy access to the schedule. In addi-
tion to these activities, the NSLS staff has been helping the BNL 
Center for Functional Nanomaterials (CFN) establish and launch a 
CFN user program, exploring ways to coordinate the NSLS and CFN 
user programs.  

Figure 2. Three of the new 32-channel 
custom integrated circuits bonded 
to 96 silicon diode detectors. This 
configuration provides <250 eV resolution 
at 4 microseconds shaping time, or a 
count rate of >100 kHz per element at 0.5 
microseconds shaping time.
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User Administration Report
Mary Anne Corwin
USER ADMINISTRATION HEAD

User Statistics
During the past year, 2206 badged users performed experiments at the 
NSLS, almost a third of them (681 users) for the first time.

For users who conducted experiments at the NSLS facility during the 
year, 31% indicated their primary field of research as materials sciences, 
37% as life sciences, 8% chemical sciences, 9% geosciences and ecology, 
10% applied science and engineering, and 5% optical/nuclear/general 
physics.

While the number of users in particular fields of science is indicative of 
who is using the facility, it does not show how the facility is used. Since 
1999, the NSLS has reported statistical data based on actual usage of 
the facility. This information is extracted from beam time used by each 
of the 1145 experiments performed in FY03. This year, nearly 42% of 
the beam time used was utilized by experiments conducted in the field 
of materials sciences. The remaining beam time was utilized by biologi-
cal and life sciences (18%), physics, except condensed matter (4%), 
chemistry excluding materials chemistry (5%), polymers (3%), medical 
applications (2%), earth sciences (6%), environmental sciences (4%), 
optics (3%), engineering (3%), instrumentation (5%), particle accelera-
tor R&D (1%), radiation source R&D (2%), and other (1%). The pri-
mary difference in the number of users versus the amount of beam time 
utilized for a given field of research is explained by the fact that materials 
sciences experiments utilize considerably more beam time than other 
experiments. This is particularly true for experiments in the biological/
life sciences. In addition, there are generally a lower number of experi-
menters utilizing the facility for materials experiments than there are for 
biological/life sciences experiments.

The primary source of user funding can also be determined based on 
beam time usage at the facility. During FY03, experiments funded by 
the Department of Energy’s Office of Basic Energy Sciences (DOE/BES) 
within the Office of Science utilized 33% of the facility’s beam time. 
Other programs in the DOE complex utilized an additional 7% of 
the beam time. Facility usage by other primary sources of user support 
included NSF (16%), NIH (11%), and Industry (10%). 

More than 67% of our users are affiliated with U.S. and foreign academ-
ic institutions. Other affiliations include BNL employees who are facility 
users (11%), other DOE contractor employees (2%), other federal agen-
cies (5%), industry (7%), and other (8%).

The 2206 users who visited our facility in FY03 are affiliated with 376 
unique U.S. and foreign institutions, including 233 academic institu-
tions, 65 industrial institutions, 24 federal government agencies, 25 
non-governmental laboratories, and 29 other institutions.

Faculty members at universities or colleges, professional staff and 
scientists at private, and national or industrial laboratories account for 
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the greatest population of users (38%), followed by graduate students 
(33%), postdoctoral research associates (19%), undergraduate students 
(5%), and retired, self-employed, or other (4%).

Users come to the NSLS from around the globe. Though half are citi-
zens of other countries, only 13% of all our users physically arrive from 
outside the U.S. to perform research here at the NSLS. All others are 
affiliated with a U.S. institution. About 36% arrive from New 
York institutions and another 27% are affiliated with institu-
tions in the northeast. Our remaining users come from U.S. 
institutions outside of the northeast.

Security Compliance
A laboratory directive was issued in FY03 requiring strict ad-
herence to DOE Notice 142.1 pertaining to requirements for 
unclassified visits, assignments, and activities by foreign nation-
als to DOE facilities. Our users were subsequently notified of 
new site access policies and requirements. Though the NSLS 
had hoped to see little disruption in our programs and use of 
the facility, we found that many users encountered problems 
accessing the site and others were required to leave BNL until appropri-
ate documentation and/or approvals were secured. The most common 
problems experienced by our users are detailed below. The number of 
occurrences has decreased quite a bit over the last year, but there are still 
two or three users each month experiencing considerable delays.

Visa Problems: Upon entering the U.S., a user possessed appropriate pa-
perwork for a work visa, but Immigration incorrectly issued documenta-
tion pertaining to a tourist visa. The user arrived at User Administra-
tion the same day but could not finalize the appointment. The process 
required that the user return to the airport within 24 hours of entry to 
correct the documentation. Unfortunately, if the documents are not cor-
rected within 24 hours, the user is unable to work at BNL.

Approval Lead Time: A scientist from a northeastern university ar-
rived at BNL after submitting the online registration form less than one 
week earlier. The form indicated an arrival date five days later. More 
than eight reviews are required before approval is granted and, at times, 
the process can take up to 45 days. User Administration immediately 
notified the scientist that he could not access the site until approval was 
granted. Disregarding the information, the scientist arrived the fol-
lowing weekend expecting to begin his experiment. After learning that 
access to the facility could not be granted, he returned to the university.

Appointment Renewals: A Ph.D. from a local institution arrived at 
BNL with an expired BNL identification badge without having submit-
ted the registration form requesting an extension to his appointment. 
The user was required to leave the BNL site until his extension was 
requested and approval had been granted. A review of his file indicated 
he was previously notified that his appointment was terminated and was 
provided instructions on how to extend his appointment.

Visa Status: Although users receive two-year appointments, their 
termination date may extend beyond their visa expiration date. When 
that date arrives, the next time the user enters the main gate at BNL, the 
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badge scanning system will display a “yellow” light indicating that the 
user’s passport and/or visa are out of status. One of our guest scientists 
arrived at BNL with a valid appointment and valid BNL identification 
badge. The badge scanned “yellow” and the guard advised the user to 
check in at User Administration to update his visa information. Once 
entered, the scanning system will display a “green” light. However, the 
user’s documentation was at home, more than 200 miles away, and he 
was required to leave BNL until the documentation could be 
presented.

Escorting at the NSLS and Open to the Public Events: 
Historically, the NSLS has permitted non-users to be escorted 
onto the experimental floor provided certain safety require-
ments have been met. With the lab’s new directive to come 
into compliance with DOE Order 142.1, changes took place 
in laboratory accessibility and escorting procedures, and with 
regard to “open to the public” events, especially for our foreign 
national users and visitors. 

BNL management has indicated that foreign nationals attend-
ing “open to the public” events may tour other facilities while 
on site provided the tour is part of the event (not a separate event). 
There is no provision to permit a foreign national to be escorted onto 
the NSLS experimental floor unless the visitor (1) has a valid BNL ID 
badge, (2) is attending an “open to the public” event that specifically in-
cludes a tour of the experimental floor, or (3) has registered in the BNL’s 
Guest Information System and their appointment and record have been 
activated. Additionally, foreign nationals performing any type of work 
or observing experiments at the NSLS must register and receive approval 
prior to arrival.

I would like to thank our users for their cooperation in helping the 
NSLS to maintain compliance with DOE requirements. Please contact 
our office at (631) 344-8737 with any questions.
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Safety Report
Bob Casey
ASSOCIATE CHAIR FOR ESH

Organization and Mission
Environmental, Safety, and Health (ESH) performance within the NSLS 
and at BNL in general remains an important issue for all NSLS staff, 
PRT members, and general users. The Annual Report provides an excel-
lent opportunity to comment on past ESH performance and important 
changes in program requirements, and to identify issues that will be of 
importance in the year ahead. 

2003 Activities
Calendar year 2003 was particularly dynamic for ESH in a number of 
important areas:

ESH Responsibilities of PRT Members and Beamline Staff: The 
ESH responsibilities of PRT members, beamline staff members, and 
investigators/users were better defined in 2003 to ensure that roles were 
clearly understood by all. A summary of the roles and responsibilities can 
be found at: http://www.nsls.bnl.gov/organization/ESH/safety/r2a2.htm.

Training: There has been a major emphasis at BNL on training for all 
staff members and guests. This year we increased the previous training 
requirements for resident beamline staff and users routinely present at 
the NSLS to provide a more detailed understanding of ESH require-
ments that are applicable to common situations in our work place.  
These training requirements can be found at: http://www.nsls.bnl.gov/
training/Requirements/Resident-User-Training.htm. Training for our short-
term users can be found at: http://www.nsls.bnl.gov/training/Requirements/
User-Training.htm and is unchanged from previous years.

Work Planning: Work planning is the process for evaluating work to 
ensure identification of hazards and the establishment of appropriate 
controls. The work planning process for experimental research at the 
NSLS has worked well for many years and is implemented through the 
Safety Approval Form (http://130.199.76.84/safety/default.asp) process.  
Work at the beamlines, however, can involve beamline staff in routine 
activities that are not reviewed as a part of the SAF process (e.g. day-
to-day work in maintaining a beamline, and modifications or additions 
to beamline components). Work planning requirements were revised 
this year to capture these type of activities and are identified at http://
www.nsls.bnl.gov/newsroom/publications/manuals/eshguide/D. The require-
ments are graded based on the level of training of beamline staff. More 
detailed NSLS guidance may be obtained at: http://www.nsls.bnl.gov/
newsroom/publications/manuals/prm/LS-ESH-PRM-1.3.5a.html and http:
//www.nsls.bnl.gov/newsroom/publications/manuals/prm/LS-ESH-PRM-
1.3.6.html.

TLD Requirements for Access to the Experimental Floor: The require-
ments for wearing a TLD while working on the experimental floor were 
relaxed this year for many of our short-term users. Only users routinely 
working at the NSLS throughout the year, or those who fall into special 
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categories (e.g. working with radioactive materials, women with declared 
pregnancies, minors, or those working in the Bldg. 729 Controlled Area) 
are required to wear a TLD. Details of the new requirements can be 
found at: http://www.nsls.bnl.gov/organization/ESH/temp/tldchange.htm. 
It is very important to note that training requirements for access to the 
floor remain the same as previous years.

Laser Use: A serious eye injury occurred to a graduate student work-
ing in a different department at BNL when he inadvertently exposed 
himself to a high power laser. All laser use at BNL was suspended by the 
Laboratory Deputy Director pending a review to confirm that practices 
with each laser complied with the requirements of the BNL Standard for 
Lasers (https://sbms.bnl.gov/standard/2g/2g00t011.htm). All lasers at the 
NSLS were eventually restarted, but extensive stoppages were experi-
enced. All users who plan to bring or use existing lasers should anticipate 
detailed reviews and contact the NSLS Safety Officer well in advance 
of arrival. Users of Class 3b/4 lasers must prepare written procedures, 
receive additional training, and complete a medical eye examination 
prior to use of the laser. These requirements are time consuming. When-
ever possible, use of lower power lasers (i.e. Class 2 or 3a) will greatly 
simplify review requirements. Use of any laser in an experiment must 
be described in the Safety Approval Form (http://130.199.76.84/safety/
default.asp). Additional NSLS guidance may be obtained at:
http://www.nsls.bnl.gov/newsroom/publications/manuals/prm/LS-ESH-
PRM-2.3.1.html (Laser Safety Program Requirements).

Conclusion: The user community has responded well to the high level 
of expectations for safety performance at the NSLS. Prominent and high 
level presentations were made at the Annual Users’ Meeting, and safety 
is a topic at every Town Meeting. On the other hand, we have had our 
share of problems, and the BNL Director and the head of the DOE 
Office of Science have stated on several occasions that science carried 
out in an unsafe environment will not be supported. It is important for 
everyone to understand that a safe environment is much more than just 
an injury-or incident-free environment - positive attitudes and compli-
ance with requirements are equally important.

I think our ESH program continues to be strong, and the improvements 
of the past year will serve us well. We need a successful safety program, 
and that requires ongoing awareness, involvement, and commitment 
from everyone. One incident or injury can quickly over-ride and out-
shine many successes. Whether at your home institution or at the NSLS, 
keep an eye on the workplace and your co-workers. Make sure that all 
requirements are respected and that work is conducted safely.  We all 
have a stake in safety performance.

Please let me know if you have any comments or suggestions.

Lost time injuries per year since 1997. 
In 2004, we are striving for zero injuries.
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Building Administration Report
Gerry Van Derlaske
NSLS BUILDING MANAGER

The new mini-gap undulator, sextupole repair, the installation of the 
x-ray radio-frequency circulator, the continuing construction of cutting-
edge beamlines, and the announcement that one of our users received 
the Nobel Prize in Chemistry for his NSLS research – It has been more 
than twenty years since the first operational beamlines were commis-
sioned here, and, due to the efforts of many individuals and multiple 
service and support groups, the future of the NSLS is as bright as ever. 

Safety and security issues remain at the forefront of daily operations, and 
facility improvements range from the physical plant infrastructure to a 
new user network outside of the current BNL firewall. Various beamline 
and ring upgrades have been fully commissioned and additions to the 
NSLS scientific staff have made for a very productive and interesting 
year. 

Safety: 
NSLS staff and users are reminded that working safely is a top priority 
at BNL. In accordance with this basic principal, the past year saw the 
introduction of new work planning elements for scientists and techni-
cians. Work planning and control procedures require that work being 
performed at the NSLS above the “skill of the craft” level be reviewed 
by the appropriate subject matter experts and scheduled accordingly 
through available resources. Meetings are held weekly, or as needed in 
emergency cases, to review, approve, and authorize work that does not 
fall within this “skill of the craft” category. Using a graduated approach 
for hazard determinations, formal work permits will be issued for work 
deemed hazardous. Users and staff should contact the building man-
ager with any questions pertaining to whether a formal work permit is 
required.

In October, the entire laboratory underwent a full OSHA walk-through 
inspection. Teams of OSHA personnel, from all areas of expertise and 
backgrounds in industrial safety, toured virtually every building at BNL. 
The NSLS fared reasonably well, receiving 61 citations, compared with 
some several thousand lab-wide. Many of the NSLS citations were cor-
rected prior to this article, and we are tracking the few remaining open 
items. Our target goal remains set at zero citations in the future. The 
NSLS safety teams, paired with Tier 1 inspections, experimental reviews, 
and the work planning and control process, manage one of the busiest 
user facilities in the world and have the resources to achieve this objec-
tive. Accordingly, everyone must continue to intervene and act appropri-
ately if observing any unsafe conditions.

Security:
This year, America has cycled between the Code Yellow (elevated) and 
Code Orange (high) terrorism awareness levels. We therefore ask every-
one to be constantly vigilant when performing common, everyday tasks 
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at the NSLS. For example, lock your parked vehicle and do not leave it 
in the parking lot for long periods of time when you are absent from the 
NSLS. Do not leave your packages unattended, even for a few moments. 
There have been several instances of items found unattended and un-
identified in the following areas: the main lobby, the entrance vestibule, 
and the drop-off zone inside the circular driveway of building 725. We 
urge all personnel to follow security measures when entering both BNL 
and the NSLS. Vehicle inspections at all gates leading 
off-site have increased, and the Department of Energy 
requires that all non-expendable property at BNL have 
bar codes or property tags affixed to indicate ownership. 
These tags are available free of charge from the NSLS 
stockroom.

While transparent to the casual observer, behind-the-
scene work by many employees continues to provide our 
staff and users with a very safe and secure workplace. 
Again, we extend our gratitude to everyone for their 
patience and cooperation in conforming to the newly-
implemented rules and regulations.

Facility Upgrades:
New furniture, complimented by matching NSLS logo rugs, has been 
installed in the main lobby. Additionally, a satellite dish network was in-
stalled to feed the LCD projection monitor video wall and second floor 
conference rooms with a commercial signal that can provide live feeds to 
the NSLS community. The NSLS building manager will be the point of 
contact for submitting requests to activate the signal for viewing during 
evening and weekend hours. For special occasions or events, requests for 
viewing sporting events and educational, cultural, and informative pro-
gramming can be sent to the chairman through the building manager 
for review and approval.

The RF penthouse air conditioning upgrade increased output cooling, 
reducing the heat load onto working power supplies and virtually elimi-
nating power supply trips on hot summer days. All experimental floor 
steam re-heat coils located within the AC duct works were cleaned and 
serviced, providing better flow through ventilation. Due to the cleaning 
process, heat and air conditioning delivery is expected to become more 
stable. 

Special maintenance funding from Plant Engineering provided the 
necessary resources to install replacement wall-to-wall carpeting in 
the seminar room, directorate wing hallway, and conference room A. 
Maintenance crews refurbished the restroom in building 726 and ap-
plied fresh coats of paint to many areas of building 725. The roof over 
MER 2, as well as the pitch pockets and galvanized trays surrounding 
the power feeders near the RF penthouse, were sealed and subjected to 
various proof tests during the summer downpours. The remaining areas 
of suspected roof leaks are now marked for repair once the winter freeze/
thaw cycles have ended.

As requested by users utilizing very sensitive detector equipment, the 
two-ton stock room overhead crane was modified with an infinitely-

Some of the many talented members of the 
NSLS Plant Engineering Support Staff, Work 
Control Coordinators, and Facility Support/
Work Planning Team, who work together to 
keep the facility safe and sound.
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variable speed controller. This allows for extremely smooth vertical lifts, 
making the positioning of delicate equipment more precise and opera-
tor-friendly. 

The nslsusers.org network is up and fully operational. This network 
provides users with an option to route connections to the World Wide 
Web without passing through the BNL firewall. Wireless access points 
(WAP’s) are activated in conference and seminar rooms located on the 
second floor of 725.

Office Space/Storage:
Available NSLS user office space in building 535 has been completely 
allocated. Occupants previously located in buildings 510E, 129, 728, 
and the NSLS trailer park are now settled into nicely-appointed areas 
of the instrumentation facility. A notable occurrence is the relocation of 
the NSLS Controls and Detector Group, headed by Peter Siddons. The 
close proximity of this group to the specialists located within the Instru-
mentation Division makes for excellent idea-sharing while developing 
prototype devices and designing layouts for PC boards.

An all-inclusive undertaking to visually account for items being stored 
by both staff and users took place during the first quarter of the new fis-
cal year. A very good response ratio from the user community was com-
piled, along with a 100% physical inventory account rate from targeted 
NSLS sections.  

