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Chairman’s Introduction
Steven Dierker
Chairman, National Synchrotron Light Source

In 2005, the NSLS proved itself, once again, to be a center of scientific excellence. This remarkable facility, commis-
sioned in the early 1980s, is still attracting some of the world’s best researchers in almost every scientific field, who 
produce more than seven hundred scientific papers every year using the NSLS.

The “Science Highlights” and “Feature Highlights” sections of this report are just a small sampling of the many, many 
impressive research projects conducted at the NSLS in 2005. For example, a user group synthesized and studied 
zinc-oxide nanowires, which have applications in many optical and electrical devices. Another user group studied how 
strontium and uranium are removed from high-level radioactive waste. And in another interesting study, users deci-
phered the basis for antibiotic resistance.
 
However, as always, the success of these projects depends on the performance of the facility. Again this year, the 
rings were in top form — reliability was 96 percent for the x-ray ring and 99 percent for the VUV-IR ring. Additionally, 
to keep the NSLS as productive as possible and to continue to attract users, many beamline upgrade projects were 
completed this year. One of the highlights of these upgrades is the new mini-gap undulator installed at beamline X25. 
This insertion device is providing a much brighter x-ray source for the program at X25.

In the always important area of safety, several noteworthy activities took place this year. In particular, NSLS staff 
made a major commitment to labeling and inspecting electrical equipment. And perhaps the best news is what didn’t 
happen — there were no reportable occurrences related to environmental, safety, or health issues in 2005, and no 
injuries that resulted in restricted or lost time. We all owe thanks to the dedicated NSLS staff and users who have 
ensured that the NSLS remains a reliable, safe, up-to-date research facility.

As 2005 came to an end, I stepped down as NSLS Chairman in order to focus my primary efforts on NSLS-II, the 
world-leading third-generation synchrotron planned for construction at BNL. NSLS-II passed a critical milestone in 
2005 with the approval by the Department of Energy of CD-0. BNL has established the NSLS-II Project Organization 
within the Light Sources Directorate to put in place the management systems and infrastructure necessary to execute 
this complex undertaking. I will serve as NSLS-II Project Director and also retain my position as Associate Laboratory 
Director for Light Sources, with the NSLS reporting to me.

Another exciting development is the planned establishment of the Joint 
Photon Sciences Institute (JPSI). JPSI will be devoted to cultivating and 
fostering collaborative, interdisciplinary R&D in areas of the physical 
sciences, engineering, and the life sciences that are united in employing 
synchrotron-based methods. JPSI will also develop new methods and 
applications that exploit the unique capabilities of NSLS-II and will serve 
as a gateway for NSLS-II users.

JPSI will be a partnership between the Department of Energy and New 
York State, and I am delighted that New York State Governor George 
Pataki has pledged $30 million for the construction of the JPSI building. 
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The building will be located adjacent to NSLS-II and will contain offices, meeting rooms, and specialized laboratories. 
The operating expenses of JPSI and funding for its research programs will be provided by the federal government.

Until a permanent NSLS Director is selected, NSLS User Science Division Associate Chair Chi-Chang Kao will serve 
as the Interim NSLS Director. I couldn’t be leaving the facility in more capable hands. Chi-Chang will lead NSLS staff 
and users this year in the development of a five-year strategic plan for the NSLS, scheduled for completion by the end 
of summer 2006. The plan will outline the course for the future operation and development of the NSLS, and will help 
ensure that the future of the NSLS remains as bright as its past.
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Users' Executive Committee Report
Peter Stephens
Stony Brook University

The NSLS is an environment of vital and exciting research, even as it continues in its third decade of operations. It is 
a strong testament to the staff of the NSLS that it operates so well. As users, we must not take their experience and 
ingenuity for granted. Keeping the NSLS at the top of its form in scientific productivity is a significant challenge.  

In its previous (2001) review of the facility, the Office of Basic Energy Sciences (BES) of the DOE recommended 
that the NSLS staff should operate more beamlines for the benefit of general users, a policy that has been continu-
ously implemented as resources permit. Early in 2005, the Science Advisory Committee was charged with the task 
of reviewing each beamline and advising the NSLS of which were being operated safely and effectively, and which 
required improvement or a significant change of management. It is gratifying to see that nearly all of the beamlines 
operating at that time were indeed found to be fulfilling their mission to serve the community of users.  

This year, the DOE also released the preliminary results of an assessment of beamlines in all four BES synchrotron 
radiation facilities. I strongly recommend that everybody involved in research with synchrotron radiation take a look. 
It counts 179 beamlines throughout the system, 77 of which are at the NSLS. However, of 45 beamlines rated on vari-
ous technical grounds as “best in class,” only four are at the NSLS. This is partly a consequence of the small number 
of insertion device ports available on the NSLS storage rings, and partly a result of the fact that most NSLS beamlines 
are relatively old. That is not to say, however, that the NSLS and its user community are letting the cutting edge pass 
us by. Highlights include the new X29 undulator line for macromolecular crystallography and recently constructed in-
struments at the X21 wiggler for small-angle scattering and studies of in-situ materials preparation. A new undulator is 
being put in place for X25, and an undulator beamline dedicated to small-angle scattering, to be operated in conjunc-
tion with the Center for Functional Nanomaterials, is planned for the near future. Perhaps less immediately visible to 
users, but no less important, is the steady upgrade of storage-ring components, such as RF cavities, the meticulous 
analysis of faults by the Operations & Engineering Group, and actions such as the formation of an orbit task force to 
assess users’ needs and meet them.

In the years from 1984 to 1993, the number of users coming to the NSLS rose essentially linearly, to somewhat more 
than 2000. Since 1993, that number has held essentially constant, while the number of users at all four DOE-oper-
ated synchrotron radiation sources has risen to nearly 8000. At the same time, we have seen the NSLS increasingly 
become a regional facility, with 62% of its users coming from the northeastern part of the country, compared, say, with 
15% of Advanced Photon Source users coming from the northeast.

The above notwithstanding, the NSLS will continue to fill a critical need 
and play an indispensable role in American science for many years into 
the future. We continue to hold our own as a leading source of research 
productivity in many fields. But it is equally clear that the opportunity is 
upon us to push the envelope of science and technology beyond the ca-
pabilities of any existing synchrotron radiation source. This is the case 
for NSLS-II, a new machine with brightness beyond any synchrotron 
source in existence or planned, essentially to the theoretical limits of 
storage ring performance. Along with research that can be performed at 
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other facilities, NSLS-II will indeed be a national facility, as the original NSLS once was, with capabilities unequalled 
elsewhere in the world.

Defining the scientific needs and opportunities of what will be the world’s brightest storage ring for synchrotron radia-
tion is an enormous job. For this, we gratefully acknowledge years of effort by many people: countless current syn-
chrotron radiation users and members of the NSLS user science division, who organized and participated in work-
shops in 2003; the NSLS Accelerator and Operations & Engineering divisions, who have been pushing (so far, theoret-
ically) the limits of storage ring brightness; and especially NSLS-II Project Director Steve Dierker and BES Associate 
Director Pat Dehmer, who have advanced and refined the case within DOE. Earlier this year, these efforts bore fruit 
with the signing of Critical Decision Zero (CD-0) for NSLS-II by the DOE. This signifies that the DOE acknowledges 
the need for the facility, and is receptive to a proposal for a specific plan and design. As I write these words, the 
President’s budget for fiscal year 2007 has just been announced, with substantial resources committed to the NSLS-II 
project. This promises to be an exciting time for all of us associated with the NSLS.

It has been a stimulating year for the NSLS, and for the Users’ Executive Committee. I am grateful for the hard work 
and thoughtful suggestions of the other members of the UEC and its special interest groups, and to all of you who 
have communicated your needs and interests to our representatives in the federal government. But I especially salute 
your most important achievement, safely doing excellent science at the NSLS!



Science Highlights
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Science at the NSLS
Laura Mgrdichian
NSLS Science Writer

Another year has passed, and the NSLS is still a thriving, rich, and productive scientific facility. Who would have 
thought 23 years ago, when the VUV ring produced its first beams of light, that the year 2005 would see the NSLS so 
vibrant? It really is remarkable.

As the NSLS science writer, I’ve had a great view of this continuing success. In order to choose which research 
projects I’ll write about, in the form of “feature highlight” stories, or which ones will become scientist-written “science 
highlights,” I am exposed to nearly 800 published papers throughout the year — all the result of NSLS experiments.

Sifting through these papers, typically about 40 at a time, is always humbling. It really drives home the amount of 
science that goes on here. Perhaps more importantly, it makes me appreciate the hard work and dedication of the 
scientists that come to the NSLS. This is why choosing which research papers will receive special attention is such a 
difficult task.

So what are these scientists studying, analyzing, probing? Almost every type of 
material you can think of. As you look through this year’s feature and science 
highlight stories, that diversity becomes apparent. For example, if you haven’t 
heard of a “tryptophan zipper” or a “fluoropolymer,” here’s where you can read 
about them. Interested in environmental cleanup or nanomaterials? Several 
studies took place this year that you might just want to take a look at.

In short, the following pages make it clear that the NSLS, for lack of a better 
phrase, goes on. However, I cannot say the same thing for myself. This will be 
my last Activity Report letter, as I will soon be leaving the NSLS. Since I have 
this platform, I want to say that’s it’s been a privilege to do this job. My sin-
cere thanks and best wishes to all the NSLS users and staff members that I’ve 
worked with — I will miss you!
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Hunting the RNA “Slicer”
NSLS users may have found a key player in RNA interference
As the result of work done at the NSLS, scientists from Cold Spring Harbor Laboratory have very likely determined the iden-
tity of a sought-after protein that is vital to RNA interference (RNAi). RNAi is fundamental cellular process intimately involved 
in the development and virus-fighting ability of all organisms, as well as gene expression — how genes produce certain cell 
features. The researchers’ result, the crystal structure of the protein, will significantly impact the field of biology by helping to 
illuminate the details of these mechanisms.

Before the protein was identified, biologists only knew that there should be a protein, dubbed the “Slicer,” that performed 
a critical role in RNAi. It received this nickname for the function the scientists suspected it carried out: slicing, or cleaving, 
strands of messenger RNA into pieces, much like a pair of molecular “scissors.” Messenger RNA is the type of RNA that 
decodes the information contained in DNA (i.e. genes) and carries it out of the cell nucleus, where it is used to synthesize 
proteins. The Slicer is one component of a large multi-protein structure, called the RNA-induced silencing complex (RISC), 
that “interferes” with messenger RNA’s mission.

This research team is the first to discover very convincing evidence that a certain protein is, in fact, the Slicer. The protein 
is known as Argonaute. It is discussed in the group’s research paper on the work, which appears in the September 4, 2004 
edition of Science.

“The crystal structure of Argonaute 
contained a clue that led us to identify 
it as the Slicer,” said Leemor Joshua-
Tor, a structural biologist and the 
study’s lead researcher. “We observed 
that an important structural feature 
on Argonaute was very similar to that 
of another enzyme already known to 
cleave RNA.”

The group found that Argonaute is 
composed of a large crescent-shaped base and a smaller globular region that sits over it, tethered by a thin stalk-like region. 
The crescent has its own sub-structure, made up of three distinct parts, or “domains” — a center domain and two outer ones.