Conclusion:
The NSLS continues to thrive in today’s environment by relying on tal-
ented and dedicated individuals from within the department and across 
the laboratory, providing our Users with high quality, reliable beam 
time. The NSLS remains a world-class research center, often referred 
to as a jewel amongst DOE facilities. In closing, I wish to extend my 
thanks to everyone who assists in the daily operations and maintenance 
of all the facilities within the NSLS complex. 

Stockroom Upgrade 
DONNA BUCKLEY 

BUDGET/ADMINISTRATION

The NSLS Stockroom database has 
recently been upgraded from a 
dated “Rbase” system into one using 
a Visual Basic and Oracle database. 
New barcode scanners have also 
been incorporated, allowing custom-
ers to easily scan their BNL ID badge 
for their life/guest number and their 
default project/activity number. The 
new system is user friendly and makes 
withdrawals faster and easier.

The number of NSLS stock items has 
increased over the past few years and 
continues to do so, due to changes 
in the BNL main stockroom and the 
reduction in the number of credit cards 
issued at BNL. Please remember to fill 
out the “Request For Additional NSLS 
Stockroom Inventory” forms located in 
the stockroom, with any suggestions 
for items to be stocked. All suggestions 
are presented to and considered by the 
NSLS Stockroom Committee.
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Operations and Engineering Division Report
Erik D. Johnson
ASSOCIATE CHAIR FOR OPERATIONS AND ENGINEERING

Organization and Mission
The largest of the NSLS Divisions, Operations and Engineering consists 
of three sections: Operations, which is led by Richard Heese, Electrical 
Systems, led by Richard Biscardi, and Mechanical Engineering, led by 
Ed Haas. The mission of our division falls into three main areas:

• Operation of the NSLS 24 hours a day, 7 days a week, an average of 
44 weeks a year.
• Design, fabrication, and maintenance of the NSLS accelerators and 
utilities, including upgrades and modifications to meet changing needs.
• Engineering and technical support for the other NSLS divisions and 
the NSLS user community.  

As the department continues to emphasize beamline operations, we are 
increasingly relying upon a department-wide matrixed management 
approach:  The Operations and Engineering Division (OED) draws 
resources from other divisions to support operations, and we provide 
special expertise to support development for other divisions.

2003 ActivitiesThis report provides a transition to reporting activities by 
the calendar year. Hence, three major shutdowns are included as well as 
operations throughout the year. Operational performance statistics will 
continue to be reported on a fiscal year basis. An overview of machine 
performance for Fiscal Year 2003 is provided in section 6, ‘Facility Facts 
and Figures.’

X29: A series of major installation tasks spanning several shutdowns 
revolved around the development of an insertion device based program 
at beamline X29. A new ring vacuum chamber for an insertion device 
beamline had previously been installed in the x-ray ring. During De-
cember 2002, our third new RF cavity was installed in the X29 straight 
section. With this installation, two new cavities reside in the straight, 
providing space for the installation of a Mini Gap Undulator (MGU), 
identical to that already in service at X13. Shield wall modifications were 
also made during the December 2002 shutdown that allowed construc-
tion of the beamline on the floor to commence.

During the May 2003 shutdown, the MGU itself was moved into place 
between the RF cavities. The installation of the MGU controls, active 
interlock electronics, and beamline front-end was completed in the 
December 2003 shutdown, with commissioning starting in January of 
2004. The X29 MGU project exercised the ‘matrix organization’ con-
cept to the fullest, as its success depended upon significant contributions 
from every NSLS division and the collaboration building the beamline.  
While X29 was a major activity for the OED, it is an achievement for 
the entire NSLS.

NSLS-II: A major initiative for the NSLS community, NSLS-II has 
been a high priority for the department throughout the year.  The OED 
has contributed primarily through the development of engineering 
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conceptual designs, project schedules, and cost estimates to meet the 
requirements established by the User Science and Accelerator Divisions.

Surprises and Triage: Nearly every parameter of the NSLS has been 
expanded beyond its original design goals. Careful evaluation of changes 
as well as diligent maintenance of the machines has allowed our user 
community to enjoy a very high degree of reliability. However, as the 
machine ages, problems do crop up, and 2003 seemed to be a bumper 
year for surprises.   

On the X-ray ring, the increase in operating energy to 2.8 GeV and the 
implementation of the high brightness optical configuration required 
the current of the defocusing string of sextupole magnets to be raised 
from 500 amperes to over 800 amps. This almost tripled the power dis-
sipated in the magnet string. The change was carefully evaluated before 
it was instituted several years ago, but it was known that the magnets 
would become more sensitive to flow disruptions. Coming out of the 
December 2003 shutdown, we experienced a failure of a coil in one of 
the magnets in the string. This particular magnet is buried within the 
LEGS area of the machine, making it both a ‘one of a kind’ and very 
difficult to access. Removing and repairing the magnet took nearly two 
weeks, cutting significantly into January 2003 operations. Later in the 
year, another magnet in the same string started overheating, although it 
did not fail. In the December 2003 shutdown, during preparations to 
replace the magnet, a blockage was discovered (and removed) from the 
magnet buss work, alleviating the overheating. 

Various vacuum problems also contributed to operational headaches 
in 2003. In the month running up to the May 2003 shutdown, a 
small leak developed in a stripline monitor in the X-ray ring, causing 
a reduced beam lifetime, which led us to start the shutdown two days 
early.  The leak was successfully repaired during the shutdown. During 
the summer, we also had a user vacuum venting accident and a leak in 
an ion pump feedthrough. It failed when it was sprayed by a fine mist 
of water from a pinhole leak in the body of a brass fitting four feet away 
that had been in place for over 15 years!  

This also happened to be the year of the Northeast black out in August, 
causing nearly three days of X-ray operations downtime. This year the 
‘unusual’ problems on the X-ray ring accounted for more than 12 days 
of down time, with just over six days due to the more typical operations 
problems. Overall, for fiscal year 2003, machine reliability was 89% for 
X-ray, although UV reliability remained high at 98%.

These very visible events tend to overshadow the failures that didn’t hap-
pen because of the vigilance of the staff that maintains and repairs the 
machines out of the sight of the user community. Examples include the 
repair of the U14 water cooled mask during the May 2003 shutdown, 
the U4IR mirror rebuild during the December 2003 shutdown, and the 
upgrade of the X17 wiggler controls in December 2003.   Magnet power 
systems, injection control, and diagnostic systems were also upgraded 
without fanfare; these are all systems that are essential to maintain-
ing the performance and reliability of the NSLS. As we look forward 
to NSLS-II, the staff of the OED is prepared to meet the challenge of 
keeping the current NSLS performing at its best for another decade.

The new MGU between the RF cavities in
the X29 straight section.
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Accelerators Report
James Murphy
ASSOCIATE CHAIR FOR ACCELERATORS

Organization and Mission
The NSLS Accelerator Division (AD) was established in late 2001 
through the reorganization of the NSLS and is headed by James B. 
Murphy. The division is organized into two sections: the Linear Accel-
erator (Linac) Section, headed by Xijie Wang, and the Storage Ring & 
Insertion Device Section, headed by Boris Podobedov. The staff consists 
of eight accelerator physicists, two engineers, three technicians, and two 
postdocs.

The NSLS Accelerator Division (AD) has a four-part mission: 

• To ensure the quality of the electron beam in the existing NSLS 
booster, linear accelerator, and x-ray and vacuum ultraviolet (VUV) 
storage rings
• To operate the deep ultraviolet free electron laser (DUV-FEL) and  
Magnet Measurement facilities
• To participate in the NSLS-II project
• To perform fundamental research and development in accelerator  
and free electron laser physics

2003 Activities
NSLS-II: A major activity of the AD staff was the initial design of the 
new storage ring source for the NSLS-II project. The AD staff worked 
in conjunction with the other divisions of the NSLS to develop the 
machine concept for an ultra-high brightness (~1021) 3 GeV electron 
storage ring design. The preliminary design is based on a 24-cell triple 
bend achromat lattice with a horizontal emittance in the range of 1.5 
nm (Figure 1). Such a ring would more than triple the number of inser-
tion devices available to the user community and provide 10,000 times 
higher brightness. A machine advisory committee was established to 
provide feedback on the machine design.

Storage Rings: Significant effort by the AD staff went into studying 
how the installation of more Mini Gap Undulators (MGU) in the x-ray 
ring would affect accelerator performance. In particular, MGUs may 
limit the beam current due to various collective effects induced by the 
strong impedance of the mini-gap chamber and transitions. The recent 
installation of the X29 MGU chamber gave us an opportunity to mea-
sure and compare some of these effects before and after the installation. 
While we did observe increased betatron tuneshifts with current at low 
energy, fortunately the increase turned out to be quite small and should 
not hinder operations. Single bunch currents of up to 125 mA are still 
possible, with the (administrative) limit set due to heat in vacuum 
chamber components unrelated to MGUs. We are also numerically 
calculating the impedance of the MGU chamber with electromagnetic 
field simulators. These studies should also provide valuable insights into 
the possible effect of MGUs on the future performance of the NSLS-II 
storage ring. 
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Another area of activity emphasized improvements to the storage ring 
lattices of the X-ray and VUV rings. The LOCO code, originally devel-
oped at the NSLS by James Safranek, allows calibrating and correcting 
the ring lattice from the measured beam response matrix. With James' 
help, a new, more powerful MATLAB-based version of this code was 
extensively debugged at the NSLS last year and is now used for both 
rings. This work has also shown some limitations of our existing diag-
nostics and resulted in the installation of new Hall probes 
into some of the X-ray ring magnets. 

Other work on the VUV ring included setting up shorter 
electron bunch configurations for time-resolved experiments 
as requested by the IR users. The challenge is to get a stable 
configuration of the ring lattice and RF system (with the 
harmonic cavity set for compression) that produces short 
bunches at substantial beam currents. Bunch lengths on the 
order of 400 ps FWHM with ~100 mA/bunch have been 
achieved. Work is continuing on yet another challenging 
configuration that produces mm-scale periodic ~10 Hz 
orbit motion at beamline U4IR while keeping stable orbit 
throughout the rest of the ring. This motion fills the very-
far IR spectral gaps that are produced by the interference between the di-
rect synchrotron radiation and (orbit-dependent) reflections off the walls 
of the vacuum chamber. To provide for the very localized orbit distor-
tion, we are reconfiguring the VUV ring digital orbit feedback system.

Magnetic Measurement Lab: Early in FY 2003, a second in-vacuum, 
mini-gap undulator (designated MGU-29) was assembled, measured, 
and magnetically shimmed to minimize magnetic field errors and to 
optimize its spectral performance. The Mechanical Group installed it 
in the X-ray ring in the space between a pair of accelerating cavities in 
the X29 straight section. The magnet gap was left open to temporar-
ily reduce the x-ray output to a negligible amount pending installation 
of front-end and optical components of the new NIH-funded protein 
crystallography beamline. These components were installed in the winter 
2003-04 shutdown.

An FY 2002 design study to replace the aging X1 soft x-ray undulator 
identified several options that were presented to the X1 users and User 
Science Division staff. The preferred option was a pair of 1.4 m long 
undulators in tandem, canted to produce two photon beams, separated 
by about 1 milliradian, serving beamlines X1A and X1B independently, 
with independent control of each device by the respective users. One 
device would be a variable-polarization undulator, the other a planar 
one. However, this solution was predicated on a significant reduction of 
the height of the vacuum chamber in these devices. To verify the impact 
of a reduced chamber height on machine operations, particularly during 
injection, and to determine the minimum allowed vertical aperture in 
the new undulators, we decided to experimentally simulate the reduced 
aperture. A motorized beam scraper assembly was refurbished and in-
stalled in a chamber to be shared with an existing photon absorber, just 
upstream of the MGU-13 in-vacuum undulator. The combination of 
the variable-gap MGU-13 in the center of the straight and the scraper, 
approximately one meter upstream, will allow the characterization of 

Figure 1. Storage ring lattice functions for 
the preliminary design of the NSLS-II ring 
(β

x
 in black, β

y
 in red and D

x
 in green).
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the vertical beam profile in a typical straight section under all operating 
conditions. This scraper assembly was installed during the December 
2003 shutdown.

As an important part of our efforts to develop a superconducting 
undulator (SCU), a state-of-the-art SCU measurement apparatus was 
designed by the Magnetic Measurement and Mechanical Engineering 
staff, and is now under construction (Figure 2). It is designed to per-
form both magnetic and calorimetric measurements on SCU models up 
to about 0.4 m in length, cooled either by immersion in liquid helium 
(LHe) or by conduction. Three independently instrumented helium 
channels will allow detailed calorimetric measurement of both the SCU 
magnet windings and the beampipe under various thermal conditions, 
including simulated beam heating. A motorized, multi-element Hall 
sensor assembly for detailed magnetic field mapping has been con-
structed and bench-tested. The Hall sensors will be calibrated off-line 
against an NMR standard in a laboratory magnet, both at room tem-
perature and at 77K in a liquid nitrogen bath. A small superconducting 
magnet within the cryostat will also permit in-situ calibration checks of 
the sensors at 4K. The Hall probe mapper will be interchangeable with a 
stretched wire sensor, instrumented to operate in either the pulsed-wire 
or vibrating-wire mode, and will provide complementary measurements 
of field errors, trajectory errors, and integrated field errors.

Together with the BNL Magnet Division, we plan to develop a SCU 
design using advanced “APC-type” NbTi superconductors, which can 
operate at higher currents and fields than conventional NbTi. We also 
plan to investigate a means of correcting phase errors in SCU’s, critical 
for achieving high brightness at high harmonics for full coverage of the 
2-20 keV photon range.

An improved magnetic design was developed for a new in-vacuum 
undulator to replace the aging X25 wiggler. The new device, desig-
nated “MGU-25,” will be one meter long with an 18 mm period and 
a minimum gap of 5.6 mm, and will cover 1.9 – 20 keV, using the 
fundamental, 2nd (present due to the rather high emittance), 3rd, 5th, and 
7th harmonics. The latest NdFeB materials with higher remanent field 
and very high intrinsic coercivity will be used to maximize the tuning 
range. The Mechanical Engineering group designed a longer vacuum 
chamber and a “twin-tower” support structure derived from the success-
ful “single-tower” and chamber designs used in MGU-13 and MGU-29. 
A make-or-buy decision, development of detailed specifications, and 
procurement of just the magnets or the complete undulator are expected 
in FY 2004.

We continued our collaboration with A. Temnykh of Cornell in devel-
opmenting a vibrating-wire magnetic probe for use in small-gap undu-
lators. This technique will be adapted for insertion into the SCU test 
apparatus described above. Magnetic Measurement staff also supported 
the Cascaded High-Gain Harmonic Generation X-ray FEL proposal 
by modeling and developing wiggler designs for the five modulator and 
amplifier stages. Magnetic Measurement staff contributed to the de-
velopment of the NSLS-II lattice design via 3D magnetic modeling of 
candidate magnet designs, such as combined-function gradient dipole 
electromagnets and permanent magnet-driven gradient dipoles. 

Figure 2. Vertical Test Facility for magnetic 
measurements of future superconducting 
undulators.
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DUV-FEL:  The Deep Ultra Violet Free Electron Laser (DUV-FEL) 
provides unique capabilities to the NSLS user community. The ac-
celerator system of the DUV-FEL consists of a 1.6-cell BNL photo 
injector driven by a Ti:Sapphire laser system, and a four section 2856 
MHz SLAC-type traveling wave linac capable of producing a 200 MeV 
electron beam. The magnetic chicane bunch compressor at the DUV-
FEL produces sub picosecond (ps) long electron bunches with a peak 
current of a few hundred amperes. The high brightness electron beam 
transits the 10 meter long NISUS undulator to generate UV light with a 
fundamental wavelength of 266 nanometers (nm).

In FY03, the DUV-FEL achieved a unique mode of operation known as 
High Gain Harmonic Generation (HGHG), whereby the electron beam 
is energy modulated with the Ti:Sapphire laser at 800 nm, the energy 
modulation is converting into spatial bunching in a dispersive magnet, 
and then the bunched electron beam radiates coherently at 266 nm in 
the NISUS undulator.

After successfully lasing at 266 nm with the 800 nm laser seeding, ex-
periments were carried out at the DUV-FEL to further characterize the 
properties of the HGHG FEL, and to demonstrate its stability and con-
trollability. The narrower spectrum and better stability of HGHG com-
pared to a SASE FEL were observed (Figure 3). Both the second and 
the third harmonic of the HGHG FEL radiation were experimentally 
characterized using a vacuum monochromator. The pulse energy for 
both harmonics (133 and 89 nm) was measured to be about 1 µJ, which 
is about 1% of the fundamental at 266 nm. A two-photon absorption 
auto-correlator with 100 fs resolution was developed to characterize the 
HGHG output pulse length. It was experimentally demonstrated that 
the HGHG output pulse length can be controlled using the seed laser 
from a picosecond down to 250 fs (FWHM). Experiments to investigate 
a chirped HGHG FEL were also initialized in 2003. Preliminary results 
are very promising, and the chirped FEL could lead to even shorter 
pulses of HGHG output.

One of the most important milestones in the last year at the DUV-FEL 
is the initialization and completion of the first DUV-FEL user experi-
ment by Arthur Suits and his collaborators from the BNL Chemistry 
Department. The first chemical science experiment – ion pair imaging 
– used the third harmonic (89 nm) of the HGHG output to study the 
super excited states of methyl fluoride. Velocity mapped ion images of 
the fluoride ion, obtained with excitation via intense, coherent, sub-pi-
cosecond pulses of 86-89 nm radiation, reveal low translational energy, 
implying very high internal excitation in the methyl cation cofragment 
(Figure 4). The report on this experiment has been published in Physi-
cal Review Letters. To advance the user science program at the DUV-
FEL, the NSLS hosted a very productive chemical science user work-
shop in July 2003.

There is increasing interest in high intensity THz radiation because of 
its potential applications in homeland security and material characteriza-
tion. Two experiments were performed at the DUV-FEL to explore the 
possibility of using the bright electron beam to generate coherent THz 
radiation. In the first experiment, the electron beam with a sub-mm 
modulation was produced via temporal modulation of the photoinjec-

Figure 3. Experimental comparison between 
unsaturated Self Amplified Spontaneous 
Emission (SASE) and High Gain Harmonic 
Generation (HGHG) spectra.



5-8 NSLS ACTIVITY REPORT FACILITY REPORT    5-9 

tor drive laser. The spatially modulated electron beam then is used to 
generate coherent THz radiation. Pulses in excess of 80 µJ of coherent 
THz radiation, using a transition radiation mechanism, were measured 
in the second experiment using sub-picosecond electron bunches con-
taining about 0.7 nano-coulombs of charge. This intensity is about two 
orders of magnitude higher than the laser-based THz sources, and field 
strengths on the order 500 kV/cm are expected from such an intense 
THz source.

High-brightness electron beam generation and preservation is the key 
to the success of all future linac-based light sources. Investigations 
performed at the DUV-FEL revealed the possibility of strong longitu-
dinal spatial modulation driven by a space-charge oscillation during the 
electron beam bunch compression. Comparison between experiments 
and simulation confirmed the amplification of an existing modulation 
during bunch compression. A femtosecond electron bunch monitor 
based on the electron-optical effect was successfully commissioned at the 
DUV-FEL to study the electron beam longitudinal distribution and the 
timing jitter between the electron beam and the HGHG seed laser. 
Using this technique, the timing jitter between the electron beam and 
the HGHG seed laser was measured to be 150 fs. 

Beam Line Operations and Safety Awareness (BLOSA) training and 
many other procedures were developed at the DUV-FEL to improve ac-
celeration operation and laser safety. 

In September 2003, Dr. L.H. Yu of the NSLS Accelerator Division was 
awarded the 2003 International FEL Prize for his outstanding contri-
butions to “High Gain Free Electron Lasers and High Gain Harmonic 
Generation.”

Figure 4. Ion pair image from the first DUV-
FEL user experiment.
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User Science Report
Chi-Chang Kao
ASSOCIATE CHAIR FOR USER SCIENCE DIVISION

Organization and Mission
The User Science Division coordinates major facility activities related to 
users so that we can be more effective in communicating with the user 
community, strengthen existing scientific programs, foster the growth 
of new scientific programs, and raise the visibility of the exciting sci-
ence produced by our users. The division consists of five sections: User 
Administration (Mary Anne Corwin), 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 Sci-
ence Division and the NSLS user community for 2003 are summarized 
briefly below.

2003 Activities
This year has been eventful for the User Science Division. The year 
began with coordinating the user community in response to a Depart-
ment of Energy /Basic Energy Sciences (DOE/BES) call for proposals to 
“Enhanced Research Capabilities at DOE X-ray and Neutron Facilities.”  
Thanks to the effort of a large number of users and NSLS staff mem-
bers, several major instrumentation proposals were submitted, including 
a new micro-beam x-ray diffraction instrument, an undulator-based 
small angle x-ray scattering beamline, and instrumentation upgrades for 
a number of powder/single crystal diffraction beamlines. Among them, 
the micro-diffraction instrument was funded in 2003, and the small 
angle scattering beamline will be funded in 2004. Both projects will take 
full advantage of the high brightness provided by the in-vacuum small 
gap undulator developed at the NSLS, and will provide two new world-
class capabilities at the NSLS that are particularly important for nanosci-
ence research. In addition, the input from the user community during 
the preparation of these proposals has been extremely valuable and will 
help us serve them better.

We soon turned our attention to working on the NSLS response to the 
DOE/BES “twenty-year facilities roadmap” review, and subsequently the 
science case for the NSLS-II proposal, an ultra-high brightness, medium 
energy storage ring. With the help of a large number of users, we orga-
nized more than a dozen scientific workshops, ranging from life sciences, 
materials/chemical sciences, and nanoscience to earth and environmental 
sciences. These focused workshops were very successful in identifying the 
grand challenges in the individual fields of research, and the impact of 
NSLS-II on them, as well as the technical challenges in the accelerator, 
insertion devices, optics and detectors. More importantly, these work-
shops have clearly demonstrated a great deal of excitement and support 
in the user community about the NSLS-II project.

The year continued with the exciting news that NSLS user Roderick 
MacKinnon from Rockefeller University shared the 2003 Nobel Prize in 
chemistry for his work on ion channel proteins. A very important part of 
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his work, the determination of numerous protein crysal structures, was 
done primarily at the Cornell High Energy Synchrotron Source and the 
NSLS. More good news this year for the NSLS macromolecular crystal-
lography user community came when the BNL Biomedical Technol-
ogy Research Resource for Macromolecular Crystallography, a center 
sponsored by the National Center for Research Resources (NCRR) of 
the National Institutes of Health (NIH), received its renewal funding 
for another five-year period. This supplements another grant sponsored 
by the Department of Energy (DOE) Office of Biological and Envi-
ronmental Research (BER) for the same period. These two grants will 
fund a number of activities, including the support of full-time operation 
of the X25 wiggler beamline, the completion of construction and the 
ensuing commissioning and operation of a new undulator beamline for 
macromolecular crystallography at X29, and a major upgrade of beam-
line X25, which involves the replacement of its wiggler source by a novel 
small-gap undulator source and appropriate beamline optics upgrades to 
take advantage of the properties of the new source.

In between these exciting events, we have also completed a number of 
major beamline construction and upgrade projects:

• X6A beamline construction: A new bending magnet beamline, 
X6A, has been completed and started user operation. The beamline was 
funded by the National Institutes of General Medical Sciences of the 
National Institutes of Health (NIH-NIGMS) to meet the increasing 
demand in protein crystallography.  

• X6B beamline construction: X6B is a new powder/single crystal 
diffraction beamline, designed to perform (1) time-resolved powder 
diffraction experiments, (2) combined x-ray spectroscopy and x-ray dif-
fraction experiments, (3) single crystal diffraction experiments, and (4) 
electron density of excited states.  

• X17 superconducting wiggler beamline upgrade: The upgrade 
involved the construction of two new experimental hutches to allow a 
dedicated hutch for a materials science instrument, a large volume press 
instrument, and a diamond anvil cell instrument. This upgrade will 
significantly increase the amount of beam time available to these user 
communities.

• X19A beamline upgrade: X19A is the premier low-energy x-ray 
beamline at the NSLS and has very high user demand. In 2003, a new 
monochromator was designed and installed to improve the cooling of 
the monochromator crystals. The new design has led to better energy 
and intensity stability of the beamline and ease of beamline operation.

• U5UA beamline upgrade: A refocusing mirror was added to pro-
vide the possibility of providing radiation to a second endstation. The 
focused beam size is on the order of 10 microns, making it ideally suited 
for the planned combined low-energy electron and photoemission mi-
croscopy endstation.

In addition, we have initiated several new beamline upgrade projects 
this year, including the X1A undulator beamline, the X13A elliptical 
polarizing wiggler beamline, the X21 wiggler beamline, and the X27 
microprobe beamline.  The completion of these projects will be very 

Figure 1. Beamline X6A, a new 
macromolecular crystallography beamline 
funded by the National Institutes of General 
Medical Sciences  of the National Institutes 
of Health.
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important for the development of new scientific programs in nanosci-
ence, soft and biomaterials, magnetism, advanced materials growth, and 
environmental science. We are also very fortunate to have seven very 
talented scientific and technical staff joining us this year to take on these 
projects and lead the development of new scientific programs.

There has also been steady progress in the detector development area 
this year. After successful a demonstration last year, several cop-
ies of the fast avalanche photodiode (APD) detector-electronics 
units have been installed at x-ray scattering beamlines. The large-
angle curved gas proportional counter detector for time-resolved 
x-ray powder diffraction has been installed on two beamlines, 
one for testing purposes and the second for a user run. New soft-
ware enabling time-slicing down to the microsecond time scale 
has also been implemented. Finally, several 96-element prototype 
silicon detectors with custom-designed integrated circuits, which 
each parallel-process input from 32 detector elements, are being 
assembled and will be deployed soon.

With the addition of a full-time programmer this year, the 
User Administration office has made significant progress in the 
development of a new online proposal system to integrate proposal 
submission, safety approval, proposal review, beamtime allocation, and 
beamtime scheduling. We appreciate greatly the effort by a large num-
ber of participating research teams (PRTs), users, and NSLS staff, who 
provided valuable input and recommendations throughout the process.  
Testing of the system will begin in 2004.

Finally, we continue to take more immediate steps to enhance user sci-
ence at NSLS. First, a short course on EXAFS data collection and analy-
sis was held again this past summer with the help of many experienced 
users. This hands-on workshop provided both new and experienced 
users with exposure to EXAFS theory, data collection, and analysis.    
Feedback on the EXAFS short course has been so extremely positive 
that it has become an annual event. Second, a regular series of science 
highlight articles is now published on the NSLS website to facilitate the 
dissemination of exciting scientific results obtained at NSLS beamlines 
to the NSLS user community, as well as the wider scientific community.  
Third, a new symposium series has been established at the NSLS to give 
staff and users an opportunity to hear about cutting-edge synchrotron 
research that is performed worldwide. Upcoming seminars are now 
listed on the NSLS homepage for easy access to the schedule. In addi-
tion to these activities, the NSLS staff has been helping the BNL 
Center for Functional Nanomaterials (CFN) establish and launch a 
CFN user program, exploring ways to coordinate the NSLS and CFN 
user programs.  

Figure 2. Three of the new 32-channel 
custom integrated circuits bonded 
to 96 silicon diode detectors. This 
configuration provides <250 eV resolution 
at 4 microseconds shaping time, or a 
count rate of >100 kHz per element at 0.5 
microseconds shaping time.
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User Administration Report
Mary Anne Corwin
USER ADMINISTRATION HEAD

User Statistics
During the past year, 2206 badged users performed experiments at the 
NSLS, almost a third of them (681 users) for the first time.

For users who conducted experiments at the NSLS facility during the 
year, 31% indicated their primary field of research as materials sciences, 
37% as life sciences, 8% chemical sciences, 9% geosciences and ecology, 
10% applied science and engineering, and 5% optical/nuclear/general 
physics.

While the number of users in particular fields of science is indicative of 
who is using the facility, it does not show how the facility is used. Since 
1999, the NSLS has reported statistical data based on actual usage of 
the facility. This information is extracted from beam time used by each 
of the 1145 experiments performed in FY03. This year, nearly 42% of 
the beam time used was utilized by experiments conducted in the field 
of materials sciences. The remaining beam time was utilized by biologi-
cal and life sciences (18%), physics, except condensed matter (4%), 
chemistry excluding materials chemistry (5%), polymers (3%), medical 
applications (2%), earth sciences (6%), environmental sciences (4%), 
optics (3%), engineering (3%), instrumentation (5%), particle accelera-
tor R&D (1%), radiation source R&D (2%), and other (1%). The pri-
mary difference in the number of users versus the amount of beam time 
utilized for a given field of research is explained by the fact that materials 
sciences experiments utilize considerably more beam time than other 
experiments. This is particularly true for experiments in the biological/
life sciences. In addition, there are generally a lower number of experi-
menters utilizing the facility for materials experiments than there are for 
biological/life sciences experiments.

The primary source of user funding can also be determined based on 
beam time usage at the facility. During FY03, experiments funded by 
the Department of Energy’s Office of Basic Energy Sciences (DOE/BES) 
within the Office of Science utilized 33% of the facility’s beam time. 
Other programs in the DOE complex utilized an additional 7% of 
the beam time. Facility usage by other primary sources of user support 
included NSF (16%), NIH (11%), and Industry (10%). 

More than 67% of our users are affiliated with U.S. and foreign academ-
ic institutions. Other affiliations include BNL employees who are facility 
users (11%), other DOE contractor employees (2%), other federal agen-
cies (5%), industry (7%), and other (8%).

The 2206 users who visited our facility in FY03 are affiliated with 376 
unique U.S. and foreign institutions, including 233 academic institu-
tions, 65 industrial institutions, 24 federal government agencies, 25 
non-governmental laboratories, and 29 other institutions.

Faculty members at universities or colleges, professional staff and 
scientists at private, and national or industrial laboratories account for 
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the greatest population of users (38%), followed by graduate students 
(33%), postdoctoral research associates (19%), undergraduate students 
(5%), and retired, self-employed, or other (4%).

Users come to the NSLS from around the globe. Though half are citi-
zens of other countries, only 13% of all our users physically arrive from 
outside the U.S. to perform research here at the NSLS. All others are 
affiliated with a U.S. institution. About 36% arrive from New 
York institutions and another 27% are affiliated with institu-
tions in the northeast. Our remaining users come from U.S. 
institutions outside of the northeast.

Security Compliance
A laboratory directive was issued in FY03 requiring strict ad-
herence to DOE Notice 142.1 pertaining to requirements for 
unclassified visits, assignments, and activities by foreign nation-
als to DOE facilities. Our users were subsequently notified of 
new site access policies and requirements. Though the NSLS 
had hoped to see little disruption in our programs and use of 
the facility, we found that many users encountered problems 
accessing the site and others were required to leave BNL until appropri-
ate documentation and/or approvals were secured. The most common 
problems experienced by our users are detailed below. The number of 
occurrences has decreased quite a bit over the last year, but there are still 
two or three users each month experiencing considerable delays.

Visa Problems: Upon entering the U.S., a user possessed appropriate pa-
perwork for a work visa, but Immigration incorrectly issued documenta-
tion pertaining to a tourist visa. The user arrived at User Administra-
tion the same day but could not finalize the appointment. The process 
required that the user return to the airport within 24 hours of entry to 
correct the documentation. Unfortunately, if the documents are not cor-
rected within 24 hours, the user is unable to work at BNL.

Approval Lead Time: A scientist from a northeastern university ar-
rived at BNL after submitting the online registration form less than one 
week earlier. The form indicated an arrival date five days later. More 
than eight reviews are required before approval is granted and, at times, 
the process can take up to 45 days. User Administration immediately 
notified the scientist that he could not access the site until approval was 
granted. Disregarding the information, the scientist arrived the fol-
lowing weekend expecting to begin his experiment. After learning that 
access to the facility could not be granted, he returned to the university.

Appointment Renewals: A Ph.D. from a local institution arrived at 
BNL with an expired BNL identification badge without having submit-
ted the registration form requesting an extension to his appointment. 
The user was required to leave the BNL site until his extension was 
requested and approval had been granted. A review of his file indicated 
he was previously notified that his appointment was terminated and was 
provided instructions on how to extend his appointment.

Visa Status: Although users receive two-year appointments, their 
termination date may extend beyond their visa expiration date. When 
that date arrives, the next time the user enters the main gate at BNL, the 
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badge scanning system will display a “yellow” light indicating that the 
user’s passport and/or visa are out of status. One of our guest scientists 
arrived at BNL with a valid appointment and valid BNL identification 
badge. The badge scanned “yellow” and the guard advised the user to 
check in at User Administration to update his visa information. Once 
entered, the scanning system will display a “green” light. However, the 
user’s documentation was at home, more than 200 miles away, and he 
was required to leave BNL until the documentation could be 
presented.

Escorting at the NSLS and Open to the Public Events: 
Historically, the NSLS has permitted non-users to be escorted 
onto the experimental floor provided certain safety require-
ments have been met. With the lab’s new directive to come 
into compliance with DOE Order 142.1, changes took place 
in laboratory accessibility and escorting procedures, and with 
regard to “open to the public” events, especially for our foreign 
national users and visitors. 

BNL management has indicated that foreign nationals attend-
ing “open to the public” events may tour other facilities while 
on site provided the tour is part of the event (not a separate event). 
There is no provision to permit a foreign national to be escorted onto 
the NSLS experimental floor unless the visitor (1) has a valid BNL ID 
badge, (2) is attending an “open to the public” event that specifically in-
cludes a tour of the experimental floor, or (3) has registered in the BNL’s 
Guest Information System and their appointment and record have been 
activated. Additionally, foreign nationals performing any type of work 
or observing experiments at the NSLS must register and receive approval 
prior to arrival.

I would like to thank our users for their cooperation in helping the 
NSLS to maintain compliance with DOE requirements. Please contact 
our office at (631) 344-8737 with any questions.
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Safety Report
Bob Casey
ASSOCIATE CHAIR FOR ESH

Organization and Mission
Environmental, Safety, and Health (ESH) performance within the NSLS 
and at BNL in general remains an important issue for all NSLS staff, 
PRT members, and general users. The Annual Report provides an excel-
lent opportunity to comment on past ESH performance and important 
changes in program requirements, and to identify issues that will be of 
importance in the year ahead. 

2003 Activities
Calendar year 2003 was particularly dynamic for ESH in a number of 
important areas:

ESH Responsibilities of PRT Members and Beamline Staff: The 
ESH responsibilities of PRT members, beamline staff members, and 
investigators/users were better defined in 2003 to ensure that roles were 
clearly understood by all. A summary of the roles and responsibilities can 
be found at: http://www.nsls.bnl.gov/organization/ESH/safety/r2a2.htm.

Training: There has been a major emphasis at BNL on training for all 
staff members and guests. This year we increased the previous training 
requirements for resident beamline staff and users routinely present at 
the NSLS to provide a more detailed understanding of ESH require-
ments that are applicable to common situations in our work place.  
These training requirements can be found at: http://www.nsls.bnl.gov/
training/Requirements/Resident-User-Training.htm. Training for our short-
term users can be found at: http://www.nsls.bnl.gov/training/Requirements/
User-Training.htm and is unchanged from previous years.

Work Planning: Work planning is the process for evaluating work to 
ensure identification of hazards and the establishment of appropriate 
controls. The work planning process for experimental research at the 
NSLS has worked well for many years and is implemented through the 
Safety Approval Form (http://130.199.76.84/safety/default.asp) process.  
Work at the beamlines, however, can involve beamline staff in routine 
activities that are not reviewed as a part of the SAF process (e.g. day-
to-day work in maintaining a beamline, and modifications or additions 
to beamline components). Work planning requirements were revised 
this year to capture these type of activities and are identified at http://
www.nsls.bnl.gov/newsroom/publications/manuals/eshguide/D. The require-
ments are graded based on the level of training of beamline staff. More 
detailed NSLS guidance may be obtained at: http://www.nsls.bnl.gov/
newsroom/publications/manuals/prm/LS-ESH-PRM-1.3.5a.html and http:
//www.nsls.bnl.gov/newsroom/publications/manuals/prm/LS-ESH-PRM-
1.3.6.html.