Based on these features, Joshua-Tor and her colleagues postulated how Argonaute might act as the Slicer. In their scenario, 
a strand of “small interfering” RNA (siRNA), which is a short type of RNA created earlier in the interference process, binds 
to Argonaute and guides it to a complementary strand of messenger RNA. The siRNA positions the messenger RNA in the 
groove created by Argonaute’s crescent and globular segments. Once in place, the crescent’s “PIWI” domain cleaves the 
messenger RNA, leaving the siRNA intact.

“This is an important result, but many questions still remain,” said Joshua-Tor. “For example, we still do not know how Argo-
naute proteins participate in developmental processes.”

Gene silencing during RNAi (the act of blocking gene expression) may sound destructive, 
but the process can prevent messenger RNA from carrying out the orders of potentially 
malicious genes — genes for defects, for example. RNAi also appears to play an impor-
tant role in normal organ function. Currently, biologists are experimenting with ways to 
silence specific genes for medical purposes.

Joshua-Tor and her colleagues, including student researcher Ji-Joon Song, collected 
data at NSLS beamline X25 and later used the data to determine Argonaute’s structure. 
Using protein crystallography, they directed a beam of x-rays at a crystal of Argonaute 
protein and used a detector to collect the x-rays as they scattered away from the atoms 
in the crystal. The researchers then analyzed this pattern, which is unique to Argonaute, 
to create a three-dimensional model of the protein.

This research was funded by Cold Spring Harbor Laboratory. Ji-Joon Song is a Bristol-
Myers Squibb fellow.

For more information, see: J.J. Song, S.K. Smith, G.J. Hannon, and L. Joshua-Tor, 
"Crystal Structure of Argonaute and its Implications for RISC Slicer Activity," Science, 305, 
1434-1437 (2004).

— Laura Mgrdichian

Authors (from left) Leemor Joshua-Tor, Gregory J. Hannon, Ji-Joon Song, and Stephanie K. Smith

A schematic depiction of the model 
for siRNA-guided messenger RNA 
cleavage. The siRNA (yellow) binds 
with its 3’ end in the cleft in the globular 
domain (red). The 5’ end is predicted to 
bind near the other end of the cleft. The 
messenger RNA strand (brown) comes 
in between the crescent’s N-terminal 
(blue) and globular domains and out 
between the globular domain and the 
crescent’s middle domain (purple).
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Floating Films on Liquid Mercury
New results may lead to advances in nanotechnology, molecular electronics
Scientists from Brookhaven National Laboratory, Bar-Ilan University, and Harvard University have grown ultrathin films of or-
ganic chain molecules on the surface of liquid mercury and discovered that the molecules form ordered structures. Similar to 
sixty years ago when fundamental studies of silicon paved the way to the semiconductor-electronics age, these results help 
to build a foundation for the development of tiny circuits built using organic molecules — called molecular electronics — a 
field believed to be the future of many electronic applications.

The scientists are participating in an ongoing program at Brookhaven to grow ultrathin organic films on solid and liquid 
surfaces. They are most interested in films that have controllable properties at a thickness of just a few nanometers, or bil-
lionths of a meter, so that they can engineer technologies based on these properties. In addition to being useful for molecu-
lar electronics development, ultrathin organic films are becoming increasingly important for many other emerging technolo-
gies, such as flexible electronic displays and advanced biotechnological materials that can, for example, mimic the function 
of cell membranes.

“We decided to use liquid mercury as a surface, instead of a solid,” said Brookhaven 
physicist Benjamin Ocko, the lead author of the study, reported in the January 14, 2005 
edition of Physical Review Letters. “Liquid surfaces are disordered, hence they do not 
impose a structure of their own on the film. This makes them important testing grounds 
for organic thin film growth.” 

The researchers filled a small tray with a layer of liquid mercury and deposited a con-
trolled amount of the organic molecules, called alkyl-thiol, onto its surface. “We chose 
alkyl-thiol because one end of each molecule is terminated by a sulfur atom that bonds 
strongly to metal surfaces,” explained Henning Kraack, a physicist from Bar-Ilan who 
participated in the study. “Thiol molecules have been studied extensively on gold sur-
faces, but the exact nature of the sulfur-gold bond has remained controversial. One of 
our main goals was to determine the nature of the bond between a similar pair: sulfur and 
mercury.”

At NSLS beamline X22, the scientists measured how x-rays scattered off the film from 
different angles using a unique instrument they developed that tilts the x-rays downward 
onto the liquid mercury surface. The scientists repeated this procedure several times, 
adding more alkyl-thiol each time to follow how the structure of the film evolved as the 
density of molecules increased.
 
The scientists discovered that three distinct scattering patterns emerged as the alky-thiol density was increased on the mer-
cury surface, with each pattern corresponding to a different degree of molecular order. At the lowest density, the molecules 
lay flat on the mercury’s surface. At an intermediate density, the molecules tilt so that the sulfur end is in contact with the 
mercury. Finally, at the highest density, the molecules stand up straight.

The x-ray analysis of the lying-down phase showed that the alkyl-thiol molecules are disordered, pointing in all different 
directions. However, the standing-up and tilted phases are very ordered, with the molecules arranged in crystalline patterns, 
despite the disordered liquid nature of the underlying mercury. Additionally, the tilted phase contains an unusual structural 
feature: The alkyl-thiol chain portions and sulfur atoms line up differently so that the chains form one pattern while the sulfur 
atoms form another.

“The x-ray analysis indicates that the sulfur atoms from two neighboring chains chemically bond to one underyling mercury 
atom,” explained Ocko. “In the tilted phase, the sulfur-mercury bonds exhibit crystalline order. These bonds also form in the 
standing-up phase, but, surprisingly, they appear disordered.” 

“These specific structural and chemical details are necessary for understanding the electronic properties of the film, which is 
necessary for determining how to use them in new technologies,” he said.

In upcoming research, Ocko and his colleagues plan to study the structure of molecular layers sandwiched between two con-
ducting surfaces, a configuration directly relevant to molecular electronics. This work was funded by the Office of Basic En-
ergy Sciences within the U.S. Department of Energy’s Office of Science and the U.S.-Israel Binational Science Foundation.

For more information, see: B. Ocko, H. Kraack, P. Pershan, E. Sloutskin, L. Tamam, and M. Deutsch, “Crystalline Phases of 
Alkyl-Thiol Monolayers on Liquid Mercury,” Phys. Rev. Lett., 94, 017802 (2005).

— Laura Mgrdichian

Benjamin Ocko
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A Catalyst Uncovered
To many, the phrase “synthetic organic chemistry” probably sounds a bit dull. But this scientific field — the making, or “syn-
thesizing,” of carbon-based (i.e. organic) chemical compounds — has produced many, many products that we use every day. 
Examples include medicines, fuel, pesticides, paper, and even fabric for clothing. These breakthroughs are the results of 
many specific, intricate studies into how molecular reactions work.

One such study was recently completed at the National Synchrotron Light Source. Led by chemist Simon Bare, a user 
scientist from the corporation UOP LLC, the group used x-rays to investigate a new, safe catalyst for an important type of 
reaction called Baeyer-Villiger (B-V) oxidation. Their results, reported in the September 21, 2005 edition of the Journal of the 
American Chemical Society, add a link to the long chain of discovery that leads, eventually, to better consumer and industrial 
products.

“Baeyer-Villiger oxidation is an important reaction in 
synthetic organic chemistry,” said Bare. “Our aim is to 
make the reaction more stable and efficient by producing 
a better catalyst.”

The B-V reaction involves transforming “ketones” – a 
class of organic solvents – into “esters,” a type of 
compound formed by reacting an alcohol with an acid. 
Typically, this transformation is catalyzed by a group of 
acids called peracids, but these compounds are inher-
ently unstable and require caution when used in large 
amounts. In contrast, the catalyst Bare’s group is study-
ing is a silicon-based mineral compound known as Sn-
β-zeolite. In previous work, they showed Sn-β-zeolite to 
be an efficient, safe catalyst for B-V oxidation. Now, they 
have evidence that helps to explain, at the molecular 
level, why the catalyst is so successful.

Their results show that the effectiveness of Sn-β-zeolite 
as a catalyst depends on the “Sn” portion of the mineral — that is, the tin (Sn) atoms that are dispersed within the mineral’s 
crystal structure. By shining x-rays at a Sn-β-zeolite crystal sample, they discovered that the tin atoms are not randomly 
placed within the crystal, but instead are found at regular, specific locations.

“We believe that the uniform distribution of tin atoms produces sites in the min-
eral with uniform catalytic activity, which, in total, leads to the excellent overall 
behavior of the catalyst,” said Bare. “However, we are still not sure why the Sn 
atoms are positioned so evenly in the crystal.”

In future work, Bare’s group will try to resolve this issue. In the meantime, they 
hope that this study illustrates that it is possible to synthesize catalysts with uni-
formly spaced reactivity sites. As long as those sites are easily accessible to the 
compounds taking part in the reaction, this approach has the potential to produce 
many effective, efficient catalysts.

This study was supported by the U.S. Department of Energy, the Frederick Seitz 
Materials Research Laboratory at the University of Illinois at Urbana-Champaign, 
the National Institute of Standards and Technology, and UOP LLC.

For more information, see: S.R. Bare, S.D. Kelly, W. Sinkler, J.J. Low, F.S. 
Modica, S. Valencia, A. Corma, and L.T. Nemeth, "Uniform Catalytic Site in Sn-
β-Zeolite Determined Using X-ray Absorption Fine Structure," J. Am. Chem. Soc., 
127(37), 12924-12932 (2005).

—  Laura Mgrdichian

A representation of the Sn-β-zeolite structure 
as derived from the x-ray data Bare and his 
group collected. The red areas mark one 
possible Sn-atom pair.

Authors (from left) Wharton Sinkler, Frank Modica, Laszlo Nemeth, Simon 
Bare, John Low. (Not pictured) Shelly Kelly, Susanna Valencia, and Avelino 
Corma
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Nematodes: Nature’s Tiny Lead Filters?
A study performed at the National Synchrotron Light Source has revealed evidence that members of a family of tiny soil-
dwelling roundworms, called nematodes, may naturally help lower soluble-lead levels in metal-contaminated soils. 

Researchers from the University of Georgia and the University of Chicago exposed the worms to lead in solution and used 
x-rays to “see” how the metal distributed within their bodies. They found that the lead concentrated in the nematodes’ phar-
ynx regions, or throats, in the form of a solid crystalline material — pyromorphite, a lead-containing mineral. The results are 
described in the August 1, 2005 edition of Environmental Science & Technology.

“The nematodes seem to ‘trap’ the lead, somehow converting it into crystalline pyromorphite. We 
think this is the first report of this occurring,” said the study’s lead researcher, Brian Jackson, an 
environmental scientist now at the Center for Environmental Health Sciences at Dartmouth Col-
lege, formerly with the University of Georgia’s Savannah River Ecology Laboratory.

The results also suggest that the nematodes took in the lead via ingestion using the same mecha-
nism they use to feed. This may explain the high concentration of lead in the pharynx.