TLD Requirements for Access to the Experimental Floor: The require-
ments for wearing a TLD while working on the experimental floor were 
relaxed this year for many of our short-term users. Only users routinely 
working at the NSLS throughout the year, or those who fall into special 
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categories (e.g. working with radioactive materials, women with declared 
pregnancies, minors, or those working in the Bldg. 729 Controlled Area) 
are required to wear a TLD. Details of the new requirements can be 
found at: http://www.nsls.bnl.gov/organization/ESH/temp/tldchange.htm. 
It is very important to note that training requirements for access to the 
floor remain the same as previous years.

Laser Use: A serious eye injury occurred to a graduate student work-
ing in a different department at BNL when he inadvertently exposed 
himself to a high power laser. All laser use at BNL was suspended by the 
Laboratory Deputy Director pending a review to confirm that practices 
with each laser complied with the requirements of the BNL Standard for 
Lasers (https://sbms.bnl.gov/standard/2g/2g00t011.htm). All lasers at the 
NSLS were eventually restarted, but extensive stoppages were experi-
enced. All users who plan to bring or use existing lasers should anticipate 
detailed reviews and contact the NSLS Safety Officer well in advance 
of arrival. Users of Class 3b/4 lasers must prepare written procedures, 
receive additional training, and complete a medical eye examination 
prior to use of the laser. These requirements are time consuming. When-
ever possible, use of lower power lasers (i.e. Class 2 or 3a) will greatly 
simplify review requirements. Use of any laser in an experiment must 
be described in the Safety Approval Form (http://130.199.76.84/safety/
default.asp). Additional NSLS guidance may be obtained at:
http://www.nsls.bnl.gov/newsroom/publications/manuals/prm/LS-ESH-
PRM-2.3.1.html (Laser Safety Program Requirements).

Conclusion: The user community has responded well to the high level 
of expectations for safety performance at the NSLS. Prominent and high 
level presentations were made at the Annual Users’ Meeting, and safety 
is a topic at every Town Meeting. On the other hand, we have had our 
share of problems, and the BNL Director and the head of the DOE 
Office of Science have stated on several occasions that science carried 
out in an unsafe environment will not be supported. It is important for 
everyone to understand that a safe environment is much more than just 
an injury-or incident-free environment - positive attitudes and compli-
ance with requirements are equally important.

I think our ESH program continues to be strong, and the improvements 
of the past year will serve us well. We need a successful safety program, 
and that requires ongoing awareness, involvement, and commitment 
from everyone. One incident or injury can quickly over-ride and out-
shine many successes. Whether at your home institution or at the NSLS, 
keep an eye on the workplace and your co-workers. Make sure that all 
requirements are respected and that work is conducted safely.  We all 
have a stake in safety performance.

Please let me know if you have any comments or suggestions.

Lost time injuries per year since 1997. 
In 2004, we are striving for zero injuries.
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Building Administration Report
Gerry Van Derlaske
NSLS BUILDING MANAGER

The new mini-gap undulator, sextupole repair, the installation of the 
x-ray radio-frequency circulator, the continuing construction of cutting-
edge beamlines, and the announcement that one of our users received 
the Nobel Prize in Chemistry for his NSLS research – It has been more 
than twenty years since the first operational beamlines were commis-
sioned here, and, due to the efforts of many individuals and multiple 
service and support groups, the future of the NSLS is as bright as ever. 

Safety and security issues remain at the forefront of daily operations, and 
facility improvements range from the physical plant infrastructure to a 
new user network outside of the current BNL firewall. Various beamline 
and ring upgrades have been fully commissioned and additions to the 
NSLS scientific staff have made for a very productive and interesting 
year. 

Safety: 
NSLS staff and users are reminded that working safely is a top priority 
at BNL. In accordance with this basic principal, the past year saw the 
introduction of new work planning elements for scientists and techni-
cians. Work planning and control procedures require that work being 
performed at the NSLS above the “skill of the craft” level be reviewed 
by the appropriate subject matter experts and scheduled accordingly 
through available resources. Meetings are held weekly, or as needed in 
emergency cases, to review, approve, and authorize work that does not 
fall within this “skill of the craft” category. Using a graduated approach 
for hazard determinations, formal work permits will be issued for work 
deemed hazardous. Users and staff should contact the building man-
ager with any questions pertaining to whether a formal work permit is 
required.

In October, the entire laboratory underwent a full OSHA walk-through 
inspection. Teams of OSHA personnel, from all areas of expertise and 
backgrounds in industrial safety, toured virtually every building at BNL. 
The NSLS fared reasonably well, receiving 61 citations, compared with 
some several thousand lab-wide. Many of the NSLS citations were cor-
rected prior to this article, and we are tracking the few remaining open 
items. Our target goal remains set at zero citations in the future. The 
NSLS safety teams, paired with Tier 1 inspections, experimental reviews, 
and the work planning and control process, manage one of the busiest 
user facilities in the world and have the resources to achieve this objec-
tive. Accordingly, everyone must continue to intervene and act appropri-
ately if observing any unsafe conditions.

Security:
This year, America has cycled between the Code Yellow (elevated) and 
Code Orange (high) terrorism awareness levels. We therefore ask every-
one to be constantly vigilant when performing common, everyday tasks 
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at the NSLS. For example, lock your parked vehicle and do not leave it 
in the parking lot for long periods of time when you are absent from the 
NSLS. Do not leave your packages unattended, even for a few moments. 
There have been several instances of items found unattended and un-
identified in the following areas: the main lobby, the entrance vestibule, 
and the drop-off zone inside the circular driveway of building 725. We 
urge all personnel to follow security measures when entering both BNL 
and the NSLS. Vehicle inspections at all gates leading 
off-site have increased, and the Department of Energy 
requires that all non-expendable property at BNL have 
bar codes or property tags affixed to indicate ownership. 
These tags are available free of charge from the NSLS 
stockroom.

While transparent to the casual observer, behind-the-
scene work by many employees continues to provide our 
staff and users with a very safe and secure workplace. 
Again, we extend our gratitude to everyone for their 
patience and cooperation in conforming to the newly-
implemented rules and regulations.

Facility Upgrades:
New furniture, complimented by matching NSLS logo rugs, has been 
installed in the main lobby. Additionally, a satellite dish network was in-
stalled to feed the LCD projection monitor video wall and second floor 
conference rooms with a commercial signal that can provide live feeds to 
the NSLS community. The NSLS building manager will be the point of 
contact for submitting requests to activate the signal for viewing during 
evening and weekend hours. For special occasions or events, requests for 
viewing sporting events and educational, cultural, and informative pro-
gramming can be sent to the chairman through the building manager 
for review and approval.

The RF penthouse air conditioning upgrade increased output cooling, 
reducing the heat load onto working power supplies and virtually elimi-
nating power supply trips on hot summer days. All experimental floor 
steam re-heat coils located within the AC duct works were cleaned and 
serviced, providing better flow through ventilation. Due to the cleaning 
process, heat and air conditioning delivery is expected to become more 
stable. 

Special maintenance funding from Plant Engineering provided the 
necessary resources to install replacement wall-to-wall carpeting in 
the seminar room, directorate wing hallway, and conference room A. 
Maintenance crews refurbished the restroom in building 726 and ap-
plied fresh coats of paint to many areas of building 725. The roof over 
MER 2, as well as the pitch pockets and galvanized trays surrounding 
the power feeders near the RF penthouse, were sealed and subjected to 
various proof tests during the summer downpours. The remaining areas 
of suspected roof leaks are now marked for repair once the winter freeze/
thaw cycles have ended.

As requested by users utilizing very sensitive detector equipment, the 
two-ton stock room overhead crane was modified with an infinitely-

Some of the many talented members of the 
NSLS Plant Engineering Support Staff, Work 
Control Coordinators, and Facility Support/
Work Planning Team, who work together to 
keep the facility safe and sound.
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variable speed controller. This allows for extremely smooth vertical lifts, 
making the positioning of delicate equipment more precise and opera-
tor-friendly. 

The nslsusers.org network is up and fully operational. This network 
provides users with an option to route connections to the World Wide 
Web without passing through the BNL firewall. Wireless access points 
(WAP’s) are activated in conference and seminar rooms located on the 
second floor of 725.

Office Space/Storage:
Available NSLS user office space in building 535 has been completely 
allocated. Occupants previously located in buildings 510E, 129, 728, 
and the NSLS trailer park are now settled into nicely-appointed areas 
of the instrumentation facility. A notable occurrence is the relocation of 
the NSLS Controls and Detector Group, headed by Peter Siddons. The 
close proximity of this group to the specialists located within the Instru-
mentation Division makes for excellent idea-sharing while developing 
prototype devices and designing layouts for PC boards.

An all-inclusive undertaking to visually account for items being stored 
by both staff and users took place during the first quarter of the new fis-
cal year. A very good response ratio from the user community was com-
piled, along with a 100% physical inventory account rate from targeted 
NSLS sections.  

Conclusion:
The NSLS continues to thrive in today’s environment by relying on tal-
ented and dedicated individuals from within the department and across 
the laboratory, providing our Users with high quality, reliable beam 
time. The NSLS remains a world-class research center, often referred 
to as a jewel amongst DOE facilities. In closing, I wish to extend my 
thanks to everyone who assists in the daily operations and maintenance 
of all the facilities within the NSLS complex. 

Stockroom Upgrade 
DONNA BUCKLEY 

BUDGET/ADMINISTRATION

The NSLS Stockroom database has 
recently been upgraded from a 
dated “Rbase” system into one using 
a Visual Basic and Oracle database. 
New barcode scanners have also 
been incorporated, allowing custom-
ers to easily scan their BNL ID badge 
for their life/guest number and their 
default project/activity number. The 
new system is user friendly and makes 
withdrawals faster and easier.

The number of NSLS stock items has 
increased over the past few years and 
continues to do so, due to changes 
in the BNL main stockroom and the 
reduction in the number of credit cards 
issued at BNL. Please remember to fill 
out the “Request For Additional NSLS 
Stockroom Inventory” forms located in 
the stockroom, with any suggestions 
for items to be stocked. All suggestions 
are presented to and considered by the 
NSLS Stockroom Committee.
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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, 280 mA) and a Vacuum Ultraviolet (VUV) ring (800 meV, 1.0 A) which pro-
vide 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 2200 scientists representing almost 400 institutions, 65 of them corporations, come to 
Brookhaven National Laboratory annually to conduct research at the NSLS. The facility operates 7 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, providing that the research results 
are published in the open literature. Proprietary research is conducted on a full cost recovery basis.

There are two ways to obtain beamtime at the NSLS: either as a General User or as a member of a 
Participating Research Team (PRT). General Users are independent investigators interested in using the 
NSLS for their research. Access is gained through a peer-reviewed proposal system. All operational 
beamlines at the NSLS reserve at least 25% of their available beamtime for General Users. PRTs are 
groups of researchers with related interests from one or more institutions. Membership in a PRT is open 
to all members of the scientific community who can contribute significantly to the program of the PRT, 
(i.e., funding, contribution of equipment, scientific program, design and engineering, operations man-
power, etc).

The NSLS currently has 58 X-Ray and 22 VUV operational beamlines for performing a wide range of 
experiments. The following pages list the operational beamlines at the NSLS and their unique character-
istics. 

BEAMLINE GUIDE

TECHNIQUE DESCRIPTION TECHNIQUE DESCRIPTION TECHNIQUE DESCRIPTION

ARPES
UV PHOTOELECTRON SPECTROSCOPY, 
ANGLE-RESOLVED

DAFS
X-RAY DIFFRACTION ANOMALOUS FINE 
STRUCTURE

DEI 
DIFFRACTION-ENHANCED IMAGING

EXAFS
X-RAY ABSORPTION SPECTROSCOPY, 
EXTENDED FINE STRUCTURE

HARMST
HIGH ASPECT RATIO MICROSYSTEMS 
TECHNOLOGY

IRMS
INFRARED MICROSPECTROSCOPY

MAD
MULTI-WAVELENGTH ANOMOLOUS 
DISPERSION

NEXAFS
NEAR EDGE X-RAY ABSORPTION 
SPECTROSCOPY

SAXS
SMALL ANGLE X-RAY SCATTERING

SPARPES
UV PHOTOELECTRON SPECTROSCOPY, 
SPIN- AND ANGLE-RESOLVED

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

XMCD
X-RAY MAGNETIC CIRCULAR 
DICHROISM

XPS
X-RAY PHOTOELECTRON 
SPECTROSCOPY

XRD
X-RAY DIFFRACTION

XSW
X-RAY STANDING WAVES
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BeamlineGuideforActRpt

U2A Bend High Pressure Research 30-8000 cm-1 Carnegie Institute of Washington

IRMS

IR spectroscopy

U3C Bend XPS 50-1000 eV Bechtel Nevada

Lawrence Livermore National Laboratory

Los Alamos National Laboratory

Sandia National Laboratory

U4B Bend XMCD 20-1200 eV BNL-NSLS

X-ray scattering, resonant Montana State University

X-ray scattering, magnetic

X-ray florescence

XPS

UPS

U5UA Insertion UPS 15-150 eV BNL-NSLS

Device ARPES

SPARPES

Magnetospectroscopy

U7B Bend XPS 15-300 eV BNL-NSLS

UPS

NEXAFS

U9A Bend Photon-stim. Desorption White Beam BNL-NSLS

U10A Bend IR spectroscopy 30-20000 cm-1 BNL-NSLS

BNL-Physics

U11 Bend UPS 3-30 eV BNL-Biology

UV photoabsorption BNL-NSLS

UV photoionization

Page 1

BEAMLINE SOURCE TYPE OF RESEARCH ENERGY RANGE ORGANIZATION

U1A Bend NEXAFS 20-900 eV ExxonMobil Research and Engineering Co.

XAS

U2B Bend IRMS 50-4000 cm-1 Albert Einstein College of Medicine

IR spectroscopy

U4A Bend UPS 10-300 eV Army Research Laboratory

BNL-NSLS

Boston University

North Carolina State University

Rutgers University

University of North Carolina

U4IR Bend IR spectroscopy 20-3000 cm-1 BNL-Chemistry

IRMS BNL-NSLS

U7A Bend NEXAFS 180-1200 eV BNL-Chemistry

XPS BNL-Physcis

Dow Chemical Company

National Institute of Standards & Technology

Rutgers University

Texas A&M University

University of Michigan

U8B Bend NEXAFS 100-1000 eV IBM Research Division

X-ray photoemission University of California @ Riverside

ARPES University of Michigan

U9B Bend UV florescence 0.8 - 8.0 eV BNL-Biology

UV-CD BNL-NSLS

U10B Bend IRMS 50-4000 cm-1 BNL-NSLS

University of Saskatchewan
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BeamlineGuideforActRpt

U12IR Bend IR spectroscopy 2-400 cm-1 BNL-NSLS

Time-resolved spectroscopy SUNY @ Stony Brook

University of Florida

U13UB Insertion UPS 3-30 eV BNL-NSLS

Device ARPES BNL-Physics

Boston University

U16B Bend XPS 50-1000 eV BNL-NSLS

Rutgers University

University of Texas Arlington

X1A2 Insertion STXM .25-1 keV SUNY @ Stony Brook

Device

X2B Bend X-ray microtomography 8-35 keV ExxonMobil Research and Engineering Co.

X3B1 Bend XAS 6-30 keV SUNY @ Buffalo

XRD, powder SUNY @ Stony Brook

EXAFS

Page 2

BEAMLINE SOURCE TYPE OF RESEARCH ENERGY RANGE ORGANIZATION

U12A Bend XAS 100-800 eV BNL-NSLS

Oak Ridge National Laboratory

U13UA Insertion Focused white beam 3-1000 eV BNL-NSLS

Device White Beam

U14A Bend XPS 15-300 eV BNL-NSLS

UPS

X1A1 Insertion STXM .25-.50 keV BNL-Environmental Science

Device BNL-NSLS

ExxonMobil Research and Engineering Co.

SUNY @ Plattsburgh

SUNY @ Stony Brook

University of Texas

X1B Insertion X-ray scattering, resonant .2-1.6 keV Boston University

Device X-ray scattering, coherent BNL-NSLS

ARPES University of Groningen

UV fluorescence

XAS

X3A2 Bend XAS 3-31 keV SUNY @ Stony Brook

SAXS

XRD, single-crystal

MAD

X4A Bend MAD 3.5-20 keV Albert Einstein College of Medicine

City University of New York

Columbia University

Memorial Sloan-Kettering Cancer Center

Mount Sinai School of Medicine

New York Structural Biology Center

New York University

SUNY @ Buffalo

The Wadsworth Center of the NYS Dept of Health

Weill Medical College of Cornell University
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BeamlineGuideforActRpt

X5A Bend Laser backscattering 150-470 MeV BNL-Physics

Forschungszentrum Juelich (KFA)

Norfolk State University

Ohio University

Syracuse University

University of Paris

University of Rome II

University of South Carolina

University of Virginia

Virginia Polytechnic Inst. & State University

X6B Bend XRD, powder 7-20 keV BNL-NSLS

XRD, single-crystal

X7B Bend XRD, single-crystal 5-21 keV BNL-Chemistry

XRD, time-resolved

WAXS or WAXD

X8C Bend MAD 5-19 keV Biogen Incorporated

BNL-Biology

Hoffmann-La Roche

National Research Council of Canada

X9B Bend EXAFS 5-15 keV Albert Einstein College of Medicine

XAS National Institutes of Health

MAD

NEXAFS

X10B Bend XRD, surface 14 keV ExxonMobil Research and Engineering Co.