A nematode is typically less than one millimeter in length with a pharynx of only 10 – 20 microm-
eters, or millionths of a meter, in diameter. To characterize the distribution of lead within the 
organism Jackson and his group used a synchrotron x-ray “microprobe,” a tool that can produce 
very narrow, intense beams of x-rays. The group then used a technique called x-ray fluorescence 
(XRF) to create an image of the distribution of lead within the worm (areas of high lead concentra-
tion in the nematodes are bright and low concentrations are darker).

In XRF, a beam of high-energy x-rays is aimed at a sample, which absorbs the rays and almost 
instantly re-emits them. The emitted x-rays have varying energies depending on the types of atoms in the sample. Lead 
atoms, for example, emit x-rays with a different energy than any other element. Scientists use a device called a spectrometer 
to analyze the emitted rays and determine which elements, and approximately how much of each, are present in the sample 
or in parts of the sample.

Once the team identified areas of high lead content in the nematodes, they then 
used another research method, called x-ray diffraction, to identify the lead-rich 
areas of the worm as pyromorphite. In this technique, x-rays passing through the 
mineral emerge in a pattern as a result of diffracting through the closely spaced 
lattice of atoms in the crystal. Each crystalline solid has a characteristic x-ray 
diffraction pattern, much like a unique “fingerprint.”

The researchers also tested the nematodes’ response to copper and found that, 
unlike the lead, the copper did not localize in a specific area. Instead, it dis-
persed evenly within the worms.

“Given the high numbers of nematodes in soil, their ability to convert lead in 
pyromorphite may help detoxify lead in contaminated soils and mediate lead in 
non-contaminated soils,” said Jackson. 

He continued, “In the future, we will look to see if lead in these invertebrates 
becomes absorbed by predators or, because pyromorphite is so insoluble, if the 
lead could pass through the digestive system of a predator unchanged.”

This study was supported by the Office of Biological and Environmental Re-
search within the U.S. Department of Energy’s Office of Science via a Financial 
Assistance Award to the University of Georgia Research Foundation.

For more information, see: B.P. Jackson, P.L. Williams, A. Lanzirotti, and P.M. 
Bertsch, "Evidence for Biogenic Pyromorphite Formation by the Nematode Cae-
norhabditis elegans," Environ. Sci. Technol., 39(15), 5620-5625 (2005).

— Laura Mgrdichian

Optical (A) and XRF (B and C) images of a 
nematode exposed to both copper (B) and 
lead (C).
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Nanotubes in a New Light
Using x-rays to investigate order and function in nanotube systems
Nanotubes are cylindrical molecules just a few nanometers (billionths of a meter) in diameter. However, their potential for 
new technologies is vast. They are extraordinarily strong, conduct electricity well, and can even emit light, properties suitable 
for many applications, from flat-panel television displays to building materials. But nanotubes must be extensively studied 
before they can be used in industrial applications.

A collaboration of scientists has pioneered a novel way of using x-rays to study arrays of nanotubes. In ongoing research, 
they have determined the degree of order contained in certain nanotube systems — that is, to what extent they form orga-
nized patterns — and have investigated the structural and chemical properties of others.

The team includes Mahalingam Balasubramanian, Brookhaven National Laboratory (BNL); Sarbajit Banerjee, Stony Brook 
University (SBU); Tirandai Hemraj-Benny, SBU; Daniel Fischer, National Institute of Standards and Technology (NIST); Weiq-
iang Han, BNL; James Misewich, BNL; Sharadha Sambasivan, NIST; and Stanislaus Wong, BNL and SBU.

The group is investigating two types of carbon nanotubes: single-walled nanotubes (SWNTs), consisting of a single cylinder, 
and multi-walled nanotubes (MWNTs), which resemble cylinders concentrically nested together. They have also completed a 
study of boron nitride nanotubes, which are equally intriguing.

A New Approach

Nanotubes are being studied across the globe, and the technique used in this case has been used for years to study various 
materials. Now, the technique has been applied to nanotubes, with excellent results.

The technique is called “near-edge x-ray absorption fine structure,” or NEXAFS. In NEXAFS analysis, a nanotube sample is 
bombarded by a beam of low-energy x-ray “photons,” or particles of light. The photons are absorbed by each carbon atom’s 
“core” electrons — those closest to the nucleus - giving them an energy boost. As a result, they jump to an orbit further away 
from the nucleus. When this occurs across many, many atoms, scientists can record the sample’s absorption “spectrum,” 
which measures its absorption behavior.

At beamline U7A (owned by NIST and The Dow Chemical Company), the researchers aimed the x-rays at each sample from 
several angles, producing several spectra for each array. By analyzing the spectra, they uncovered information about the 
nanotubes’ electronic and physical structures.

“The beauty of using NEXAFS to study nanotubes is that it is able to provide us with detailed information that is truly comple-
mentary to what can be obtained using other techniques,” said Fischer.

Your Order, Please

In the May 5, 2005 issue of the Journal of Physical Chemistry, the group describes how they used NEXAFS to determine the 
degree of order in very thin films of single-walled nanotubes, known as “buckypaper,” and a MWNT film grown on a surface 

of platinum. They compared their results to two “control” groups: 
graphite, a highly ordered form of carbon, and SWNT and MWNT 
powders, which have essentially no order.

The group found that the buckypaper spectra are similar to graph-
ite’s. For both, the spectra change when the x-rays graze the sample 
rather than strike head-on. This property — the tendency of a mate-
rial to react differently to outside fields depending on the direction 
the field is applied — is called “anisotropy.” It is very useful to study, 
since high anisotropy often implies a high degree of order. Converse-
ly, a material shows “isotropy” when its reaction to an outside field is 
the always the same. Nanotube powders, containing nanotubes in all 
possible orientations, display isotropy.

The buckypaper displayed anisotropy, but not as extensively as 
graphite — approximately 87 percent of the nanotubes were on their 
sides. The MWNT film was also quite anisotropic, behaving as if most 
of the nanotubes were standing upright.

“These results are encouraging because they indicate that two com-
Authors (from left) Tirandai Hemraj-Benny, Dan Fischer, Jim 
Misewich, Stanislaus Wong, and Sharadha Sambasivan
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mon nanotube systems already contain a fair degree of order,” said Wong. “We plan 
to continue studying MWNT and SWNT films. Our hope is to find a way to produce a 
nanotube array with order comparable to graphite.”

A Matter of Function

“Functionalizing” a set of nanotubes is a process that allows scientists to manipulate 
the tubes into ordered arrays with specific properties. One way to do this is “ozonol-
ysis” — reacting the nanotubes with ozone, a form of oxygen gas. This produces tiny 
holes into the nanotubes’ walls and creates various oxygenated compounds along 
their surfaces, which serve as tethering points for a variety of other compounds.

Ozonolysis can also cleanse the nanotubes or produce reactions that “unhinge” the 
nanotubes’ half-sphere end caps, leaving the tubes open to a variety of interesting 
“stuffings.” Filling the tubes with metal atoms, for example, could boost their ability 
to conduct electricity.

But studying the specific electronic structure of the nanotubes, as well as the chemi-
cal make-up and ordering of the oxygen-carbon compounds, which are called func-
tional groups, has been difficult. Most techniques are unable to simultaneously yield 
both types of information. The team showed that NEXAFS is an important comple-
ment to these other methods.

For example, their article in the September 20, 2004 issue of ChemPhysChem, focuses on MWNTs exposed to ozone. 
NEXAFS showed that the ozone treatment cleared the nanotubes of “amorphous” carbon — carbon atoms not incorporated 
into the ordered structure of the nanotubes themselves — opened the end caps, and produced functional groups along the 
nanotubes.

A Nanotube by Another Name

The word “nanotube” is very often preceded by the word “car-
bon,” but nanotubes made of other materials can be equally — or 
even more — interesting. One such material is boron nitride.

Boron nitride nanotubes are also tremendously strong. But they 
possess some superior properties, such as flexibility without 
compromising strength and the ability to withstand very high tem-
peratures. Like carbon nanotubes, they are being investigated 
for a wide array of potential applications.

In the March 21, 2005 issue of the journal Physical Chemistry 
Chemical Physics, the team describes how they used NEXAFS 
to gain valuable structural information about a sample of bo-
ron nitride nanotubes. Their results show that the nanotubes in 
their sample have atomic structures that mimic a type of carbon 
nanotube with hexagonally bonded carbon atoms (like a rolled-
up sheet of chicken-wire fence). NEXAFS also revealed that the 
boron nitride nanotubes have few defects and are highly crystal-
line, perhaps even more so than carbon nanotubes.

For more information, see:

S. Banerjee, T. Hemraj-Benny, S. Sambasivan, D.A. Fischer, J.A. Misewich, and S.S. Wong, "Near-Edge X-ray Absorption 
Fine Structure Investigations of Order in Carbon Nanotube-Based Systems," J. Phys. Chem. B, 109(17), 8489-8495 (2005).

S. Banerjee, T. Hemraj-Benny, M. Balasubramanian, D.A. Fischer, J.A. Misewich, and S.S. Wong, "Surface Chemistry and 
Structure of Purified, Ozonized, Multiwalled Carbon Nanotubes Probed by NEXAFS and Vibrational Spectroscopies," ChemP-
hysChem., 5(9), 1416-1422, (2004).

T. Hemraj-Benny, S. Banerjee, S. Sambasivan, D.A. Fischer, W. Han, J.A. Misewich, and S.S. Wong, "Investigating the 
Structure of Boron Nitride Nanotubes by Near-Edge X-ray Absorption Fine Structure (NEXAFS) Spectroscopy," Phys. Chem. 
Chem. Phys., 7(6), 1103-1106 (2005).

— Laura Mgrdichian

A rendering of carbon nanotubes being 
studied using NEXAFS. Light comes in (left) 
and electrons are emitted (right).

Scanning electron microscope images of (a) MWNT powder, (b) 
SWNT powder, (c) SWNT buckypaper, and (d) aligned MWNTs.
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The Role of Titanium in Hydrogen Storage
As part of ongoing research to make hydrogen a mainstream source of clean, renewable energy, scientists from the U.S. 
Department of Energy’s Brookhaven National Laboratory have determined how titanium atoms help hydrogen atoms attach 
to an aluminum surface. Their study isolates the role of titanium, which is used as a catalyst in the crucial first step to trap 
hydrogen within a particular class of hydrogen-storage materials. The work may also help identify and develop similar hydro-
gen-storage systems. 

Brookhaven chemist Santanu Chaudhuri presented this research at the 
230th National Meeting of the American Chemical Society in Washington, 
D.C. on August 28, 2005.

To be a mainstream source of fuel, hydrogen must be stored safely and effi-
ciently. Conventional high-pressure storage tanks can be dangerous and are 
too big and heavy for certain applications, such as hydrogen-based fuel cells 
in automobiles. Hydrogen-storage materials, however, incorporate hydrogen 
safely and compactly, and temporarily hold large quantities of it that can be 
recovered easily under safe, controlled conditions. 

“A hydrogen-storage material must be able to store hydrogen quickly under 
‘normal’ conditions — that is, without very high temperatures and pressures,” 

said Chaudhuri. “In tiny amounts, an appropriate catalyst, such as titanium, can speed up the reaction and make the hydro-
gen-storage process suitable for practical applications. Our study has helped us better understand the role of these cata-
lysts.” 

Through this research, Chaudhuri and his collaborator, Brookhaven chemist James Muckerman, hope to improve the perfor-
mance of sodium alanate, a hydrogen-storage material composed of sodium and aluminum hydride. Sodium alanate, known 
as a “complex metal hydride,” expels hydrogen gas (the fuel) and aluminum when heated, leaving a mixture of sodium hy-
dride and metallic aluminum. But because neither aluminum nor sodium hydride absorb hydrogen well, putting the hydrogen 
back in — to reform sodium alanate and allow reuse of the material — becomes difficult. 

“We found that aluminum absorbs significantly more hydrogen — and does 
so more quickly and at lower temperatures — when a small number of tita-
nium atoms are incorporated into its surface,” Chaudhuri said. 

Chaudhuri and Muckerman created a computer model that provides a plau-
sible mechanism of the reaction. Their model agrees with an experimental 
x-ray absorption study of sodium alanate, performed at the National Syn-
chrotron Light Source.

Chaudhuri and Muckerman’s collaborators at Brookhaven used x-rays to 
“see” and thus calculate how the titanium atoms subtly changed the atomic-
level structure of the aluminum, resulting in a more hydrogen-absorbent 
surface. Results from these two studies agree on the role of titanium atoms 
on an aluminum surface and mechanisms of subsequent steps in hydrogen 
capture. 

In the future, Chaudhuri and Muckerman’s group plans to study the subse-
quent steps in the sodium alanate hydrogen-storage process, in which alumi-
num and hydrogen react with sodium hydride to reform the starting material. 

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

— Laura Mgrdichian

Santanu ChaudhuriJames Muckerman

Molecular orbital rearrangements (left) during 
the dissociation and subsequent absorption of a 
hydrogen molecule (H2) onto an aluminum surface. 
This process is facilitated by a tiny amount of titanium 
that is present in the aluminum phase of depleted 
sodium alanate (the hydrogen-storage material under 
study). Then, small, mobile molecular clusters of 
aluminum hydride (AlHx) transport the hydrogen and 
aluminum to sodium hydride (right), where the sodium 
alanate is reformed.
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Yale Scientists “See” Basis of Antibiotic Resistance
Using x-ray crystallography, researchers at Yale have “seen” the structural basis for antibiotic resistance to common patho-
genic bacteria, facilitating design of a new class of antibiotic drugs, according to an article in the April, 2005 issue of Cell.

In recent years, common disease–causing bacteria have increasingly become resistant to antibiotics, such as erythromycin 
and azithromycin. Although the macrolide antibiotics in this group are structurally different, all work by inhibiting the protein 
synthesis of bacteria, but not of humans. They bind 
tightly to an RNA site on the bacterial ribosomes, the 
cellular machinery that makes protein, but not to the 
human ribosomes. Bacteria can become resistant to 
antibiotics in several different ways. When bacteria 
mutate to become resistant to one of these antibiotics, 
they usually are resistant to all antibiotics in the group.

Studies led by Sterling Professors Thomas A. Steitz 
and Peter B. Moore in the Departments of Molecular 
Biophysics and Biochemistry, and Chemistry at Yale 
University illuminate one of the ways that bacteria can 
become resistant to macrolide antibiotics.

“A major health concern of antibiotic resistance is that two million people every year get infections in hospital facilities and 
90,000 per year die from them,” said Steitz. “Macrolide-resistant Staphylococcus aureus is the most common of these infec-
tions.”

Some of the clinically important bacteria are resistant because of mutation of a single nucleotide base, from an A to a G, in 
the site where macrolide antibiotics bind to the ribosome. The Yale group was able to “see” structural alterations when antibi-
otics were bound to ribosomes with different sensitivity to the drugs because of mutation. They can now explain why that mu-
tation has the effect that it does. “The mutant G has an amino group that pokes into the center of the macrolide ring, causing 
it to back off the ribosome by an Angstrom or so,” said Steitz. The change of that one base in the ribosomal RNA reduced the 
ability of the antibiotic to bind by a factor of 10,000.

Mutation of this type happens naturally, but rarely — only one in 100,000 to one in 10,000,000 bacterial mutations will cause 
this kind of resistance. However, each bacterium can divide as often as every 20 minutes, allowing one with a resistant muta-
tion to rapidly cause a dangerous infection.

Daqi Tu, a student, and Gregor Blaha, a postdoctoral fellow in molecular 
biophysics and biochemistry and associate of the Howard Hughes Medi-
cal Institute, are co-authors on the study. Funding for this research was 
obtained from the National Institutes of Health and the Agouron Institute.

For more information, see: D. Tu, G. Blaha, P.B. Moore, and T.A. Steitz, 
"Structures of MLSBK Antibiotics Bound to Mutated Large Ribosomal 
Subunits Provide a Structural Explanation for Resistance," Cell, 121(2), 
257-270 (2005).

— Janet Rettig Emanuel, Yale University

Interactions of macrolides with G2099A large ribosomal subunits. (A) A (Fo(mutant + 
drug) – Fo(wild type – drug)) difference map calculated using wild-type phases shows 
positive 4 σ density (black) for erythromycin, and a negative 4 σ peak (red) at N2 of 
G2099. (B) No convincing difference density is observed when erythromycin is soaked 
into wild type H. marismortui 50S crystal with ~ 3 mM concentration (left), but when it 
is soaked into 50S crystals containing 33% G2099A mutants, clear density is observed 
when the drug concentration is 3 μM (right). (C) Erythromycin binds in the hydrophobic 
pocket formed by residue A2100 (A2059), A2099 (A2058) and G2646 (C2611), with 
its desosamine nitrogen hydrogen bonded to A2099N1. (D) Telithromycin binds in the 
hydrophobic pocket formed by residue A2100, A2099 and G2646 the way erythromycin 
does, with its alkyl-aryl extension making an additional stacking interaction with the 
base of C2644 (U2609), and a hydrogen bond to the 2’OH of C2644 (U2609). (E) The 
lactone rings of erythromycin and telithromycin bound to Hma ribosomes are perfectly 
superimposable. (F) Comparison of azithromycin bound to G2099 (blue) and G2099A 
(yellow) ribosomes. The N2 of a G was modeled onto residue A2099. The two structures 
were aligned by least squares superimposition of ribosomal RNA phosphorus atoms.

Authors (from left) Daqi Tu, Peter B. Moore,Thomas A. Steitz, and Gregor Blaha
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NSLS Vortex-Tube Study is a Win for Safety
During machining at the NSLS, a vortex-tube device that directs chilled air to cool the cutting tool is often utilized because 
it reduces the amount of fluid coolant that needs to be used. This makes it more environmentally friendly than other cooling 
methods — always a good thing. But the safety of vortex tubes — whether they make a machine operator more or less safe 
— has been in debate.

Recently, however, the debate was put to rest by NSLS engineer Ed Haas, technical supervisor Bob Scheuerer, and machin-
ist Ed Losee, who designed and completed a series of tests to determine if vortex tubes enhance or diminish safety during 

machining. Their work is summarized in an article, which they co-wrote, 
that published in September 2005 trade journal Modern Machine Shop.

Said Haas, “At Brookhaven, uncertainty when it comes to safety is 
considered not acceptable. We wanted to settle this safety issue using 
objective tests.”

The issue of vortex-tube safety lies in the fact that the chilled air flow 
produced by the vortex tube may increase the amount of high-speed 
metal chips that are directed toward the machine tool operator. There-
fore, one way to gauge the safety or lack of safety of a vortex tube is 
to measure (by weight) the quantity of those chips. To help make this 
measurement, Haas, Scheuerer, and Losee designed a “chip catcher” 
— cloth clamped to a metal frame — which they placed on a milling 
machine.

Under identical conditions, using nine identical chip catchers, the men 
ran nine trials using a one-inch-thick piece of aluminum: three trials with no coolant whatsoever, three with a vortex tube, 
and three using coolant spray. After each run, Haas, Scheurer, and Losee weighed the chips caught by the chip catcher (the 
chips from the last three runs were rinsed and dried to remove the liquid coolant, before they were weighed).

The results? Compared to the no-coolant and spray-coolant runs, which produced nearly the same volume of chips compared 
to each other, the vortex-tube runs resulted in more than 60 percent fewer chips directed toward the machine operator.

“We concluded that using a vortex tube does in fact enhance the safety of the operator compared to cases in which no cool-
ant or spray coolant is used,” said Haas. “This is particularly true if guarding or shielding is used behind the machine tool so 
that chips cannot travel toward any other personnel in the area. Clean-up would then be easier since dry chips would then 
accumulate against the shield.”

In the future, Haas, Scheurer, and Losee may consider performing additional vortex-tube safety tests using other conditions, 
such as denser materials and higher cutter speeds.

For more information, see: E. Haas, R. Scheuerer, and E. Losee, "Vortex Tube Machining Improves Safety While Reducing 
Environmental Waste," Mod. Mach. Shop., 78, 54 (2005).

— Laura Mgrdichian

Vortex tube and chip catcher test set-up Chips collected by chip-catcher using vortex 
tube during machining

Chips collected by chip-catcher during dry 
machining

Authors (from left) Ed Haas, Ed Losee, and Bob Scheuerer
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Studying the Effects of Acid Mine Drainage
New information from a study performed at the NSLS may one day help to mitigate the contamination caused by acid mine 
drainage, in which the breakdown of minerals in mines causes harmful materials to leach into waters and soils.

NSLS user scientists from Princeton University used infrared light and x-rays to study the interactions between two main 
components of acid mine drainage: two different positively charged iron ions, known as iron(II) and iron(III), and a negative 
sulfate ion (a sulfur-oxygen molecule). These substances are typically produced by the weathering of pyrite, a common mine 
ore.

“Acid mine drainage contaminates surface waters, groundwater, and soils 
in many locations around the world,” said geoscientist Juraj Majzlan, the 
paper’s lead author, now a faculty member at Albert-Ludwig-University of 
Freiburg (this work was performed when he was at Princeton).

“We studied how iron and sulfate interact in solution, such as how they 
combine to form various iron-sulfate compounds,” he explained. “This 
is important, since the presence of iron-sulfate compounds affects the 
solubility of other harmful substances in water contaminated by acid mine 
drainage, such as trace metals and other ions, which contribute to its 
toxicity.”

The work is published in the January 1, 2005 edition of Environmental 
Science & Technology.

Majzlan and Princeton geoscientist Satish C.B. Myneni, the paper’s co-author, prepared two types of solutions, the first type 
containing sulfate and iron(II) and the second containing sulfate and iron(III). These solutions simulate the concentrations 
found in contaminated water. For each type, they prepared samples with varying concentrations of iron(II) and iron(III). They 
studied the solutions using infrared and x-ray “spectroscopy,” a technique that 
measures how the light is absorbed by the solution. The absorption behavior of 
the solution provides scientists with structural and compositional information, 
such as the types of atomic clusters, known as complexes, that form within it.

Majzlan and Myneni focused on the sulfate ion, using it as an indicator. That is, 
they studied how the sulfate was altered in the presence of iron(II) or iron(III) 
and, based on any changes, inferred how it had interacted with the iron.

The researchers found that sulfate and iron(II) either interacted very weakly 
or did not form any complexes at all. However, they measured a significant 
distortion of the sulfate ion in the presence of iron(III). Upon further study, 
they determined that sulfate and iron(III) formed molecular complexes strongly 
bound together by hydrogen atoms.