WAXS or WAXD

XRD, powder

X-ray reflectivity

Page 3

BEAMLINE SOURCE TYPE OF RESEARCH ENERGY RANGE ORGANIZATION

X4C Bend MAD 7-20 keV Albert Einstein College of Medicine

City University of New York

Columbia University

Memorial Sloan-Kettering Cancer Center

Mount Sinai School of Medicine

New York Structural Biology Center

New York University

Rockefeller University

SUNY @ Buffalo

The Wadsworth Center of the NYS Dept of Health

Weill Medical College of Cornell University

X6A Bend MAD 7-20 keV BNL-NSLS

X7A Bend XRD, powder 5-45 keV BNL-Physics

Chevron Research & Technology Company

Ohio State University

SUNY @ Stony Brook

University of Birmingham

University of California @ Santa Barbara

University of Pennsylvania

X8A Bend Metrology .26-5.9 keV Bechtel Nevada

Lawrence Livermore National Laboratory

Los Alamos National Laboratory

Sandia National Laboratory

X9A Bend MAD 5-15 keV Albert Einstein College of Medicine

Rockefeller University

Sloan-Kettering Institute for Cancer Research

X10A Bend XRD, time-resolved 6-15.2 keV ExxonMobil Research and Engineering Co.

WAXS or WAXD

XRD, powder

X-ray reflectivity

SAXS
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BeamlineGuideforActRpt

X11A Bend EXAFS 4.5-35 keV BNL-Environmental Science

NEXAFS Canadian Light Source

XAS Hunter College

Naval Research Laboratory

Naval Surface Warfare Center

New Jersey Institute of Technology

North Carolina State University

Northeastern University

Paul Scherrer Institute

U.S. Enivronmental Protection Agency

Virginia Union University

X12A Bend Optics R&D 5-50 keV BNL-NSLS

X12C Bend MAD 5.5-20.0 keV BNL-Biology

X14A Bend XRD, single-crystal 5-26 keV Oak Ridge National Laboratory

University of Tennessee

X15B Bend NEXAFS 1.5-15 keV SUNY @ Stony Brook

XAS

EXAFS

X16B Bend XRD, powder 7.85 keV

XRD, surface

X17B1 Insertion XRD, powder 67 keV BNL-Medical

Device 20-100 keV BNL-NSLS

Page 4

BEAMLINE SOURCE TYPE OF RESEARCH ENERGY RANGE ORGANIZATION

X10C Bend XAS 4-24 keV ExxonMobil Research and Engineering Co.

NEXAFS

EXAFS

X11B Bend EXAFS 5.0-30 keV BNL-Environmental Science

NEXAFS Canadian Light Source

XAS Hunter College

Naval Research Laboratory

Naval Surface Warfare Center

New Jersey Institute of Technology

North Carolina State University

Northeastern University

Paul Scherrer Institute

U.S. Enivronmental Protection Agency

University of Connecticut

Virginia Union University

X12B Bend MAD 5-20 keV BNL-Biology

X13A Insertion Magnetospectroscopy .2-1.8 keV BNL-NSLS

Device XMCD

X-ray scattering, resonant

X13B Insertion Microdiffraction imaging 4-16 KeV BNL-NSLS

Device X-ray microprobe

X15A Bend XSW 3-25 keV Argonne National Laboratory

DEI 10-60 keV BNL-NSLS

Canadian Light Source

Illinois Institute of Technology

North Carolina State University

Northwestern University

University of North Carolina

University of Saskatchewan

X16A Bend XRD, surface 4-12 keV University of Illinois @ Chicago

X16C Bend XAS 4.5-25 keV University of Illinois @ Chicago
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BeamlineGuideforActRpt

X17B3 Insertion High Pressure Research 20-100 keV Brookhaven National Laboratory

Device Carnegie Institute of Washington

X18A Bend XRD, surface 4-19 keV BNL-Environmental Science

XRD, powder Pennsylvania State University

X-ray reflectivity Purdue University

XRD, single-crystal University of Maryland

WAXS or WAXD University of Missouri

X19A Bend EXAFS 2-8 keV BNL-Chemistry

XAS BNL-NSLS

NEXAFS Chevron Research & Technology Company

General Electric

North Carolina State University

Rutgers University

University of Kentucky

UOP

X20A Bend Microdiffraction imaging 4.5-13 keV IBM Research Division

XRD, surface

X20C Bend XRD, surface 5-11 keV IBM Research Division

XRD, time-resolved

X22A Bend XRD, surface 10 keV BNL-Environmental Science

XRD, time-resolved 32 keV BNL-Physics

WAXS or WAXD Rutgers University

X-ray reflectivity University of Maryland

XRD, single-crystal

Page 5

BEAMLINE SOURCE TYPE OF RESEARCH ENERGY RANGE ORGANIZATION

X17B2 Insertion XRD, powder 20-100 keV SUNY @ Stony Brook

Device High Pressure Research

X17C Insertion High Pressure Research 5-80 keV Carnegie Institute of Washington

Device XRD, powder Lawrence Livermore National Laboratory

XRD, single-crystal Naval Research Laboratory

University of Chicago

X18B Bend NEXAFS 5.7-40 keV BNL-Chemistry

XAS BNL-NSLS

EXAFS Chevron Research & Technology Company

General Electric

North Carolina State University

Rutgers University

University of Kentucky

UOP

X19C Bend X-ray topography 6-17 keV Army Research Laboratory

X-ray scattering, liquid Carnegie Mellon University

X-ray reflectivity Dartmouth College

XRD, surface Johns Hopkins University

National Aeronautical and Space Agency

SUNY @ Stony Brook

University of Chicago

University of Illinois @ Chicago

University of Wisconsin

X20B Bend XRD, surface 17.4 keV IBM Research Division

X21 Insertion SAXS 5-10 keV BNL-NSLS

Device X-ray florescence

X-ray inelastic scattering

X22B Bend X-ray scattering, liquid 6.5-10 keV BNL-Physics

XRD, surface Harvard University

Rutgers University
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BeamlineGuideforActRpt

X23A2 Bend DAFS 4.7-30 keV BNL-NSLS

XAS

XRD, powder

NEXAFS

EXAFS

X24A Bend XPS 1.8-5 keV BNL-NSLS

Auger spectroscopy National Institute of Standards & Technology

XSW

EXAFS

X-ray fluorescence

X25 Insertion MAD 3-28 keV BNL-Biology

Device BNL-NSLS

X26C Bend MAD 5-20 keV BNL-Biology

Cold Spring Harbor Laboratory

SUNY @ Stony Brook

X27B Bend HARMST White Beam BNL-NSLS

X28C Bend X-ray footprinting White Beam Albert Einstein College of Medicine

Page 6

BEAMLINE SOURCE TYPE OF RESEARCH ENERGY RANGE ORGANIZATION

X22C Bend X-ray scattering, magnetic 3-12 keV BNL-Physics

X-ray reflectivity Rutgers University

XRD, surface University of Maryland

XRD, single-crystal

X23B Bend XAS 3-10.5 keV BNL-Environmental Science

XRD, powder Canadian Light Source

EXAFS Hunter College

NEXAFS Naval Research Laboratory

Naval Surface Warfare Center

New Jersey Institute of Technology

North Carolina State University

Northeastern University

Paul Scherrer Institute

U.S. Enivronmental Protection Agency

Virginia Union University

X24C Bend XPS .006-1.8 keV Naval Research Laboratory

X26A Bend X-ray microprobe 3-30 keV BNL-Environmental Science

Microdiffraction imaging University of Chicago

University of Georgia

X27A Bend X-ray microtomography 8-40 keV BNL-NSLS

X27C Bend SAXS 9 KeV Basell USA, Inc. (formerly Montell)

WAXS or WAXD Honeywell International

XRD, time-resolved National Institute of Standards & Technology

National Institutes of Health

Naval Surface Warfare Center

New Jersey Institute of Technology

SUNY @ Stony Brook

U.S. Air Force
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NSLS LINAC PARAMETERS AS OF DECEMBER 2003

                                                                Injection Energy       100 keV

                                                              Final Energy       120 MeV

                                                   Number of Sections       3

                                                  Number of Klystrons       3

                                                                 Frequency        2856 MHz

                                                                                
NSLS BOOSTER PARAMETERS

                                                                Injection Energy        120 MeV

                                                      Extraction Energy        750 MeV

                                                           Circumference        28.35 m

                                            Number of Superperiods        4

                                               Dipole Bending Radius        1.91 m

                                             Nominal Horizontal Tune        2.42

                                                Nominal Vertical Tune        1.37

                                           Maximum Horizontal Beta        8.63 m

                                           Minimum Horizontal Beta        1.01 m

                                              Maximum Vertical Beta        5.26 m

                                               Minimum Vertical Beta        1.73 m

                                                  Maximum Dispersion        1.21 m

                                                  Minimum Dispersion        0.41 m

                                              Momentum Compaction        0.106

                                                         Peak RF Voltage        25 kV

                                                            RF Frequency        52.88 MHz

                                                Horizontal Acceptance        1.66E-04 m-rad

                                                    Vertical Acceptance        6.11E-05 m-rad

                                              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 2003

                                    Normal Operating Energy     0.808 GeV
        Peak Operating Current (multibunch ops.)     1.0 amp 
                                               Circumference     51.0 meters
                   Number of Beam Ports on Dipoles     18
                          Number of Insertion  Devices     2
              Maximum Length of Insertion Devices     ~ 2.25 meters
                                                                             λc(Εc)       19.9 Å (622 eV)
                                                                              B(ρ)       1.41 Tesla (1.91 meters)
                                             Electron Orbital Period     170.2 nanoseconds
                                                          Damping Times       τx=τy= 13 msec; τε = 7 msec
                            Lifetime @ 200 mA with 52 MHz     360 min
                 (with 211 MHz Bunch Lengthening)     (590 min)
                 Lattice Structure (Chasman-Green)     Separated Function, Quad, Doublets
                                 Number of Superperiods     4
                                                                                                   8 Bending        (1.5 meters each)
                                      Magnet Complement         24 Quadrupole   (0.3 meters each)
                                                                             12  Sextupole    (0.2 meters each)
                                                 Nominal Tunes (νx,νy)       3.14, 1.26
                                           Momentum Compaction     0.0235
                                                RF Frequency     52.887 MHz
                                              Radiated Power     20.4 kW/amp of Beam
RF Peak Voltage with 52 MHz (with 211 MHz)        80 kV (20kV)
  Design RF Power with 52 MHz (with 211 MHz)     50 kW (10 kW)
                                                Synchrotron Tune (νs)       0.0018
                           Natural Energy Spread (σe/E)       5.0 x 10-4 , lb< 20 mA
                                                    Bunch Length (2σ)       9.7 cm (lb < 20 mA)
            (2Lrms with 211 MHz Bunch Lengthening)     (36 cm)
                                              Number of RF Buckets     9
                                        Typical Bunch Mode     7
                         Horizontal Damped Emittance (εx)       160 nm-rad
                              Vertical Damped Emittance (εy)       ≥ 0.35 nm-rad (4nm-rad in normal ops.)*
           Power per Horizontal Milliradian (@ 1A)     3.2 Watts

* εy is adjustable

{

    Source Divergence (σ′x, σ′y)      112 µrad, >7.7 µrad (22 µrad in normal ops.)*

INSERTION DEVICE PARAMETERS

        Betatron Function (βx,βy)      11.1 m, 5.84 m

                    Source Size (σx,σy)       1240 µm, >45 µm (220 µm in normal ops.)*   

           Betatron Function (βx,βy)       1.18 to 2.25 m, 10.26 to 14.21 m

        Dispersion Function (ηx,η′x)       0.500 to 0.062 m, 0.743 to 0.093 m

                                αx,y = -β’ x y/2       -0.046 to 1.087, 3.18 to -0.96

                         γx,y =(1 +α2
x,y)/βx,y       0.738 to 0.970 m-1, 1.083 to 0.135 m-1

                       Source Size (σx,σy)       536 to 568 µm, >60 to >70 µm (170-200 µm in normal ops.)*

        Source Divergence (σ′x,σ′y)       686 to 373 µrad, 19.5 to 6.9 µrad (55-20 µrad in normal ops.)*

ARC SOURCE PARAMETERS
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X-RAY STORAGE RING PARAMETERS AS OF DECEMBER 2003

                                 Normal Operating Energies     2.800 GeV
                           Maximum Operating Current     280 mA
                                                        Lifetime     ~20 hours
                                               Circumference     170.1 meters
                   Number of Beam Ports on Dipoles     30
                           Number of Insertion Devices     6
              Maximum Length of Insertion Devices     < 4.50 meters
                                                          λc(Ec) at 1.36 T    1.75 Å (7.1 keV)
                                                     λc(Ec) at 5.0 T (W)     0.48 Å (26.1 keV) 
                                                                               B(ρ)       1.36 Tesla (6.875 meters)
                                    Electron Orbital Period     567.2 nanoseconds
                                             Damping Times       τx = τy =4 msec; τε =2 msec
                      Lattice Structure (Chasman-Green)     Separated Function, Quad Triplets
                                 Number of Superperiods     8
                                                                                               16 Bending       (2.7 meters each)
                                      Magnet Complement          40 Quadrupole  (0.45 meters each)
                                                                              16 Quadrupole  (0.80 meters each)
                                                                                               32 Sextupole    (0.20 meters each)
                                       Nominal Tunes (νx,νy)       9.8, 5.7
                                           Momentum Compaction     4.10-3

                                                RF Frequency     52.88 MHz
               Radiated Power for Bending Magnets     198 kW (0.25A)
                                                         RF Peak Voltage     1120 kV 
                                            Design RF Power     450 kW
                                               Synchrotron Tune (νs)      0.0023
                                 Natural Energy Spread (σe/E)       9.2 x 10-4

                                      Natural Bunch Length (2σ)       8.7 cm 
                                    Number of RF Buckets     30
                                        Typical Bunch Mode     25
                    Horizontal Damped Emittance (εx)       7.5 x 10-8 meter-rad
                        Vertical Damped Emittance (εy)       1.5 x 10-10 meter-rad
                        Power per Horizontal Milliradian (0.25A)     32W
                                                                             

{

INSERTION DEVICE PARAMETERS

   Betatron Function (βx, βy)      1.60 m, 0.35 m

            Source Size (σx,σy)      300 µm, 6 µm 
Source Divergence (σx′, σy′)      260 µrad, 35 µrad

ARC SOURCE PARAMETERS

      Betatron Function (βx,βy)       1.0 to 3.8 m, 7.9 to 26.5 m

   Dispersion Function (ηx,η′x)       0.47 to -0.11, -0.39 to 0.22

                              αx,y = -β’ x,y/2       -0.49 to 1.62, -3.4 to 4.5

                       γx,y =(1 +α2
x,y)/βx,y       0.952 to 0.962 m-1, 0.81 to 0.52 m-1

                 Source Size (σx,σy)       371 to 612 µm, 27 to 53 µm

   Source Divergence (σx′,σy′)       476 to 324 µrad, 9 to 7 µrad
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FY 2003 NSLS MACHINE ACTIVITIES

UNSCHEDULED 
OPERATIONS MAINTENANCE

SCHEDULED 
OPERATIONS

UV/IR

X-RAY

Activity

Operations

Unscheduled Operations

Maintenance

Other

X-RAY

67.0% 52.2%

7.2% 6.1%

14.6% 20.4%

21.2%11.2%

Full Year 8760 hours 100 hours=1.1% 

“Other” FY 2003 Activities

Commissioning

Holidays

Injection

Interlocks

Unscheduled
Downtime

FISCAL YEAR 2003

Note: Delivered hours are only those 
accumulated during scheduled opera-
tions. Unscheduled operations do not 
contribute to this total.

2%

4%
6%

   

October 617 99.8%  104.7% 532 96.2% 114.9%

November 521 98.2%  101.3% 457 96.0% 101.7%

December 0 - - 0 - -

January 440 99.3%  122.6% 214 16.0% 24.4%

February 546 99.6%  106.6% 492 96.5% 108.3%

March 617 99.4%  107.9% 556 99.0% 107.2%

April 595 97.3%  106.2% 552 83.3% 94.6%

May 338 95.1%  112.3% 256 65.4% 65.4%

June 597 98.6%  106.2% 535 95.6% 101.8%

July 515 99.4%  111.4% 510 99.9% 105.3%

August 615 90.5%  103.5% 547 82.1% 96.3%

September 592 99.9%  115.0% 495 94.6% 112.0%

5993                                            5146

Fiscal 2003
Delivered         5871         98.0%      108.4%      4575        88.9%         99.3%        

PLANNED 
HOURSMONTH

PLANNED 
HOURS

VUV ACTUAL FY 03

RELIABILITY1 AVAILABILITY2

X-RAY ACTUAL FY 03

RELIABILITY1 AVAILABILITY2

Studies

UV/IR

1 Operations during scheduled time
2 Operations compared to total             
scheduled time

OTHER
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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, 280 mA) and a Vacuum Ultraviolet (VUV) ring (800 meV, 1.0 A) which pro-
vide 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 2200 scientists representing almost 400 institutions, 65 of them corporations, come to 
Brookhaven National Laboratory annually to conduct research at the NSLS. The facility operates 7 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, providing that the research results 
are published in the open literature. Proprietary research is conducted on a full cost recovery basis.

There are two ways to obtain beamtime at the NSLS: either as a General User or as a member of a 
Participating Research Team (PRT). General Users are independent investigators interested in using the 
NSLS for their research. Access is gained through a peer-reviewed proposal system. All operational 
beamlines at the NSLS reserve at least 25% of their available beamtime for General Users. PRTs are 
groups of researchers with related interests from one or more institutions. Membership in a PRT is open 
to all members of the scientific community who can contribute significantly to the program of the PRT, 
(i.e., funding, contribution of equipment, scientific program, design and engineering, operations man-
power, etc).

The NSLS currently has 58 X-Ray and 22 VUV operational beamlines for performing a wide range of 
experiments. The following pages list the operational beamlines at the NSLS and their unique character-
istics. 