This system serves as a model for acid-polluted waters. The sulfate-iron(III) 
complexes are small-scale versions of the mineral precipitates — solid materi-
als that crystallize out of a liquid — that appear in acid-mine drainage. Based 
on the particular complexes that form in the sulfate-iron(III) solutions, the 
scientists can predict which precipitates are most likely to occur in acid mine 
drainage. One day, this information may assist in devising clean-up strategies 
for water contaminated by acid mine drainage.

This study was supported by the National Science Foundation and a Hess Fel-
lowship from the Princeton University Geosciences Department.

For more information, see: J. Majzlan and S.C.B. Myneni, "Speciation of Iron 
and Sulfate in Acid Waters: Aqueous Clusters to Mineral Precipitates," Environ. 
Sci. Technol., 39(1), 188-194 (2005).

— Laura Mgrdichian

Examples of water contaminated by acid mine 
drainage.

Juraj Majzlan Satish Myneni
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A New Structural View of Organic Electronic Devices
Although still in the qualifying rounds, U.S. researchers are helping manufacturers win the race to develop low-cost ways to 
commercialize a multitude of products based on inexpensive organic electronic materials — from large solar-power arrays to 
electronic newspapers that can be bent and folded.

In the October 4, 2005 issue of Advanced Materials, researchers from the National Institute of 
Standards and Technology (NIST) and the University of California at Berkeley report success in 
using a non-destructive measurement method to detail three structural properties crucial to mak-
ing reliable electronic devices with thin films of the carbon-rich (organic) semiconductors. The 
new capability could help industry clear hurdles responsible for high manufacturing development 
costs that stand in the way of widespread commercial application of the materials.

With the technique called near-edge x-ray absorption fine-structure spectroscopy, or NEXAFS, 
the team tracked chemical reactions, molecular reordering and defect formation over a range of 
processing temperatures.

They then evaluated how process-induced changes in thin-film composition and structure affected 
the movement of charge carriers (either electrons or electron “holes”) in organic field effect tran-
sistors, devices basic to electronic circuits. With NEXAFS measurements taken over the range 
from room temperature to 300 degrees Celsius, the team monitored the conversion of a precursor 
chemical to an oligothiophene, an organic semiconductor. The molecular organization and com-
position achieved at 250 degrees Celsius yielded the highest levels of charge carrier movement 
and, consequently, maximum electric-current flow.

 As chemical conversion progressed, the researchers calculated how the molecules arranged themselves on top of an electri-
cal insulator. Top transistor performance corresponded to a vertical alignment of molecules. In addition, they used NEXAFS 
to determine the angles of chemical bonds and to assess the thickness and uniformity of film coverage, also critical to perfor-
mance.

NEXAFS has the potential to be the “ideal measurement platform for systematic 
investigation” of organic electronic materials, says lead investigator Dean De-
Longchamp, a NIST materials scientist. “A straightforward means of correlating 
chemical and physical structure to the electronic performance of organic semi-
conductor films is a much-needed tool.”

The research was conducted at beamline U7A, the NIST/Dow Chemical materi-
als characterization facility at the National Synchrotron Light Source. Funding 
providers included the U.S. Department of Energy, Defense Advanced Research 
Projects Agency, and the Microelectronics Advanced Research Corporation.

Article originally published at http://www.msel.nist.gov/OE_Highlight.htm.

For more information, see: D.M. DeLongchamp, S. Sambasivan, D.A. Fischer, 
E.K. Lin, P. Chang, A.R. Murphy, J.M.J. Frechet, and V. Subramanian, "Direct 
Correlation of Organic Semiconductor Film Structure to Field-Effect Mobility," 
Adv. Mater., 17(19), 2340-2344 (2005).

— Mark Bello, NIST Media Contact

NIST researchers (clockwise from top) Dean 
DeLongchamp, Daniel Fischer, and Sharadha 
Sambasivan.

The group’s research is 
showcased on the cover of 
the October 4, 2005, edition 
of Advanced Materials.
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Scientists Describe New Way to Peer Inside Bacteria
X-rays yield pictures and chemical clues that may help trace contaminants, thwart terrorists
As part of the search for better ways to track and clean up soil contaminants, scientists at the U.S. Department of Energy’s 
Brookhaven National Laboratory and Stony Brook University have developed a new way to “image” the internal chemistry of 
bacteria. The technique will allow scientists to “see” at the molecular level how 
soil-dwelling microbes interact with various pollutants. The method might also 
help scientists better understand and prevent bacterial diseases, or find ways 
to detect or disable bacteria used in a terror attack. 

“The more we learn about soil microbe chemistry, the better we’ll be able to 
predict the movement of contaminants in the environment,” said Brookhaven 
microbiologist Jeffrey Gillow. “What we learn might also suggest new ways to 
harness microorganisms to immobilize things like heavy metals and radioac-
tive contaminants,” he said. Gillow gave a talk on the new method at the 230th 
National Meeting of the American Chemical Society in Washington, D.C. on 
August 28, 2005.

Called x-ray spectromicroscopy, the method uses the extremely bright x-rays 
available at Brookhaven’s National Synchrotron Light Source (NSLS) -- but not 
just to take pictures. At the NSLS, the scientists can actually “tune” the energy 
level of the beam to measure subtle differences in the energy absorbed by 
different forms of carbon. This carbon absorption spectrum, or “fingerprint,” 
reveals detailed biochemical information about what is inside and around the 
bacterial cells — and can even detect the formation of bacterial spores at an 
early stage invisible to other methods. 

“We are starting to learn a lot more about the molecular chemistry of these 
bacteria,” said Gillow. “The goal is to understand better how they interact with 
metals and radionuclides.” 

The technique may also reveal details about the process of bacterial spore formation. This could be important to environmen-
tal cleanup because spore-forming microbes often live in contaminated environments. It might also offer new targets for the 
detection of weaponized bacteria (by finding spores at an early stage), or help thwart disease or a terrorist attack by finding 
ways to prevent the spores from germinating into active, infective bacterial cells. 

With this technique, Gillow added, samples can be studied wet or dry, without staining, 
sectioning, or any other intervention such as those used in electron and fluorescence 
microscopy. 

This work is a collaborative effort of the Center for Environmental Molecular Science, 
which consists of scientists from Stony Brook University and Brookhaven Lab, and the 
University of Guelph in Canada. The work was funded by the U.S. National Science 
Foundation and the Office of Biological and Environmental Research within the U.S. 
Department of Energy’s Office of Science. 

— Karen McNulty Walsh

Researchers (from left, top) Sue Wirick, Bjorg 
Larson, and Jeffrey Gillow

A single cell of Clostridium sp. (a strictly-
anaerobic, soil-dwelling bacterium) as 
imaged by scanning trasmission x-ray 
spectromicroscopy (left). By analyzing the 
x-ray absorption spectrum, scientists can 
pick up subtle biochemical differences 
between the bulk of the cell body (yellow) 
and a tiny spore (green) forming inside. 
This early stage of spore formation would 
be invisible to other imaging techniques.
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Removing Uranium From Contaminated Steel Surfaces
2000 DOE student intern who assisted in research is among authors of published paper
Scientists from BNL’s Environmental Sciences Department and Stony Brook University (SBU) Environmental & Molecular 
Sciences, have developed a simple, safe method of removing uranium from contaminated metallic surfaces using citric acid 
formulations so that the materials can be recycled or disposed of as low-level radioactive or nonradioactive waste. This 
research, published in the July 1, 2005 issue of Environmental Science and Technology, is funded by the Environmental 
Management Science Program of the Environmental Remediation Sciences Division, Office of Biological & Environmental 
Research of DOE’s Office of Science.

Decontamination of radionuclides from metallic and other surfaces contaminated by radiological incidents is a major environ-
mental challenge. A.J. Francis, assisted by Cleveland Dodge, BNL, and by SBU’s Gary Halada, developed an innovative and 
improved process for decontaminating metal surfaces and other materials. Another team member named among the authors 
was BNL 2000 summer intern Jason McDonald, currently pursuing his Ph.D. at Louisiana State University. Material Science 
Department, both affiliated with the Center for The research team developed an environmentally friendly green-chemistry 
process that uses all naturally occurring materials — citric acid, common soil bacteria, and sunlight.

Present methods of removing uranium from contaminated metal 
surfaces include sand blasting, chemical extraction, and electro-
chemical dissolution. These methods generate secondary waste 
streams, creating additional disposal problems. “In the event of a 
radiological incident, such as a ‘dirty bomb,’ this technology can 
be used to clean up contaminated materials,” Francis said. “It 
will also treat the secondary waste generated from the treatment 
process, resulting in waste minimization. It is a comprehensive 
process.”

For more information, see: A.J. Francis, C.J. Dodge, J.A. McDon-
ald, and G.P. Halada, "Decontamination of Uranium-Contaminated 
Steel Surfaces by Hydroxycarboxylic Acid with Uranium Recovery," 
Environ. Sci. Technol., 39, 5015-5021 (2005).

— Kay Cordtz
Discussing their uranium decontamination research conducted 
at BNLs National Synchrotron Light Source are scientists: (from 
left) A.J. Francis, BNL; Gary Halada, Stony Brook University; 
and Cleveland Dodge, BNL. Also participating in this research 
was Jason McDonald (not shown). McDonald worked with the 
research team at BNL in summer 2000 through a DOE summer 
internship program administered by BNL’s Office of Educational 
Programs and is currently working on his Ph.D. in agronomy and 
environmental management at Louisiana State University, Baton 
Rouge.
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Zinc Oxide Nanowires Grown by Vapor-Phase Trans-
port Using Selected Metal Catalysts: A Comparative 
Study
Z. Zhu1, T.-L. Chen2, Y. Gu1, J. Warren3, and R.M. Osgood, Jr.1,2,3

1Department of Applied Physics and Applied Mathematics and 2Department of Electrical Engineering, Columbia 
University; 3Center for Functional Nanomaterials, Brookhaven National Laboratory

The search for new methods of synthesizing nanomaterials is a key goal of the 
national nanoscience initiative. Our research involves a comparative study of 
metal-surface-catalyzed growth of ZnO nanowires using four different metal 
catalysts and using substrates of differing materials and differing crystal orien-
tations. We have employed multiple materials diagnostic techniques to com-
pare the material, structural, and optical properties of nanowires grown using 
these different surface systems. In particular, we have found that the growth 
modes of nanowires are dependent on the choice of surface catalysts, e.g. for 
the Fe thin-film catalysts, the growth of ZnO nanowires may occur via a vapor-
solid process, while, for the case of Au, Ag, and Ni catalysts, the vapor-liquid-
solid process usually dominates the wire growth.

Nanowire growth has been investigated as a route to low-dimensional crystal 
structures. These nanostructures have potential applications in a variety of 
optical- and electronic-devices, such as lasers or light-emitting diodes. While 
the growth of these wires has been achieved under a wide variety of condi-
tions, including liquid and vapor growth, one of the most reliable and well-stud-
ied approaches uses vapor-phase transport of the constituents coupled with 
surface catalysis of the nucleation and growth steps. Prof. Peidong Yang and 
his collaborators at Lawrence Berkeley National Laboratory have described an 
excellent example of this approach for the growth of ZnO nanowires. In this 
method, small surface-bound droplets of Au are formed on a solid substrate 
surface, such as Si(100), by heating a thin Au film and depositing it on the Si 
surface. These droplets served as alloying sites for the condensation of Zn va-
por from a nearby solid-ZnO source. Single-crystal ZnO nanowires then grew 
from the supersaturated AuZn alloy, in the presence of constant trace amounts 
of oxygen (Figure 1). The orientation of the wires was thought to be governed 
by registration on the substrate crystalline lattice.

The success of this method in growing nanoobjects caused us to ask a series 
of questions: Can other catalysts be used? How general is the technique? 
What exactly controls the properties of the nanowires? Answering such ques-
tions is difficult because both the catalyst and substrate play important roles in 
determining the properties and the structure of the nanowires. In addition, the 
attainment of good nanowire material properties, such as good crystallinity and 
low impurity concentration, plays an important role in the practicality of various 
nanowire applications in electronics and optics.

Thus, we have employed multiple materials diagnostics, including x-ray dif-
fraction, to compare the material, structural, and optical properties of the 
nanowires grown using these different surface systems. In particular, our re-
search shows that the growth modes of nanowires depends on the exact metal 
surface catalysts used. Thus, for Fe or Ni thin-film catalysts, the growth of ZnO 
nanowires apparently proceeds via a vapor-solid process, while, for the case 
of Au, Ag, and sometimes Ni catalysts, the vapor-liquid-solid process appears 
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to dominate the wire growth. These differences are apparent in the high-resolu-
tion SEMs taken at the BNL Center for Functional Nanomaterials (CFN); see 
Figure 2. Further, as shown in Figure 3, our study shows that the degree of 
nanowire alignment on the substrates is a function of both the substrate lattice 
matching with the lattice of the nanowires, as well as the growth mode and its 
role in affecting the substrate-interfacial properties. 

From a more general point of view, our investigation shows that the use of 
different catalysts provides versatility in the growth of one-dimensional ZnO 
nanostructures with different ranges of parameters such as diameters, areal 
densities, and aspect ratios. In particular, our studies suggest that, compared to 
noble-metal catalysts, the rate of growth using transition-metal catalysts is rela-
tively faster and therefore typically yields thicker wires with a higher aspect ra-
tio. However, this high growth rate is achieved at the expense of inducing more 
oxygen vacancies. These differences in growth properties would be expected to 
affect other properties of the wires, such as their electrical transport and surface 
chemistry. Exploring these aspects is of interest for practical applications of ZnO 
and other metal-oxide nanowires in nanodevices and chemical sensors.

Figure 3. A series of XRD 
spectra for ZnO nanowires 
synthesized using several 
different metal catalysts. The 
spectra were recorded at 
angles covering three major 
characteristic XRD diffraction 
peaks of the wurtzite ZnO.

ZnO wires grown
by Ag catalysts

Figure 1. Illustration of the vapor-
phase-transport process for ZnO 
nanowire growth.

Figure 2. A FE-SEM image of ZnO 
nanowires grown on (a) a Si(111) 
substrate with Au as the catalyst; 
the predominant growth direction 
is 30o to the surface; (b) an a-plane 
(110) sapphire substrate with Fe as 
the catalyst; the predominant growth 
direction is at the surface normal. 
(Pictures taken at the BNL/CFN).
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Chain Length Dependence of the Conformational Or-
der in Self-Assembled Dialkylammonium Monolayers 
on Mica Studied with Soft X-ray Absorption
G. Hähner1, M. Zwahlen1,2, and W. Caseri2

1EaStCHEM School of Chemistry, University of St Andrews, UK; 2Department of Materials, ETH-Hönggerberg, 
Switzerland

Self-assembled alkyl chain-based monolayers on mica are important for in-
dustrial and technological processes because they can be used to organically 
modify inorganic substrates. The conformational structure and orientational 
order of the films determine how the modified substrate interacts with the en-
vironment and also determines the chemical character and stability of its sur-
face. Using near-edge x-ray absorption fine structure (NEXAFS) spectroscopy, 
we have systematically studied the conformational order in ion-exchanged 
dialkylammonium monolayers adsorbed on mica and how that order depends 
on the length of the alkyl chains. We found that the absolute number of gauche 
defects in the films increases with decreasing chain length. 

Organic monolayer coatings can be employed to modify the surface properties 
of inorganic materials. The molecular order and orientation of the films are 
important parameters, since they determine the homogeneity, stability, and 
chemical properties of the modified surface. Films on mica have attracted 
less attention than the more widely studied thiol-gold system, despite their 
importance to industrial and technological processes. For alkane thiols on 
gold, it is known that the number of  “gauche” conformations in the film — that 
is, conformational defects — depends on the temperature. But for alkyl chains 
with more than 11 carbon atoms, that number is rather independent of the 
chain length. Results from the thiol-gold system, however, cannot simply be 
transferred to films on mica, since the bonding mechanism and molecular 
arrangements are different. In the case of ion-exchanged films on mica, the 
packing density in the resulting film is determined by the surface cation density 
of the layered silicate surface.

We prepared films of dialkylammonium cations (2Cn) with n=8-18 carbon 
atoms per chain on mica substrates and characterized them with NEXAFS. 
Figure 1 shows spectra recorded at the carbon 1s edge at grazing and normal 
photon incidence (left). On the right hand side, we show the corresponding 
difference spectra between grazing and normal incidence. 

The high anisotropy of the C-H (labeled 3) and C-C related signals (labeled 4) 
indicates a high degree of conformational order of the alkyl chains.    

The observed anisotropy can be converted into an (average) number of 
gauche defects per molecule. Note that each molecule contains two alkyl 
chains. Table 1 summarizes these numbers for the molecular ions investi-
gated.

Interestingly, the absolute number of defects in these films increases with 
decreasing chain length. This is in contrast to the thiol-gold system. Figure 2 
illustrates this result schematically.  

Dialkylammonium species films with 12 or more methylene units per chain 
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show a significantly high degree of molecular orientation. The higher number 
of gauche defects found for shorter chains can be attributed to a decreasing 
van der Waals interaction between neighboring molecules in connection with an 
overall coverage of about 80%. 

The employment of long alkyl chains for well ordered monolayers appears to 
be more important for films on mica prepared by ion-exchange compared to 
alkanethiols on gold. This is due to the lower overall coverage and packing 
density of the films on mica, which leaves more molecules exposed to 
uncovered regions and leads to weaker intermolecular interactions, resulting 
in a strong increase in the number of gauche defects for shorter alkyl chains. 
In order to prepare densely packed and highly ordered monomolecular films on 
mica, quaternary dialkyldimethylammonium ions with 16 or more carbon atoms 
should be employed.

Figure 2. Schematic of the 
average molecular order for 
dialkylammonium ions of different 
chain length adsorbed onto mica.

Figure 1. NEXAFS C 1s spectra of 
dialkyldimethylammonium films with 
various chain lengths adsorbed on 
mica recorded at normal (dashed 
line) and grazing (solid line) photon 
incidence. On the right hand side 
the corresponding difference spectra 
are shown.

Table 1. Number of gauche defects 
per molecule. The numbers in 
brackets denote the error limits.
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C-H C-C
2C18 5.4(3.2) 8.3(2.5)
2C16 7.4(2.2) 11.2(1.6)
2C14 13.2(2.8) 15.4(1.4)
2C12 13.2(1.2) 15.4(1.2)
2C8 - 15.4(0.8)
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A Step Closer to Understanding Immobilized Organo- 
and Bio-Molecular Complexes on Solid Surfaces
S.-J. Xiao1, S. Brunner2, and M. Wieland1

1Laboratory for Surface Science and Technology, Swiss Federal Institute of Technology, Switzerland; 2EMPA 
(Swiss Federal Laboratories for Materials Testing and Research), Materials Science and Technology, Switzerland

Organic reactions on plane metal surfaces are of much interest for applications 
in biosensors, biomaterials, and biochips. However, the details of the reactions 
are not easy to characterize because surface-sensitive technologies cannot 
fully determine molecular structures, and collecting enough grafted materials 
for sufficient bulk analyses is tremendously difficult. In this study, a well-known 
amine-reactive cross-linking reaction for biomolecular conjugation occurs on 
an amine-pendant self-assembled monolayer on gold. The infrared reflection 
absorption spectroscopy (IRRAS) of that reaction and other analogous reac-
tions produces significantly different spectra. With the help of x-ray photoelec-
tron spectroscopy (XPS) and near-edge x-ray absorption fine structure spec-
troscopy (NEXAFS), we deduced that a so-called side reaction, accompanying 
the main reaction, occurred in this case. Furthermore, a peptide bearing both a 
free amino and a free thiol group was immobilized as two configurations on the 
surface, either one-end or two-end fixed.

Self-assembled monolayers (SAMs) on metal surfaces such as gold, silicon, 
and titanium have been the subject of intense investigations over the past 20 
years. The driving force for these endeavors is the goal of combining micro- 
and nano-electronics with biotechnology. Unlike in a bulk reaction, however, 
where the pure product from organic reactions can be separated and definitely 
identified by well-established analysis methods such as nuclear magnetic 
resonance (NMR), elemental analysis, and x-ray single crystal diffraction, the 
molecular structure of a surface product on a plane metal surface can only be 
deduced from surface-sensitive analysis techniques, such as IRRAS, XPS, 
NEXAFS, and time-of-flight secondary ion mass spectroscopy (TOF-SIMS). But 
each of these methods provides partial information only. Therefore, an inte-
grated analysis and logical interpretation of the results from these surface-sen-
sitive techniques is necessary. 

We investigated a well known cross-linking reaction on gold surfaces as a 
method for biomolecular immobilization, i.e. fixing biological molecules onto 
a substrate (Scheme I). The reaction includes three steps: 1) the activation 
of the inert gold surface via the self-assembly an amino-terminated species, 
cystamine, which contains both a disulfide and two end-amines; 2) the subse-
quent surface reaction of the primary amines with hetero-bifunctional cross-
linkers bearing both an amine-reactive species, succinimidyl ester (NHS), and 
a thiol-reactive species, maleimide; and finally 3) the covalent attachment of 
biomolecules onto the surface. 

In step 2, we found that a surface derived from N-succinimidyl-6-maleimidyl-
hexanoate (SMH) presented a specific IRRAS spectrum, where four bands 
were observed in the carbonyl stretching region (1700-1900 cm-1), while only 
one band around 1710 cm-1 was observed for its analogous surfaces (Figure 
1). It is widely believed that the reaction occurs between amine and NHS, 
eliminating NHS as the leaving group and producing a maleimide-terminated 
surface. In this case, due to the asymmetric stretching mode of maleimide, 
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the infrared spectra should exhibit one strong band around 1710 cm-1. What 
caused the other three bands? We first thought that either a side reaction or 
an orientation of maleimide might account for them. Since NEXAFS studies for 
the orientation of functional groups are well understood by our colleagues, G. 
Hähner and D. Brovelli from the Laboratory of Surface Science and Technology 
at the Swiss Federal Institute of Technology in Switzerland, they collected the 
NEXAFS data at beamline U1A on our behalf. The results (Figure 2) confirmed 
the existence of the double bond (C=C) of maleimide and the random orientation 
of C=C and C=O. This measurement helped us to identify the real culprit, a side 
reaction of amine with maleimide, and thus the resulted terminal NHS groups, 
for the anomalous IRRAS spectrum. Further, we cross-proved our deduction 
with another experiment: the synthesis of the expected surface product, N,N'-bis
(maleimidylhexanoyl)cystamine (BMHC), in which BMHC self-assembles on gold 
surfaces. The IRRAS spectrum of BMHC only presents one strong band around 
1710 cm-1, corresponding to the maleimide-terminated surfaces, but is different 
than the spectrum for the SMH-derived surface that contains NHS. 