BEAMLINE GUIDE

TECHNIQUE DESCRIPTION TECHNIQUE DESCRIPTION TECHNIQUE DESCRIPTION

ARPES
UV PHOTOELECTRON SPECTROSCOPY, 
ANGLE-RESOLVED

DAFS
X-RAY DIFFRACTION ANOMALOUS FINE 
STRUCTURE

DEI 
DIFFRACTION-ENHANCED IMAGING

EXAFS
X-RAY ABSORPTION SPECTROSCOPY, 
EXTENDED FINE STRUCTURE

HARMST
HIGH ASPECT RATIO MICROSYSTEMS 
TECHNOLOGY

IRMS
INFRARED MICROSPECTROSCOPY

MAD
MULTI-WAVELENGTH ANOMOLOUS 
DISPERSION

NEXAFS
NEAR EDGE X-RAY ABSORPTION 
SPECTROSCOPY

SAXS
SMALL ANGLE X-RAY SCATTERING

SPARPES
UV PHOTOELECTRON SPECTROSCOPY, 
SPIN- AND ANGLE-RESOLVED

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

XMCD
X-RAY MAGNETIC CIRCULAR 
DICHROISM

XPS
X-RAY PHOTOELECTRON 
SPECTROSCOPY

XRD
X-RAY DIFFRACTION

XSW
X-RAY STANDING WAVES
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BeamlineGuideforActRpt

U2A Bend High Pressure Research 30-8000 cm-1 Carnegie Institute of Washington

IRMS

IR spectroscopy

U3C Bend XPS 50-1000 eV Bechtel Nevada

Lawrence Livermore National Laboratory

Los Alamos National Laboratory

Sandia National Laboratory

U4B Bend XMCD 20-1200 eV BNL-NSLS

X-ray scattering, resonant Montana State University

X-ray scattering, magnetic

X-ray florescence

XPS

UPS

U5UA Insertion UPS 15-150 eV BNL-NSLS

Device ARPES

SPARPES

Magnetospectroscopy

U7B Bend XPS 15-300 eV BNL-NSLS

UPS

NEXAFS

U9A Bend Photon-stim. Desorption White Beam BNL-NSLS

U10A Bend IR spectroscopy 30-20000 cm-1 BNL-NSLS

BNL-Physics

U11 Bend UPS 3-30 eV BNL-Biology

UV photoabsorption BNL-NSLS

UV photoionization

Page 1

BEAMLINE SOURCE TYPE OF RESEARCH ENERGY RANGE ORGANIZATION

U1A Bend NEXAFS 20-900 eV ExxonMobil Research and Engineering Co.

XAS

U2B Bend IRMS 50-4000 cm-1 Albert Einstein College of Medicine

IR spectroscopy

U4A Bend UPS 10-300 eV Army Research Laboratory

BNL-NSLS

Boston University

North Carolina State University

Rutgers University

University of North Carolina

U4IR Bend IR spectroscopy 20-3000 cm-1 BNL-Chemistry

IRMS BNL-NSLS

U7A Bend NEXAFS 180-1200 eV BNL-Chemistry

XPS BNL-Physcis

Dow Chemical Company

National Institute of Standards & Technology

Rutgers University

Texas A&M University

University of Michigan

U8B Bend NEXAFS 100-1000 eV IBM Research Division

X-ray photoemission University of California @ Riverside

ARPES University of Michigan

U9B Bend UV florescence 0.8 - 8.0 eV BNL-Biology

UV-CD BNL-NSLS

U10B Bend IRMS 50-4000 cm-1 BNL-NSLS

University of Saskatchewan
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BeamlineGuideforActRpt

U12IR Bend IR spectroscopy 2-400 cm-1 BNL-NSLS

Time-resolved spectroscopy SUNY @ Stony Brook

University of Florida

U13UB Insertion UPS 3-30 eV BNL-NSLS

Device ARPES BNL-Physics

Boston University

U16B Bend XPS 50-1000 eV BNL-NSLS

Rutgers University

University of Texas Arlington

X1A2 Insertion STXM .25-1 keV SUNY @ Stony Brook

Device

X2B Bend X-ray microtomography 8-35 keV ExxonMobil Research and Engineering Co.

X3B1 Bend XAS 6-30 keV SUNY @ Buffalo

XRD, powder SUNY @ Stony Brook

EXAFS

Page 2

BEAMLINE SOURCE TYPE OF RESEARCH ENERGY RANGE ORGANIZATION

U12A Bend XAS 100-800 eV BNL-NSLS

Oak Ridge National Laboratory

U13UA Insertion Focused white beam 3-1000 eV BNL-NSLS

Device White Beam

U14A Bend XPS 15-300 eV BNL-NSLS

UPS

X1A1 Insertion STXM .25-.50 keV BNL-Environmental Science

Device BNL-NSLS

ExxonMobil Research and Engineering Co.

SUNY @ Plattsburgh

SUNY @ Stony Brook

University of Texas

X1B Insertion X-ray scattering, resonant .2-1.6 keV Boston University

Device X-ray scattering, coherent BNL-NSLS

ARPES University of Groningen

UV fluorescence

XAS

X3A2 Bend XAS 3-31 keV SUNY @ Stony Brook

SAXS

XRD, single-crystal

MAD

X4A Bend MAD 3.5-20 keV Albert Einstein College of Medicine

City University of New York

Columbia University

Memorial Sloan-Kettering Cancer Center

Mount Sinai School of Medicine

New York Structural Biology Center

New York University

SUNY @ Buffalo

The Wadsworth Center of the NYS Dept of Health

Weill Medical College of Cornell University
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BeamlineGuideforActRpt

X5A Bend Laser backscattering 150-470 MeV BNL-Physics

Forschungszentrum Juelich (KFA)

Norfolk State University

Ohio University

Syracuse University

University of Paris

University of Rome II

University of South Carolina

University of Virginia

Virginia Polytechnic Inst. & State University

X6B Bend XRD, powder 7-20 keV BNL-NSLS

XRD, single-crystal

X7B Bend XRD, single-crystal 5-21 keV BNL-Chemistry

XRD, time-resolved

WAXS or WAXD

X8C Bend MAD 5-19 keV Biogen Incorporated

BNL-Biology

Hoffmann-La Roche

National Research Council of Canada

X9B Bend EXAFS 5-15 keV Albert Einstein College of Medicine

XAS National Institutes of Health

MAD

NEXAFS

X10B Bend XRD, surface 14 keV ExxonMobil Research and Engineering Co.

WAXS or WAXD

XRD, powder

X-ray reflectivity

Page 3

BEAMLINE SOURCE TYPE OF RESEARCH ENERGY RANGE ORGANIZATION

X4C Bend MAD 7-20 keV Albert Einstein College of Medicine

City University of New York

Columbia University

Memorial Sloan-Kettering Cancer Center

Mount Sinai School of Medicine

New York Structural Biology Center

New York University

Rockefeller University

SUNY @ Buffalo

The Wadsworth Center of the NYS Dept of Health

Weill Medical College of Cornell University

X6A Bend MAD 7-20 keV BNL-NSLS

X7A Bend XRD, powder 5-45 keV BNL-Physics

Chevron Research & Technology Company

Ohio State University

SUNY @ Stony Brook

University of Birmingham

University of California @ Santa Barbara

University of Pennsylvania

X8A Bend Metrology .26-5.9 keV Bechtel Nevada

Lawrence Livermore National Laboratory

Los Alamos National Laboratory

Sandia National Laboratory

X9A Bend MAD 5-15 keV Albert Einstein College of Medicine

Rockefeller University

Sloan-Kettering Institute for Cancer Research

X10A Bend XRD, time-resolved 6-15.2 keV ExxonMobil Research and Engineering Co.

WAXS or WAXD

XRD, powder

X-ray reflectivity

SAXS
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BeamlineGuideforActRpt

X11A Bend EXAFS 4.5-35 keV BNL-Environmental Science

NEXAFS Canadian Light Source

XAS Hunter College

Naval Research Laboratory

Naval Surface Warfare Center

New Jersey Institute of Technology

North Carolina State University

Northeastern University

Paul Scherrer Institute

U.S. Enivronmental Protection Agency

Virginia Union University

X12A Bend Optics R&D 5-50 keV BNL-NSLS

X12C Bend MAD 5.5-20.0 keV BNL-Biology

X14A Bend XRD, single-crystal 5-26 keV Oak Ridge National Laboratory

University of Tennessee

X15B Bend NEXAFS 1.5-15 keV SUNY @ Stony Brook

XAS

EXAFS

X16B Bend XRD, powder 7.85 keV

XRD, surface

X17B1 Insertion XRD, powder 67 keV BNL-Medical

Device 20-100 keV BNL-NSLS

Page 4

BEAMLINE SOURCE TYPE OF RESEARCH ENERGY RANGE ORGANIZATION

X10C Bend XAS 4-24 keV ExxonMobil Research and Engineering Co.

NEXAFS

EXAFS

X11B Bend EXAFS 5.0-30 keV BNL-Environmental Science

NEXAFS Canadian Light Source

XAS Hunter College

Naval Research Laboratory

Naval Surface Warfare Center

New Jersey Institute of Technology

North Carolina State University

Northeastern University

Paul Scherrer Institute

U.S. Enivronmental Protection Agency

University of Connecticut

Virginia Union University

X12B Bend MAD 5-20 keV BNL-Biology

X13A Insertion Magnetospectroscopy .2-1.8 keV BNL-NSLS

Device XMCD

X-ray scattering, resonant

X13B Insertion Microdiffraction imaging 4-16 KeV BNL-NSLS

Device X-ray microprobe

X15A Bend XSW 3-25 keV Argonne National Laboratory

DEI 10-60 keV BNL-NSLS

Canadian Light Source

Illinois Institute of Technology

North Carolina State University

Northwestern University

University of North Carolina

University of Saskatchewan

X16A Bend XRD, surface 4-12 keV University of Illinois @ Chicago

X16C Bend XAS 4.5-25 keV University of Illinois @ Chicago
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BeamlineGuideforActRpt

X17B3 Insertion High Pressure Research 20-100 keV Brookhaven National Laboratory

Device Carnegie Institute of Washington

X18A Bend XRD, surface 4-19 keV BNL-Environmental Science

XRD, powder Pennsylvania State University

X-ray reflectivity Purdue University

XRD, single-crystal University of Maryland

WAXS or WAXD University of Missouri

X19A Bend EXAFS 2-8 keV BNL-Chemistry

XAS BNL-NSLS

NEXAFS Chevron Research & Technology Company

General Electric

North Carolina State University

Rutgers University

University of Kentucky

UOP

X20A Bend Microdiffraction imaging 4.5-13 keV IBM Research Division

XRD, surface

X20C Bend XRD, surface 5-11 keV IBM Research Division

XRD, time-resolved

X22A Bend XRD, surface 10 keV BNL-Environmental Science

XRD, time-resolved 32 keV BNL-Physics

WAXS or WAXD Rutgers University

X-ray reflectivity University of Maryland

XRD, single-crystal

Page 5

BEAMLINE SOURCE TYPE OF RESEARCH ENERGY RANGE ORGANIZATION

X17B2 Insertion XRD, powder 20-100 keV SUNY @ Stony Brook

Device High Pressure Research

X17C Insertion High Pressure Research 5-80 keV Carnegie Institute of Washington

Device XRD, powder Lawrence Livermore National Laboratory

XRD, single-crystal Naval Research Laboratory

University of Chicago

X18B Bend NEXAFS 5.7-40 keV BNL-Chemistry

XAS BNL-NSLS

EXAFS Chevron Research & Technology Company

General Electric

North Carolina State University

Rutgers University

University of Kentucky

UOP

X19C Bend X-ray topography 6-17 keV Army Research Laboratory

X-ray scattering, liquid Carnegie Mellon University

X-ray reflectivity Dartmouth College

XRD, surface Johns Hopkins University

National Aeronautical and Space Agency

SUNY @ Stony Brook

University of Chicago

University of Illinois @ Chicago

University of Wisconsin

X20B Bend XRD, surface 17.4 keV IBM Research Division

X21 Insertion SAXS 5-10 keV BNL-NSLS

Device X-ray florescence

X-ray inelastic scattering

X22B Bend X-ray scattering, liquid 6.5-10 keV BNL-Physics

XRD, surface Harvard University

Rutgers University
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BeamlineGuideforActRpt

X23A2 Bend DAFS 4.7-30 keV BNL-NSLS

XAS

XRD, powder

NEXAFS

EXAFS

X24A Bend XPS 1.8-5 keV BNL-NSLS

Auger spectroscopy National Institute of Standards & Technology

XSW

EXAFS

X-ray fluorescence

X25 Insertion MAD 3-28 keV BNL-Biology

Device BNL-NSLS

X26C Bend MAD 5-20 keV BNL-Biology

Cold Spring Harbor Laboratory

SUNY @ Stony Brook

X27B Bend HARMST White Beam BNL-NSLS

X28C Bend X-ray footprinting White Beam Albert Einstein College of Medicine

Page 6

BEAMLINE SOURCE TYPE OF RESEARCH ENERGY RANGE ORGANIZATION

X22C Bend X-ray scattering, magnetic 3-12 keV BNL-Physics

X-ray reflectivity Rutgers University

XRD, surface University of Maryland

XRD, single-crystal

X23B Bend XAS 3-10.5 keV BNL-Environmental Science

XRD, powder Canadian Light Source

EXAFS Hunter College

NEXAFS Naval Research Laboratory

Naval Surface Warfare Center

New Jersey Institute of Technology

North Carolina State University

Northeastern University

Paul Scherrer Institute

U.S. Enivronmental Protection Agency

Virginia Union University

X24C Bend XPS .006-1.8 keV Naval Research Laboratory

X26A Bend X-ray microprobe 3-30 keV BNL-Environmental Science

Microdiffraction imaging University of Chicago

University of Georgia

X27A Bend X-ray microtomography 8-40 keV BNL-NSLS

X27C Bend SAXS 9 KeV Basell USA, Inc. (formerly Montell)

WAXS or WAXD Honeywell International

XRD, time-resolved National Institute of Standards & Technology

National Institutes of Health

Naval Surface Warfare Center

New Jersey Institute of Technology

SUNY @ Stony Brook

U.S. Air Force
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NSLS LINAC PARAMETERS AS OF DECEMBER 2003

                                                                Injection Energy       100 keV

                                                              Final Energy       120 MeV

                                                   Number of Sections       3

                                                  Number of Klystrons       3

                                                                 Frequency        2856 MHz

                                                                                
NSLS BOOSTER PARAMETERS

                                                                Injection Energy        120 MeV

                                                      Extraction Energy        750 MeV

                                                           Circumference        28.35 m

                                            Number of Superperiods        4

                                               Dipole Bending Radius        1.91 m

                                             Nominal Horizontal Tune        2.42

                                                Nominal Vertical Tune        1.37

                                           Maximum Horizontal Beta        8.63 m

                                           Minimum Horizontal Beta        1.01 m

                                              Maximum Vertical Beta        5.26 m

                                               Minimum Vertical Beta        1.73 m

                                                  Maximum Dispersion        1.21 m

                                                  Minimum Dispersion        0.41 m

                                              Momentum Compaction        0.106

                                                         Peak RF Voltage        25 kV

                                                            RF Frequency        52.88 MHz

                                                Horizontal Acceptance        1.66E-04 m-rad

                                                    Vertical Acceptance        6.11E-05 m-rad

                                              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 2003

                                    Normal Operating Energy     0.808 GeV
        Peak Operating Current (multibunch ops.)     1.0 amp 
                                               Circumference     51.0 meters
                   Number of Beam Ports on Dipoles     18
                          Number of Insertion  Devices     2
              Maximum Length of Insertion Devices     ~ 2.25 meters
                                                                             λc(Εc)       19.9 Å (622 eV)
                                                                              B(ρ)       1.41 Tesla (1.91 meters)
                                             Electron Orbital Period     170.2 nanoseconds
                                                          Damping Times       τx=τy= 13 msec; τε = 7 msec
                            Lifetime @ 200 mA with 52 MHz     360 min
                 (with 211 MHz Bunch Lengthening)     (590 min)
                 Lattice Structure (Chasman-Green)     Separated Function, Quad, Doublets
                                 Number of Superperiods     4
                                                                                                   8 Bending        (1.5 meters each)
                                      Magnet Complement         24 Quadrupole   (0.3 meters each)
                                                                             12  Sextupole    (0.2 meters each)
                                                 Nominal Tunes (νx,νy)       3.14, 1.26
                                           Momentum Compaction     0.0235
                                                RF Frequency     52.887 MHz
                                              Radiated Power     20.4 kW/amp of Beam
RF Peak Voltage with 52 MHz (with 211 MHz)        80 kV (20kV)
  Design RF Power with 52 MHz (with 211 MHz)     50 kW (10 kW)
                                                Synchrotron Tune (νs)       0.0018
                           Natural Energy Spread (σe/E)       5.0 x 10-4 , lb< 20 mA
                                                    Bunch Length (2σ)       9.7 cm (lb < 20 mA)
            (2Lrms with 211 MHz Bunch Lengthening)     (36 cm)
                                              Number of RF Buckets     9
                                        Typical Bunch Mode     7
                         Horizontal Damped Emittance (εx)       160 nm-rad
                              Vertical Damped Emittance (εy)       ≥ 0.35 nm-rad (4nm-rad in normal ops.)*
           Power per Horizontal Milliradian (@ 1A)     3.2 Watts

* εy is adjustable

{

    Source Divergence (σ′x, σ′y)      112 µrad, >7.7 µrad (22 µrad in normal ops.)*

INSERTION DEVICE PARAMETERS

        Betatron Function (βx,βy)      11.1 m, 5.84 m

                    Source Size (σx,σy)       1240 µm, >45 µm (220 µm in normal ops.)*   

           Betatron Function (βx,βy)       1.18 to 2.25 m, 10.26 to 14.21 m

        Dispersion Function (ηx,η′x)       0.500 to 0.062 m, 0.743 to 0.093 m

                                αx,y = -β’ x y/2       -0.046 to 1.087, 3.18 to -0.96

                         γx,y =(1 +α2
x,y)/βx,y       0.738 to 0.970 m-1, 1.083 to 0.135 m-1

                       Source Size (σx,σy)       536 to 568 µm, >60 to >70 µm (170-200 µm in normal ops.)*

        Source Divergence (σ′x,σ′y)       686 to 373 µrad, 19.5 to 6.9 µrad (55-20 µrad in normal ops.)*

ARC SOURCE PARAMETERS
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X-RAY STORAGE RING PARAMETERS AS OF DECEMBER 2003

                                 Normal Operating Energies     2.800 GeV
                           Maximum Operating Current     280 mA
                                                        Lifetime     ~20 hours
                                               Circumference     170.1 meters
                   Number of Beam Ports on Dipoles     30
                           Number of Insertion Devices     6
              Maximum Length of Insertion Devices     < 4.50 meters
                                                          λc(Ec) at 1.36 T    1.75 Å (7.1 keV)
                                                     λc(Ec) at 5.0 T (W)     0.48 Å (26.1 keV) 
                                                                               B(ρ)       1.36 Tesla (6.875 meters)
                                    Electron Orbital Period     567.2 nanoseconds
                                             Damping Times       τx = τy =4 msec; τε =2 msec
                      Lattice Structure (Chasman-Green)     Separated Function, Quad Triplets
                                 Number of Superperiods     8
                                                                                               16 Bending       (2.7 meters each)
                                      Magnet Complement          40 Quadrupole  (0.45 meters each)
                                                                              16 Quadrupole  (0.80 meters each)
                                                                                               32 Sextupole    (0.20 meters each)
                                       Nominal Tunes (νx,νy)       9.8, 5.7
                                           Momentum Compaction     4.10-3

                                                RF Frequency     52.88 MHz
               Radiated Power for Bending Magnets     198 kW (0.25A)
                                                         RF Peak Voltage     1120 kV 
                                            Design RF Power     450 kW
                                               Synchrotron Tune (νs)      0.0023
                                 Natural Energy Spread (σe/E)       9.2 x 10-4

                                      Natural Bunch Length (2σ)       8.7 cm 
                                    Number of RF Buckets     30
                                        Typical Bunch Mode     25
                    Horizontal Damped Emittance (εx)       7.5 x 10-8 meter-rad
                        Vertical Damped Emittance (εy)       1.5 x 10-10 meter-rad
                        Power per Horizontal Milliradian (0.25A)     32W
                                                                             

{

INSERTION DEVICE PARAMETERS

   Betatron Function (βx, βy)      1.60 m, 0.35 m

            Source Size (σx,σy)      300 µm, 6 µm 
Source Divergence (σx′, σy′)      260 µrad, 35 µrad

ARC SOURCE PARAMETERS

      Betatron Function (βx,βy)       1.0 to 3.8 m, 7.9 to 26.5 m

   Dispersion Function (ηx,η′x)       0.47 to -0.11, -0.39 to 0.22

                              αx,y = -β’ x,y/2       -0.49 to 1.62, -3.4 to 4.5

                       γx,y =(1 +α2
x,y)/βx,y       0.952 to 0.962 m-1, 0.81 to 0.52 m-1

                 Source Size (σx,σy)       371 to 612 µm, 27 to 53 µm

   Source Divergence (σx′,σy′)       476 to 324 µrad, 9 to 7 µrad
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FY 2003 NSLS MACHINE ACTIVITIES

UNSCHEDULED 
OPERATIONS MAINTENANCE

SCHEDULED 
OPERATIONS

UV/IR

X-RAY

Activity

Operations

Unscheduled Operations

Maintenance

Other

X-RAY

67.0% 52.2%

7.2% 6.1%

14.6% 20.4%

21.2%11.2%

Full Year 8760 hours 100 hours=1.1% 

“Other” FY 2003 Activities

Commissioning

Holidays

Injection

Interlocks

Unscheduled
Downtime

FISCAL YEAR 2003

Note: Delivered hours are only those 
accumulated during scheduled opera-
tions. Unscheduled operations do not 
contribute to this total.

2%

4%
6%

   

October 617 99.8%  104.7% 532 96.2% 114.9%

November 521 98.2%  101.3% 457 96.0% 101.7%

December 0 - - 0 - -

January 440 99.3%  122.6% 214 16.0% 24.4%

February 546 99.6%  106.6% 492 96.5% 108.3%

March 617 99.4%  107.9% 556 99.0% 107.2%

April 595 97.3%  106.2% 552 83.3% 94.6%

May 338 95.1%  112.3% 256 65.4% 65.4%

June 597 98.6%  106.2% 535 95.6% 101.8%

July 515 99.4%  111.4% 510 99.9% 105.3%

August 615 90.5%  103.5% 547 82.1% 96.3%

September 592 99.9%  115.0% 495 94.6% 112.0%

5993                                            5146

Fiscal 2003
Delivered         5871         98.0%      108.4%      4575        88.9%         99.3%        

PLANNED 
HOURSMONTH

PLANNED 
HOURS

VUV ACTUAL FY 03

RELIABILITY1 AVAILABILITY2

X-RAY ACTUAL FY 03

RELIABILITY1 AVAILABILITY2

Studies

UV/IR

1 Operations during scheduled time
2 Operations compared to total             
scheduled time

OTHER
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The following pages list all publication citations 
reported to the NSLS in FY 2003 (October 1, 2002 
through September 30, 2003). Citations are listed in 
order of beamline number and then alphabetically by 
the last name of the first author. This list contains 
unique citations for journal, published conference 
proceedings, books, chapters in books, formal reports, 
informal reports, technical reports, theses, 
dissertations, and patents when reported. 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. Citations bearing publication dates prior to the 
Year 2003 are listed only if they had not been 
previously reported to the NSLS and did not appear in 
a prior fiscal year�s activity report. Diligent effort has 
been made to ensure that each reference is unique 
and complete. For journal articles, online searches 
were performed to locate missing reference 
information (e.g., year of publication, volume, issue or 
page numbers). With regard to conference papers, 
considerable effort was put into ensuring that the 
citations appeared in published proceedings. Many 
citations for conferences papers have been omitted 
from this list if verification could not be made. We 
apologize to our users and authors for any citations 
incorrectly omitted.  

Several types of journal articles are reported in 
this list, including premiere journals, peer-reviewed 
journals and a few that are not peer-reviewed. 
Premiere journals include: Physical Review Letters, 
Science, Nature, Cell, EMBO Journal, Nature Structural 
Biology, Proceedings of the National Academy of 
Sciences of the United States of America, Structure, 
and Applied Physics Letters. 

In FY 2003, the following types and numbers of 
publication citations were reported to the NSLS where 
research was performed in part or in whole at the 
NSLS. 

Journals, peer-reviewed, premiere 113 
Journals, other peer-reviewed 440 
Journals, non peer-reviewed 22 
Total Journals and Magazines 575

Books/Chapters in Books 17 
Published Conference Proceedings 59 
Reports: Technical, Formal, Informal 1 
Theses/Dissertations 9 
Patents 1 
Total Misc. Publications 87

Total Citations Listed 662 

NSLS VUV User Publications 76
NSLS X-Ray User Publications 489
NSLS Staff Publications 97
 662 

NSLS Users 

Beamline U1A 

M Zwahlen, D Brovelli, W Caseri, G Haehner. 
Orientation and Electronic Structure of Ion-
Exchanged Pyridinium Compounds on Mica. J. 
Colloid Interface Sci.. 256, 262 (2002).  

Beamline U2A 

B Chen, D Muthu, Z Liu, A Sleight, M Kruger. High-
pressure Optical Study of HfW2O8. J. Phys.: 
Condens. Matter. 14, 13911-13916 (2002).  

E Gregoryanz, A Goncharov, R Hemley, H Mao, M 
Somayazulu, G Shen. Raman. Infrared, and x-ray 
evidence for new phases of. Phys. Rev. B: 
Condens. Matter. 66, 224108 (2002).  

R Hemley, Z Liu, E Gregoryanz, H Mao. Infrared and 
Raman Microspectroscopy of Materials Under 
Pressure. Microscopy and Microanalysis, Vol 9, p. 
1098, (2003).  

R Hemley, H Mao. Overview of static high pressure 
science, in High-Pressure Phenomena. Proceedings 
of the International School of Physics, "Enrico 
Fermi" Course CXLVII, p. 3-40, IOS Press, 
Amsterdam. (2002).  

R Hemley, H Mao. New window on earth and 
planetary interiors. Miner. Mag.. 66, 791-811 
(2002).  

Z Liu, J Hu, H Yang, H Mao, R Hemley. High-pressure 
Synchrotron X-ray Diffraction and Infrared 
Microspectroscopy: Application to Dense Hydrous 
Phases. J. Phys.: Condens. Matter. 14, 10641-
10646 (2002).  

Z Liu, G Lager, R Hemley, N Ross. Synchrotron 
Infrared Spectroscopic Study of OH-chondrodite 
and OH-clinohumite at High Pressure. Am. 
Mineral.. 88, 1412 (2003).  

Y Song, R Hemley, Z Liu, M Mosayazulu, H Mao, D 
Herschbach. High-pressure stability, 
transformations, and vibrational dynamics of 
nitrosonium nitrate from synchrotron infrared and 
Raman spectroscopy. J. Chem. Phys.. 119 (4), 
2232 (2002).  

H Yang, C Prewitt, Z Liu. Crystal structures and 
infrared spectra of two Fe-bearing hydrous 
magnesium silicates synthesized at high 
temperature and pressure. J. Miner. Petrological 
Sci.. 97, 137-143 (2002).  

Beamline U2B 

L Cho, J Reffner, B Gatewood, D Wetzel. Single Fiber 
Analysis by Internal Reflection Infrared 
Microspectroscopy. J. of Forsensic Sci.. 46 (6), 
1309-1314 (2001).  

A Eilert, J Sweat, D Wetzel. Parabolic Concentration 
of Diffusely Transmitted Near-IR Radiation in an 
Acousto-Optic Tunable Filter Spectrometer. J. Near 
Infrared Spectrosc.. 8, 239-250 (2000).  

A Eilert, D Wetzel. Optics and Sample Handling for 
Near-Infrared Diffuse Reflection. Handbook of 
Vibrational Spectroscopy, p. 436-452, Wiley, 
Chichester. (2002).  
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R Huang, L Miller, C Carlson, M Chance. FTIR Analysis 
of Tibia Bone from Ovariectomized Cynomolgus 
Monkeys (Macaca fascialaris) and the Effect of 
Nandrolone Deconoate Treatment. Bone. 30 (2), 
492-497 (2002).  

S Judex, S Boyd, Y Qin, L Miller, R Muller, C Rubin. 
Combining High-Resolution MicroCT with Material 
Composition to Define the Quality of Bone Tissue. 
Curr. Osteoporosis Reports. 1, 11-19 (2003).  

J Radel, J Homan, D Wallace, D Wetzel, S LeVine. FT-
IR Microspectroscopic Chemical Analysis of 
Photoreceptor Outer Segment Changes Resulting 
from Oxidative Stress. Invest. Opht. Vis. Sci.. 41
(4), S23 (2000).  

J Sweat, D Wetzel. Near Infrared Acousto-Optic 
Tunable Filter Based Instrumentation for the 
Measurement of Dynamic Spectra of Polymers. Rev. 
Sci. Instrum.. 72 (4), 2153-2158 (2001).  

D Wetzel, A Eilert, J Sweat. Tunable Filter and Discrete 
Filter Near-IR Spectrometers. Handbook of 
Vibrational Spectroscopy, p. 436-452, Wiley, 
Chichester. (2002).  

D Wetzel, S LeVine. Biological Applications of Infrared 
Microspectroscopy. Infrared and Raman 
Spectroscopy of Biological Materials, p. 101-142, 
Marcel Dekkar, New York. (2000).  

D Wetzel, J Reffner. Infrared Spectroscopy goes 
Microscopic. Chem. Ind.. 9 (8), 308-313 (2000).  

D Wetzel, P Srivarin, J Finney. Revealing Protein 
Infrared Spectral Detail in a Heterogenous Matrix 
Dominated by Starch. Vib. Spectrosc.. 31, 109-114 
(2003).  

D Wetzel, S LeVine. Spatially Resolved Improved FT-
IR Microspectroscopy of Deuterated Species in 
Tissue. Microscopy and Microanalysis, Vol 8, p. 
1502, (2002).  

D Wetzel, G Williams. Synchrotron Infrared 
Microspectroscopy of Retinal Layers. Vib. Spectrosc..
30, 101-109 (2002).  

D Wetzel. A New Approach to the Problem of 
Dispersive Windows in Infrared Microspectroscopy. 
Vib. Spectrosc.. 29, 291-297 (2002).  

D Wetzel. Sensitive Infrared Narrow Band Optimized 
Microspectrometer. Vib. Spectrosc.. 29, 291-297 
(2002).  

D Wetzel. Contemporary Near-Infrared 
Instrumentation. Near Infrared Technology in the 
Agricultural and Food Industries, p. 129-144, Am. 
Assoc. Cereal Chem., St. Paul. (2001).  

Beamline U4B 

M Harris, G Appel, H Ade. Surface Morphology of 
Annealed Polystyrene and Poly(methyl methacrylate) 
Thin Film Blends and Bilayers. Macromolecules. 36,
3307-3314 (2003).  

A Lussier, Y Idzerda, S Stadler, S Ogale, S Shinde, V 
Venkatesan. Characterization for Strontium 
Titanate/Fe3O4 and TiN/Fe3O4 Interfaces. J. Vac. 
Sci. Technol., B. 20 (4), 1609-1613 (2002).  

Beamline U4IR 

A Boris, D Munzar, N Kovaleva, B Liang, C Lin, A 
Dubroka, T Holden, B Keimer, C Bernhard, et al.. 
Josephson Plasma Resonanse and Phonon Anomalies 

in Trilayer Bi2Sr2Ca2Cu3O10. Phys. Rev. Lett.. 89
(27), 277001 (2002).  

G Carr. Dynamics of GaAs photocarriers probed with 
pulsed infrared synchrotron radiation. Nucl. 
Instrum. Meth. B. 199, 323 (2003).  

G Flynn, L Keller. Synchrotron FTIR Examination of 
Interplanetary Dust Particles: An Effort to 
Determine the Compounds and Minerals in 
Interstellar and Circumstellar Dust. Laboratory 
Astrophysics Workshop, Vol NASA CP-2002-
211863, p. 201-203, sponsored by NASA. (2002).  

L Miller, G Smith, G Carr. Synchrotron-based 
Biological Microspectroscopy: From the Mid- to the 
Far-Infrared Regimes. J. Biol. Phys.. 29 (1), 219-
230 (2003).  

Beamline U5UA 

I Baek, H Lee, H Kim, E Vescovo. Spin Reorientation 
Transition in Fe(110) Thin Films: The Role of 
Surface Anisotropy. Phys. Lett. B. 67, 075401 
(2003).  

Beamline U7A 

D Abraham, R Twesten, M Balasubramanian, J Kropf, 
D Fischer, J McBreen, I Petrov, K Amine. The 
Electrochemistry of Germanium Nitride with 
Lithium. J. Electrochem. Soc.. 150 (11), A1450-
A1456 (2003).  

L Andruzzi, W Senaratne, A Hexemer, C Ober, E 
Kramer. PEG-Based Biostable Surfaces by 
Controlled Radical Polymerization. Polymeric 
Materials: Science & Engineering, Vol 88, p. 604-
605, sponsored by ACS. (2003).  

R Bhat, J Genzer, B Chaney, H Sugg, A Liebmann-
Vinson. Controlling the Assemblies of Nanoparticles 
using Molecular and Macromolecular Gradients. 
Nanotech.. 14, 1145-1152 (2003).  

R Bubeck, L Thomas, W Burghardt, S Rendon, A 
Hexemer, B Hart. Mechanical and Morphological 
Anisotropy in a Thermotropic Liquid Crystalline 
Polymer. 12th International Conference on 
Deformation, Yield, and Fracture of Polymers, Vol 
12, p. 155 - 158, sponsored by The Plastics and 
Rubber Division of the Institute of Materials, 
Minerals, and Mining. (2003).  

J Genzer, D Fischer, K Efimenko. Combinatorial near-
edge x-ray absorption fine structure: Simultaneous 
determination of molecular orientation and bond 
concentration on chemically heterogeneous 
surfaces. Appl. Phys. Lett.. 82, 266 (2003).  

J Genzer, K Efimenko, D Fischer. Molecular 
Orientation and Grafting Density in Semifluorinated 
Self-Assembled Monolayers of Mono-, Di-, and 
Trichloro Silanes on Silica Substrates. Langmuir.
18, 9307-9311 (2002).  

J Genzer, D Fischer, K Efimenko. Fabricating Two-
Dimensional Molecular Gradients via Asymmetric 
Deformation of Uniformly-Coated Elastomer 
Sheets. Advanced Materials. 15 (18), 1545-1547 
(2003).  

J Genzer, E Kramer, D Fischer. Application of near-
edge absorption fine structure (NEXAFS) to studies 
of surface molecular orientation of model organic 
molecules. J. Appl. Phys.. 92, 7070 (2002).  
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S Kang, M Liang, X Li, F Chiellini, C Ober, E Kramer. 
Surface Active Block Copolymers (SABC): Biofouling 
Resistant Coatings from Chemically Modified 
Polymers. Polymeric Materials: Science & 
Engineering, Vol 84, p. 14-15, sponsored by ACS. 
(2001).  

J Lenhart, R Jones, E Lin, C Soles, W Wu, S 
Sambasivan, D Goldfarb, M Angelopoulos. Probing 
Surface and Bulk Chemistry in Resist Films using 
near-edge x-ray absorption fine structure. J. Vac. 
Sci. Technol., B. 20 (6), 2920-2926 (2002).  

Q Li, L Wu, Y Zhu, A Moodenbaugh, G Gu, M Suenaga, 
Z Ye, D Fischer. Comparitive studies fo MgB2/Mg 
Nano-composites and press-sintered MgB2 pellets. 
IEEE Trans. Appl. Superconductivity. 13, 3051-3055 
(2003).  
X Li. Studies of Block Copolymers in Surface 
Engineering and Nanotechnology. Ph.D. Thesis. 
Cornell University, Ithaca. (2003).  

G Liu, J Rodriguez, J Hrbek, B Long, D Chen. 
Interaction of Thiophene with Titania Surfaces. J.
Mol. Catal. A: Chem.. 202, 215-227 (2003).  