Finally, a cell-adhesive peptide bearing both a free amino and a free thiol group 
was grafted to two functionalized surfaces, a singular maleimidyl-pendant 
(BMHC-derived) surface and a two-linker (SMH-derived maleimide and NHS) 
modified surface, respectively. The first reaction produced an amino-terminated 
peptide structure via a thioether linkage; the latter produced a bridging peptide 
structure via both amide and thioether linkages. The above conclusions are 
carefully deduced from IRRAS measurements, and additionally supported by 
XPS, NEXAFS, and TOF-SIMS.

The different configurations of biomolecules on solid surfaces will have a sig-
nificant impact on the development of applications in biomaterials, biosensors, 
and biochips. The geometry and topology of the attached biomolecules affect 
surface charges, hydrophobic and hydrophilic properties, molecular orientations, 
and native conformations. In turn, these surface properties determine the 
molecules' biological activity and function.

Figure 2. NEXAFS spectra of 
surface 2 in Scheme 1 at the C 1s 
edge recorded for two angles of 
incidence. The overlapping of two 
lines between grazing (20°) and 
normal (90°) angles indicates the 
random orientation of maleimidyl 
groups.

Scheme 1. Sketch of the 
subsequent surface reactions. 1) 
cystamine SAMs, 2) a side-reaction-
resulted two-linker (maleimide and 
NHS)-terminated surface from 
SMH, 3) a one-end fixed peptide, 
and 4) a two-end fixed peptide. The 
linkage atoms S and N (marked a) 
are highlighted from amino acids 
Cys and Gly, respectively, but the 
peptide sequence H-Gly-Arg-Gly-
Asp-Ser-Pro-Cys-OH (GRGDSPC) 
is still kept. SMH is N-succinimidyl-
6-maleimidylhexanoate.

Figure 1. IRRAS spectra of a series 
of linker-functionalized surfaces, 
where the side-reaction-resulted 
curve 2f (surface 2 in Scheme 1) on 
the top is significantly different from 
its analogs (2a-g, 2h).

Wavenumber (1/cm)

A
bs

or
ba

nc
e

Photon energy (eV)

In
te

ns
ity

 (a
rb

. u
ni

ts
)

Science Highlights      2-27 



2-28 Chemical Science

BEAMLINE X18B

Funding
U.S. Department of Energy, Office of 
Basic Energy Sciences

Publication
W.F. Yan, B. Chen, S.M. Mahurin, V. 
Schwartz, D.R. Mullins, A.R. Lupini, S.J. 
Pennycook, S. Dai, and S.H. Overbury, 
“Preparation and Comparison of Sup-
ported Gold Nanocatalysts on Anatase, 
Brookite, Rutile, and P25 Polymorphs 
of TiO2 for Catalytic Oxidation of CO,” J. 
Phys. Chem. B, 109, 10676-10685 (2005).

For More Information
Sheng Dai, Surface Sciences Divsion, 
Oak Ridge National Laboratory

Email: dais@ornl.gov

Sheng Dai (photo courtesy of ORNL)

Preparation and Comparison of Supported Gold 
Nanocatalysts on Anatase, Brookite, Rutile, and P25 
Polymorphs of TiO

2
 for Catalytic Oxidation of CO
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S. Dai1, and S.H. Overbury1
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Scientists working at the Oak Ridge National Laboratory have prepared and 
characterized gold nanocatalysts supported on anatase, rutile, and brookite, 
which are polymorphs of titanium dioxide (TiO2). The objective of this investi-
gation was to probe the effect of different catalyst supports on the gold’s cata-
lytic activities. All catalysts in the study were exposed to an identical sequence 
of treatment and measurement. The as-synthesized catalysts exhibited high 
activity rates with concomitant Au reduction upon exposure to the CO-contain-
ing reactant stream. The reduction of cationic gold species was verified by 
x-ray absorption near-edge spectroscopy (XANES), suggesting what the domi-
nant contribution of the reduced gold species to the observed catalytic activity 
could be. The deactivation of the catalysts was observed following a treatment 
sequence at temperatures up to 573 K. The brookite-supported gold catalyst 
sustains the highest catalytic activity after all treatments. Both x-ray diffraction 
(XRD) and transmission electron microscope (TEM) results indicate that, fol-
lowing the reaction and pretreatment sequences, the gold particles supported 
by the brookite are smaller than those on the other supports.

In the late 1980s and the early 1990s, Haruta and coworkers (J. Catal. 1989, 
115, 301) discovered that gold particles deposited on titanium dioxide exhib-
ited a surprisingly high catalytic activity for low-temperature CO oxidation. 
This discovery has prompted worldwide research into the applications of gold 
catalysts in a number of industrially important reactions. The unique catalytic 
properties of gold nanoparticles have been correlated to many factors and 
structural parameters. Among them, the type of oxide support used plays a key 
role in controlling the catalytic activities of gold nanoparticles. The titanium-ox-
ide support used originally by Haruta and coworkers consists of a polymorphic 
mixture (P25) of anatase and rutile. To more deeply understand the reaction 
mechanism associated with gold nanoparticles, it is useful to study the support 
effect induced by allotropic forms. Titanium dioxide is a good candidate be-
cause it exists in three different allotropic forms: anatase, brookite, and rutile.

The main objective of our study was to prepare and test Au catalysts support-
ed on three polymorphs of TiO2, as well as on P25. EXAFS and XANES were 
employed along with other spectroscopic techniques for probing structural 
properties associated with the above systems. Our results indicated that when 
other experimental factors are kept constant, the catalytic activity is not much 
affected by the variation of the TiO2 phases. However, the stability of the Au 
nanoparticles varies with the specific support structure. We demonstrated that 
the brookite-supported Au catalyst is the most stable catalytic system.

Scanning transmission electron microscopy (STEM) analyses on the most 
active samples show predominantly 0.5 – 2 nm-sized gold particles on the 
TiO2 surface. On rutile and anatase these ultra-small gold nanoparticles are 
susceptible to aggregation under reaction conditions. Both the XRD and STEM 
techniques can be used to follow the size variation of gold nanoparticles. In 

Science Highlights      2-29 



2-28 Chemical Science

Figure 2. Au XANES spectra of the 
14 wt% Au-rutile sample recorded 
in the as-synthesized state, b) after 
exposing to the reaction mixture 
of 1% CO/air for 50 minutes, c) 
after heating to 473 K in Ar for 30 
minutes, and d) after reducing for 
30 minutes in 4% H2/He. Spectra 
were collected using a fluorescence 
detector.

Figure 1. The HRTEM micrograph 
of Au on brookite gold catalysts 
recorded in (a) the as-synthesized 
state), (b) following mild reduction at 
423K, and (c) following calcination 
at 573 K. Micrographs in (a) and (b) 
are obtained at 2 x 107 magnification 
and (c) is obtained at 5 x107 
magnification.
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contrast to the gold catalysts supported on anatase and rutile, the brookite-sup-
ported gold catalyst is much more stable. No gold XRD peaks were observed 
even after extended exposure to catalytic reaction conditions, suggesting that 
Au nanoparticles are stable on the brookite support under reaction conditions. 
The Z-contrast microscopy results were obtained on the brookite-supported 
samples at three different stages: 1) as-synthesized, 2) after reduction at 423 K, 
and 3) after calcination at 573 K. The micrographs in each of these stages are 
shown in Figure 1. The Au nanoparticles are visible in the as-synthesized state 
as very small, apparently thin rafts with sizes of 0.5 to 2 nm (Figure 1a). Little 
is changed following a mild treatment at 423 K (Figure 1b). The lattice fringes 
of the needle-like TiO2 crystallite are readily visible in both micrographs. After 
calcination at 573 K, these small rafts were not observed and Au particles were 
few or absent in several micrographs obtained by using the highest magnifica-
tion. The micrograph in Figure 1c shows a single Au particle that is 2 – 3 nm in 
size and exhibits fringes, suggesting that it is a faceted 3-D particle. At a lower 
magnification, many particles in the range of 1 – 10 nm are visible, and still 
lower magnification reveals many particles in the range of 30 – 70 nm.

XANES was used to extract information about the oxidation state of the Au 
species during the pre-treatment steps used in each of the sequences. Typical 
XANES spectra are shown for the Au-rutile surface in Figure 2. The pre-edge 
of the Au LIII absorption edges exhibits a sharp peak for the as-synthesized 
state, indicating that it is highly oxidized, probably mostly in the Au3+ state. This 
peak is slowly diminished by exposure to the reaction mixture of 1% CO/air at 
room temperature (Figure 2). This result demonstrates that reaction conditions 
at room temperature bring about the partial reduction of the Au, even though 
excess oxygen is present. Heating in Ar causes an additional decrease of the 
peak, indicating that some auto reduction is possible due to heating. Finally, 
reduction at 423 K causes a complete loss of the peak and leaves a spectrum 
that, except for slightly less pronounced oscillations, closely matches that of an 
Au foil. Additional treatments in hydrogen and in oxygen were performed up to 
573 K and subsequent spectra were run in the CO/air mixture. These treatments 
did not further alter the general shape of the spectrum or bring about any growth 
of the peak at the Au edge. Therefore, no re-oxidation occurs as a result of 
these treatments or exposure to reaction conditions.

Science Highlights      2-29 



2-30 Chemical Science

BEAMLINE X3A1

Funding
The Danish Research Councils (Dansync)

Publication
R.D. Poulsen, A. Bentien, M. Chevalier, 
and B.B. Iversen, "Synthesis, Physical 
Properties, Multitemperature Crys-
tal Structure, and 20 K Synchrotron 
X-ray Charge Density of a Magnetic 
Metal Organic Framework Structure, 
Mn3(C8O4H4)3(C5H11ON)2," J. Am. Chem. 
Soc., 127(25), 9156-9166 (2005).

For More Information
Bo Brummerstedt Iversen, Department of 
Chemistry, University of Aarhus, Denmark

Email: bo@chem.au.dk

Physical Properties and 20 K Synchrotron X-ray 
Charge Density of a Magnetic Metal Organic 
Framework Structure, Mn

3
(C

8
O

4
H

4
)

3
(C

5
H

11
ON)

2
R.D. Poulsen, A. Bentien, M. Chevalier, and B.B. Iversen

Department of Chemistry, University of Aarhus, Denmark

Interest in metal organic frameworks (MOFs) has exploded recently due to 
the potential gas-storage applications of these nanoporous materials. Here 
we present an investigation of a new magnetic MOF, Mn3(C8O4H4)3(C5H11ON)2,  
performed using a combination of physical properties measurements and 
x-ray charge density modeling. We found that the structure has an anti-
ferromagnetic ordering at ~4 K. The electron density, determined from 
multipole modelling of 20 K single-crystal synchrotron x-ray diffraction data, 
provides a microscopic understanding of the macroscopic magnetic properties. 
Furthermore, it allows for a detailed analysis of the chemical bonding as well 
as the calculation of derived properties, such as the electrostatic potential.