P Liu, J Rodriguez, J Muckerman, J Hrbek. Interaction 
of CO, O, and S with metal nanoparticles on 
Au(111): A theoretical study. Phys. Rev. B. 67,
155416-1-155416-10 (2003).  

G Long, A Allen, D Black, H Burdette, D Fischer, R 
Spal, J Woicik. National Institute of Standards and 
Technology synchrotron radiation facilities for 
materials science. J. Res - NIST. 106, 1141 (2002).  

A Maiti, J Rodriguez, M Law, P Kung, J McKinney, P 
Yang. SnO2 Nanoribons as NO2 Sensors. Nano Lett..
3, 1025-1028 (2003).  

A Marsh. Mechanisms of Deep Catalytic Oxidation of 
Aromatic Hydrocarbons on a Platinum Single Crystal 
Surface. Ph.D. Thesis. University of Michigan, Ann 
Arbor. (2003).  

J McBreen, X Yang, M Balasubramanian, X Sun, H Lee. 
Synchrotron X-ray Studies of Lithium-Ion Battery 
Components. The 43rd Battery Symposium in Japan,
Vol 2I, p. 46, sponsored by The Electrochemical 
Society of Japan. (2002).  

G Meitzner, D Fischer. Distortions of fluoresence yield 
X-ray absorption spectra due to sample thickness. 
Microchem. J.. 71, 281 (2002).  

C Ober, J Youngblood, L Andruzzi, W Senaratne, X Li, 
A Hexemer, E Kramer. Block Copolymers as Surface 
Modifiers: Synthesis, Characterization and Relevance 
to Fouling Release and Biostability. Polymeric 
Materials: Science & Engineering, Vol 88, p. 612-
613, sponsored by ACS. (2003).  

D Pospiech, D Jehnichen, A Gottwald, L Häussler, U 
Scheler, P Friedel, W Kollig, C Ober, X Li, et al.. 
Investigation of the Microphase Separation in 
Semifluorinated Polyesters. Polymeric Materials: 
Science & Engineering, Vol 84, p. 314-315, 
sponsored by ACS. (2001).  

J Rodriguez, P Liu, J Dvorak, T Jirsak, J Gomes, Y 
Takahashi, K Nakamura. Adsorption and 
decomposition of SO2 on TiC(001): An experimental 
and theoretical study. Surf. Sci. Lett.. 543, L675-
L682 (2003).  

J Rodriguez, M Perez, T Jirsak, J Evans, J Hrbek, L 
Gonzalez. Activation of Au nanoparticles on oxide 
surfaces: reaction of SO2 with Au/MgO(100). Chem. 
Phys. Lett.. 378, 526-532 (2003).  

J Rodriguez, J Dvorak, T Jirsak, G Liu, J Hrbek, Y Aray, 
C Gonzalez. Coverage Effects and the Nature of the 

Metal-Sulfur Bond in S/Au(111): High Resolution 
Photoemission and Density-Functional Studies. J. 
Am. Chem. Soc.. 125, 276-285 (2003).  

W Senaratne, L Andruzzi, D Holowka, B Ilic, A 
Hexemer, B Baird, C Ober, E Kramer. Exploring the 
Potential of Surface Grown PEG-Polymer Brushes 
for Biotechnology Applications. Polymeric 
Materials: Science & Engineering, Vol 88, p. 337-
338 , sponsored by ACS. (2003).  

Z Song, T Cai, Z Chang, G Liu, J Rodriguez, J Hrbek. 
Molecular Level Study of the Formation and the 
Spread of MoO3 on Au (111) by Scanning 
Tunneling Microscopy and X-ray Photoelectron 
Spectroscopy. J. Am. Chem. Soc.. 125, 8059-8066 
(2003).  

W Wallace, D Fischer. Resonant soft X-ray 
photofragmentation of propane. J. Electron. 
Spectrosc. Relat. Phenom.. 130, 1-6 (2003).  

T Wu, K Efimenko, P Vlcek, V Subr, J Genzer. 
Formation and Properties of Anchored Polymers 
with a Gradual Variation of Grafting Densities on 
Flat Substrates. Macromolecules. 36, 2448-2453 
(2003).  

J Youngblood, L Andruzzi, C Ober, A Hexemer, E 
Kramer, J Callow, J Finley, M Callow. Coatings 
Based on Side-chain Ether-linked Poly(ethylene 
glycol) and Fluorocarbon Polymers for the Control 
of Marine Biofouling. Biofouling. 19 (supplement), 
91-98 (2003).  

Beamline U8B 

K Miller. C-H and C-C Bond Activations of Organic 
Molecues by Stable Germylenes. Ph.D. Thesis. 
University of Michigan, Ann Arbor. (2002).  

T Owens, S Süzer, M Banaszak Holl. Variable Energy 
X-ray Photoemission Studies of Alkylsilane Based 
Monolayers on Gold. J. Phys. Chem. B. 107 (14), 
3177-3182 (2003).  

K Schneider. Scanning Tunneling Microscopy 
Investigation of Spherosiloxane- and Alkylsilane-
Based Monolayers. Ph.D. Thesis. University of 
Michigan, Ann Arbor. (2003).  

K Schneider, K Nicholson, T Owens, B Orr, M 
Banaszak Holl. The differential reactivity of 
octahydridosilsesquioxane on Si(100)-2×1 and 
Si(111)-7×7: a comparitive experimental study. 
Ultramicroscopy. 97, 35-43 (2003).  

S Süzer, S Sayan, M Banaszak Holl, E Garfunkel, Z 
Hussain, N Hamdan. Soft X-ray photoemission 
studies of Hf oxidation. J. Vac. Sci. Technol., A. 21
(1), 106-109 (2003).  

Beamline U10A 

D Basov, A Bratkovsky, P Henning, B Zink, F 
Hellman, Y Wang, C Home, M Strongin. Infrared 
probe of metal-insulator transition in Si1-xGdx and 
Si1-xYx amorphous alloys in magnetic field. 
Europhys. Lett.. 57, 240-246 (2002).  

C Bernhard, T Holden, J Humlicek, D Munzar, A 
Golnik, M Klaser, T Wolf, L Carr, C Homes, et al.. 
In-plane polarized collective modes in detwined 
Yba2Cu3O6.95 observed by spectral ellipsometry. 
Solid State Commun.. 121, 1963-1967 (2002).  
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C Homes, J Tranquada, Q Li, A Moodenbaugh. Mid-
infrared conductivity from mid-gap states associated 
with charge stripes. Phys. Rev. B. 67, 184516 
(2003).  

C Homes, Q Li, A Moodenbaugh, P Fournier, R Greene. 
Infrared optical properties of Pr2CuO4. Phys. Rev. B: 
Condens. Matter. 66, 144511 (2002).  

C Homes, T Vogt, S Shapiro, S Wakimoto, M 
Subramanian, A Ramirez. Charge transfer in high 
dielectric constant materials CaCu(3)Ti(4)O(12) and 
CdCu(3)Ti(4)O(12). Phys. Rev. B: Condens. Matter.
67, 092106 (2003).  

J Tu, C Homes, G Gu, D Basov, M Strongin. Optical 
studies of charge dynamics in the optimally doped 
Bi2Sr2CaCu2O8+delta. Phys. Rev. B. 66, 144514 
(2002).  

J Tu, C Homes, G Gu, M Strongin. A systematic optical 
study of phonon properties in optimally doped 
Bi2Sr2CaCu2O8+delta. Physica B. 316-317, 324-
327 (2002).  

G Tzamalis, N Zaidi, C Homes, A Monkman. Doping 
dependent studies of the Anderson-Mott localization 
in polyaniline at the metal-insulator boundary. Phys. 
Rev. B. 66, 085202 (2002).  

Beamline U10B 

D Chidambaram, M Jaime Vasquez, G Halada, C 
Clayton. Studies on the repassivation behavior of 
aluminum and aluminum alloy exposed to chromate 
solutions. Surf. Interface Anal.. 35 (2), 226 (2003).  

A Eilert, J Sweat, D Wetzel. Parabolic Concentration of 
Diffusely Transmitted Near-IR Radiation in an 
Acousto-Optic Tunable Filter Spectrometer. J. Near 
Infrared Spectrosc.. 8, 239-250 (2000).  

C Eng, G Halada, A Francis, C Dodge, J Gillow. 
Uranium Association with Corroding Carbon Steel 
Surfaces. Surf. Interface Anal.. 35, 525-535 (2003).  

S Federman, L Miller, I Sagi. Following Matrix 
Metalloproteinases Activity Near the Cell Boundary 
by Infrared Micro-Spectroscopy. Matrix Biol.. 21,
567-577 (2002).  

G Flynn, L Keller. Synchrotron FTIR Examination of 
Interplanetary Dust Particles: An Effort to Determine 
the Compounds and Minerals in Interstellar and 
Circumstellar Dust. Laboratory Astrophysics 
Workshop, Vol NASA CP-2002-211863 , p. 201-203, 
sponsored by NASA. (2002).  

K Gough, D Zielinski, R Wiens, M Rak, I Dixon. Fourier 
transform infrared evaluation of microscopic scarring 
in the cardiomyopathic heart: Effect of chronic AT1 
suppression. Anal. Biochem.. 316, 232-242 (2003).  

R Huang, L Miller, C Carlson, M Chance. FTIR Analysis 
of Tibia Bone from Ovariectomized Cynomolgus 
Monkeys (Macaca fascialaris) and the Effect of 
Nandrolone Deconoate Treatment. Bone. 30 (2), 
492-497 (2002).  

N Jamin, L Miller, J Moncuit, W Fridman, P Dumas, J 
Teillaud. Chemical Heterogeneity in Cell Death: 
Combined Synchrotron IR and Fluorescence 
Microscopy Studies of Single Apoptotic and Necrotic 
Cells. Biopolymers. 72 (5), 366-373 (2003).  

V Joshi, R Powell, F Furuya, I Hainfeld. Metal carbonyl 
clusters as infrared labels for biosensing. American 
Chemical Society National Meeting, Vol Fall 2003, p. 
Inorg-73, sponsored by American Chemical Society. 
(2003).  

S Judex, S Boyd, Y Qin, L Miller, R Muller, C Rubin. 
Combining High-Resolution MicroCT with Material 
Composition to Define the Quality of Bone Tissue. 
Curr. Osteoporosis Reports. 1, 11-19 (2003).  

A Lanzirotti, L Miller. Imaging and Microspectroscopy 
at the National Synchrotron Light Source. Synch. 
Rad. News. 15 (6), 17-26 (2003).  

Y Mei, L Miller, W Gao, R Gross. Imaging the 
Distribution and Secondary Structure of 
Immobilized Enzymes using Infrared 
Microspectroscopy. Biomacromolecules. 4 (1), 70-
74 (2003).  

L Miller, P Dumas, N Jamin, J Teillaud, J Miklossy, L 
Forro. Combining IR Spectroscopy and 
Fluorescence Imaging in a Single Microscope: 
Biomedical Applications using a Synchrotron 
Infrared Source. Rev. Sci. Instrum.. 73, 1357-
1360 (2002).  

L Miller, G Smith, G Carr. Synchrotron-based 
Biological Microspectroscopy: From the Mid- to the 
Far-Infrared Regimes. J. Biol. Phys.. 29 (1), 219-
230 (2003).  

L Miller, T Tague. Development and Biomedical 
Applications of Fluorescence-assisted Synchrotron 
Infrared Micro-Spectroscopy. Vib. Spectrosc.. 849,
1-7 (2002).  

J Radel, J Homan, D Wallace, D Wetzel, S LeVine. 
FT-IR Microspectroscopic Chemical Analysis of 
Photoreceptor Outer Segment Changes Resulting 
from Oxidative Stress. Invest. Opht. Vis. Sci.. 41
(4), S23 (2000).  

D Wetzel, P Srivarin, J Finney. Revealing Protein 
Infrared Spectral Detail in a Heterogenous Matrix 
Dominated by Starch. Vib. Spectrosc.. 31, 109-114 
(2003).  

D Wetzel, S LeVine. Biological Applications of 
Infrared Microspectroscopy. Infrared and Raman 
Spectroscopy of Biological Materials, p. 101-142, 
Marcel Dekkar, New York. (2000).  

D Wetzel, J Reffner. Infrared Spectroscopy goes 
Microscopic. Chem. Ind.. 9 (8), 308-313 (2000).  

P Yu, J McKinnon, C Christensen, D Christensen, N 
Marinkovic, L Miller. Chemical Imaging of Micro-
Structures of Plant Tissues within Cellular 
Dimension Using Synchrotron Infrared 
Microspectroscopy. J. Agr. Food Chem.. 51 (20), 
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Enhanced Imaging Contrast Mechanisms in Breast 



7-30 NSLS ACTIVITY REPORT PUBLICATIONS 7-31 

Cancer Specimens. Med. Phys.. 29, 2216-2221 
(2002).  
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Composition to Define the Quality of Bone Tissue. 
Curr. Osteoporosis Reports. 1, 11-19 (2003).  

S Kramer, B Podobedov. Coherent Microwave 
Synchrotron Radiation in the VUV Ring. Proceedings 
of Eighth European Particle Accelerator Conference 
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Malone, X Wang, V Yakimenko. Experimental 
Characterization of Emittance Growth Induced the 
the Nonuniform Transverse Laser Distribution in a 
Photoinjector. Phys. Rev. ST AB. 5, 094203 (2002). 



PUBLICATIONS 7-3 

The following pages list all publication citations 
reported to the NSLS in FY 2003 (October 1, 2002 
through September 30, 2003). Citations are listed in 
order of beamline number and then alphabetically by 
the last name of the first author. This list contains 
unique citations for journal, published conference 
proceedings, books, chapters in books, formal reports, 
informal reports, technical reports, theses, 
dissertations, and patents when reported. 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. Citations bearing publication dates prior to the 
Year 2003 are listed only if they had not been 
previously reported to the NSLS and did not appear in 
a prior fiscal year�s activity report. Diligent effort has 
been made to ensure that each reference is unique 
and complete. For journal articles, online searches 
were performed to locate missing reference 
information (e.g., year of publication, volume, issue or 
page numbers). With regard to conference papers, 
considerable effort was put into ensuring that the 
citations appeared in published proceedings. Many 
citations for conferences papers have been omitted 
from this list if verification could not be made. We 
apologize to our users and authors for any citations 
incorrectly omitted.  

Several types of journal articles are reported in 
this list, including premiere journals, peer-reviewed 
journals and a few that are not peer-reviewed. 
Premiere journals include: Physical Review Letters, 
Science, Nature, Cell, EMBO Journal, Nature Structural 
Biology, Proceedings of the National Academy of 
Sciences of the United States of America, Structure, 
and Applied Physics Letters. 

In FY 2003, the following types and numbers of 
publication citations were reported to the NSLS where 
research was performed in part or in whole at the 
NSLS. 

Journals, peer-reviewed, premiere 113 
Journals, other peer-reviewed 440 
Journals, non peer-reviewed 22 
Total Journals and Magazines 575

Books/Chapters in Books 17 
Published Conference Proceedings 59 
Reports: Technical, Formal, Informal 1 
Theses/Dissertations 9 
Patents 1 
Total Misc. Publications 87

Total Citations Listed 662 

NSLS VUV User Publications 76
NSLS X-Ray User Publications 489
NSLS Staff Publications 97
 662 

NSLS Users 
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M Zwahlen, D Brovelli, W Caseri, G Haehner. 
Orientation and Electronic Structure of Ion-
Exchanged Pyridinium Compounds on Mica. J. 
Colloid Interface Sci.. 256, 262 (2002).  
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B Chen, D Muthu, Z Liu, A Sleight, M Kruger. High-
pressure Optical Study of HfW2O8. J. Phys.: 
Condens. Matter. 14, 13911-13916 (2002).  

E Gregoryanz, A Goncharov, R Hemley, H Mao, M 
Somayazulu, G Shen. Raman. Infrared, and x-ray 
evidence for new phases of. Phys. Rev. B: 
Condens. Matter. 66, 224108 (2002).  

R Hemley, Z Liu, E Gregoryanz, H Mao. Infrared and 
Raman Microspectroscopy of Materials Under 
Pressure. Microscopy and Microanalysis, Vol 9, p. 
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R Hemley, H Mao. Overview of static high pressure 
science, in High-Pressure Phenomena. Proceedings 
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Fermi" Course CXLVII, p. 3-40, IOS Press, 
Amsterdam. (2002).  
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transformations, and vibrational dynamics of 
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H Yang, C Prewitt, Z Liu. Crystal structures and 
infrared spectra of two Fe-bearing hydrous 
magnesium silicates synthesized at high 
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Sci.. 97, 137-143 (2002).  
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L Cho, J Reffner, B Gatewood, D Wetzel. Single Fiber 
Analysis by Internal Reflection Infrared 
Microspectroscopy. J. of Forsensic Sci.. 46 (6), 
1309-1314 (2001).  

A Eilert, J Sweat, D Wetzel. Parabolic Concentration 
of Diffusely Transmitted Near-IR Radiation in an 
Acousto-Optic Tunable Filter Spectrometer. J. Near 
Infrared Spectrosc.. 8, 239-250 (2000).  

A Eilert, D Wetzel. Optics and Sample Handling for 
Near-Infrared Diffuse Reflection. Handbook of 
Vibrational Spectroscopy, p. 436-452, Wiley, 
Chichester. (2002).  
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R Huang, L Miller, C Carlson, M Chance. FTIR Analysis 
of Tibia Bone from Ovariectomized Cynomolgus 
Monkeys (Macaca fascialaris) and the Effect of 
Nandrolone Deconoate Treatment. Bone. 30 (2), 
492-497 (2002).  

S Judex, S Boyd, Y Qin, L Miller, R Muller, C Rubin. 
Combining High-Resolution MicroCT with Material 
Composition to Define the Quality of Bone Tissue. 
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Photoreceptor Outer Segment Changes Resulting 
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(4), S23 (2000).  

J Sweat, D Wetzel. Near Infrared Acousto-Optic 
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Thin Film Blends and Bilayers. Macromolecules. 36,
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Sci. Technol., B. 20 (4), 1609-1613 (2002).  
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Josephson Plasma Resonanse and Phonon Anomalies 
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Polymer. 12th International Conference on 
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