Experimental determination of electron densities (EDs) demands x-ray 
diffraction data of high quality. In order to reduce systematic errors in the data, 
such as extinction and absorption, x-ray diffraction experiments are prefer-
ably carried out on very small crystal samples. Extinction and absorption 
effects are also reduced if high-energy radiation is used. Thus, synchrotron 
radiation is highly advantageous in accurate x-ray charge density studies. 
Proper description of thermal motion requires high-resolution data, and this 
necessitates the use of helium cryostats. Very low temperature experiments 
have the added benefit of drastically reducing thermal diffuse scattering 
(TDS) effects. If accurate data have been measured, the ED can be modeled 
using the multipole method. A Bader topological analysis of the ED provides a 
characterisation of the chemical bonding.

The structure of Mn3(C8O4H4)3(C5H11ON)2, 1, consists of 1D chains of 
carboxylate-bridged manganese atoms, which are interconnected by 
the organic benzene-1,4-dicarboxylate linker (C8H4O4, BDC), forming 
rhombic cavities. A multitemperature structural characterization reveals a 
possible phase transition between 100 K and 20 K due to ordering of the 
diethylformamide molecules, (C5H11ON, DEF), bonded directly to the 1D 
chain and located in the rhombic cavities (Figure 1). The synthesis, physical 
property characterisation, and synchrotron x-ray charge density of a similar 1D 
manganese chain metal organic framework structure, Mn2(C8O4H4)2(C3H7ON)2, 
2, have been reported previously1. As for the structure of 1, this framework 
also consists of rhombic cavities spanned by the BDC linker, which 
interconnect the 1D manganese chains. However, contrary to 1, the magnetic 
susceptibility and heat-capacity measurements revealed no magnetic ordering 
down to 2 K. 

The topological analysis of the EDs of 1 and 2 reveal that no direct Mn-Mn 
bonds are present. The magnetic ordering in 1 is due to super-exchange via 
oxygen bridges between the Mn atoms within the 1D chain, whereas the lack 
of ordering in 2 is the result of one bridge being an entire carboxylate group 
(Figure 1). The 3D ordering in 1 is due to the alignment of the BDC π-systems 
at low temperature. The analysis of the magnetic susceptibility and heat-
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capacity data suggest Mn2+ ions for both 1 and 2. However, the ED analyses 
reveal very different Mn centers in 1 and 2. Orbital populations and a topological 
analysis show that both Mn atoms of 1 are almost neutral with a substantial 
anisotropy of the d-orbitals, whereas the Mn atoms of 2 are spherical, high-spin 
Mn2+ ions. The oxygen ligands have similar atomic properties in 1 and 2, and the 
difference between the Mn charges is due to a reversed polarity of the carbon 
atoms (slightly positive in 1, slightly negative in 2).

It is somewhat surprising that two structurally similar MOFs have quite different 
chemical-bonding and atomic properties. The differences can be directly ob-
served in the electrostatic potentials (Figure 2) calculated from the experimental 
EDs. For 1 the potential is fairly uniform, whereas the potential for 2 shows both 
negative and positive regions. Whether these observations can be correlated 
with the gas-absorption properties is not yet known, but future ED studies of 
similar MOFs will be of considerable interest. 

1R.D. Poulsen, A. Bentien, T. Graber, and B.B. Iversen, Acta Crystallogr. Sect. A, 
60, 382-389 (2004).

Figure 2. The electrostatic 
potentials of 1 and 2, calculated 
from the experimental electron 
density and plotted on density 
isosurfaces of 0.01 e/Å3. The 
potentials are drawn with the same 
color coding, which ranges from -0.3 
e/Å (blue) to 0.3 e/Å (red).

Figure 1. (A) A view of the crystal 
structure along the a-axis. In one 
of the nanopores an electron 
microscope image of a single crystal 
specimen is overlaid. Approximate 
pore dimensions are given in Å. (B) 
The 1D manganese chain of 1. (C) 
The Mn-chain in 2. The Mn-chain 
runs approximately along the a-axis. 
Thermal ellipsoids are drawn at 50% 
level, and in all figures the axes 
directions are shown with arrows.

(A)

(B)

(C)
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The catalytic oxidation of methanol into products that serve as primary re-
agents for organic synthesis, such as formaldehyde, is a leading process in 
the chemical industry. Metal oxide catalysts are conventionally used in metha-
nol oxidation, but understanding the active phases in these catalysts is chal-
lenging since they usually have a wide range of geometric structures and oxide 
compositions. Using soft x-rays produced at the National Synchrotron Light 
Source, scientists at Rutgers University and the University of North Carolina 
have shown a direct correlation between the presence of rhenium oxides in 
low oxidation states and catalyst deactivation. Disordered oxygen phases are 
revealed to enhance catalytic activity and the formation of these phases is af-
fected by catalyst structure.

How active a catalyst is depends strongly on its morphology and surface struc-
ture. Most industrial catalysts contain an active component, typically nanome-
ter-scale particles of transition metals and oxides, which are dispersed on a 
high-area support made of a relatively inert oxide. In these composite materi-
als, catalyst particles of varying sizes expose a number of different structural 
planes, each with its own contribution to the overall catalytic activity. Because 
the complex structures of a real catalyst often hinder the development of 
rational connections to its performance, studies on model catalysts with well-
defined structures allow scientists to establish more precise structure−activity 
relationships in catalysis.

We prepared model rhenium (Re) oxide catalysts with different morphologies, 
atomic-scale structures, and oxidation states, since Re oxides are demon-
strated to be selective catalysts for methanol oxidation reactions. Using soft 
x-ray photoelectron spectroscopy (SXPS) at NSLS beamline U4A, we char-
acterized the chemical states of Re atoms and cations on the surfaces of the 
model catalysts. The energy range of soft x-rays at beamline U4A matches 
the binding energies of Re states well, which allows us to probe the surface 
region of the model catalysts —  where chemical reactions take place — with 
ultrahigh sensitivity and resolution. We also tested the chemical reactivity of 
these model catalysts towards methanol by applying temperature programmed 
reaction spectroscopy.

We chose the atomically rough Re (1231) surface, shown in Figure 1, be-
cause it easily converts to different structures when treated with oxygen. When 
covered with oxygen at room temperature, this surface retains its planar form. 
When heated in small quantities of oxygen, however, Re (1231) undergoes 
massive structural rearrangements to build nanosized ‘hill-and-valley’ facets 
that cover the entire surface. These tiny facets have (1121) and (0110) surface 
structures, each of which is much smoother on the atomic scale than the pla-
nar (1231) surface. SXPS data show that both planar and faceted Re remain 
covered with an oxygen layer, such that Re atoms at the surface are bonded to 
1-, 2-, and 3-oxygen neighbors. But the planar surface has a broader distribu-
tion of these Re−O bonds, indicating more disorder in this oxygen overlayer 
compared to the faceted surface. On both surfaces, a small amount of oxygen 
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also reacts with the metal to form an oxide, ReO.

To increase oxide formation, Re (1231) is exposed to a high overpressure of 
oxygen at an elevated temperature. This produces a thin oxide film on the facets 
composed of Re cations in low oxidation states, mainly ReO and Re2O3 (Figure 
1). So, we can prepare oxygen-covered rhenium surfaces with different planar 
and faceted structures, as well as rhenium oxide films, in order to investigate 
how surface structure and oxide composition affect the activity of methanol oxi-
dation catalysis. 

Methanol reacts on the planar and faceted surfaces to yield the oxidation prod-
ucts, formaldehyde and carbon monoxide, as shown in Figure 2. A competing 
reaction to methanol oxidation is non-selective decomposition of methanol to 
its constituent atoms. Notably, the faceted surface is much less active towards 
methanol conversion, and a portion of methanol leaves the surface unreacted. 
In contrast, the thin oxide film exhibits virtually no activity for methanol reaction.

Our studies indicate that rhenium oxides in low oxidation states are completely 
inert towards methanol, and that surface structure plays a key role in enhancing 
the activity of oxide catalysts towards oxidation reactions. These findings were 
made possible by using soft x-ray photoelectron spectroscopy to characterize 
the catalytically active states on the model catalysts.

Figure 2. Methanol conversion 
activity and product selectivity from 
the model Re oxide catalysts.

Figure 1. (Top) Surface structure 
of atomically rough Re (1231). 
(Bottom) High resolution soft x-ray 
photoelectron spectra (SXPS) of 
the planar and faceted oxygen-
covered Re surfaces, and of the thin 
Re oxide film, formed by different 
oxygen treatments to the Re (1231) 
surface.
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We present a quantum chemical and experimental analysis of the electrode-
potential dependencies of activation energies for the first step in oxygen 
reduction over platinum and platinum-alloy catalysts in both polycrystalline 
and carbon-supported form. Tafel data for several of the catalysts are used to 
predict potential-dependent activation energies for oxygen reduction over the 
0.6-0.9 V range in acid. Comparisons with the theoretical curve show good 
agreement above 0.8 V, suggesting a fairly constant pre-exponential factor. 
Arrhenius determinations of activation energies over the 0.7-0.9 V range for 
strong acid trend with the potential, as predicted by theory. These combined 
results provide strong support that, during the four-electron reduction of O2 

to H2O on fuel-cell platinum cathodes, the first electron-transfer step has the 
highest activation energy.

Determining the compositions and structures of electrocatalyst surfaces and 
the mechanisms and kinetic parameters of reactions occurring on them are 
goals at the frontier of the field of electrochemistry. In this study, we found that 
measured kinetic results for oxygen reduction on unsupported polycrystalline 
platinum and platinum alloy (Pt3M) electrodes and on carbon-supported nano-
clusters are quite similar. The similarity is justified theoretically with a simple 
local reaction center model for the first reduction step, which involves just two 
Pt atoms.  

For the unsupported electrodes studied by the Lawrence Berkeley National 
Laboratory (LBL) group, surface compositions were determined using low-en-
ergy ion-scattering (LEIS) spectroscopy. The group found that the annealed 
electrodes were covered with a Pt skin. Supported nanoclusters studied by 
the Northeastern University group were characterized using x-ray diffrac-
tion (XDS), x-ray absorption near edge fine structure (XANES), and extended 
x-ray absorption fine structure (EXAFS) spectroscopies at beamline X11A. 
That group determined, respectively, nanocatalyst particle sizes, atomic ratio, 
and atom-coordination and nearest-neighbor distances. They found that the 
particles have average sizes of 2.5 nm for Pt/C, 3.6 nm for PtCo/C, and 3.9 
nm for PtFe/C. The XANES and EXAFS results were consistent with Pt3M alloy 
composition and the presence of a Pt skin on their surfaces.

Rotating disc electrodes were used to ensure accurate current density mea-
surements at the chosen electrode potentials, and the temperature dependen-
cies yielded Arrhenius activation energies. For all the unsupported polycrystal-
line electrodes (Pt, sputtered Pt3Ni and Pt3Co, and annealed Pt3Co), activation 
energies centered on 0.24 eV  ± 0.025 eV and did not demonstrate a depen-
dence on potential, the results being the same as earlier studies of supported 
nanoparticles at LBL. In its measurements of supported nanoclusters, the 
Northeastern group was able to reduce the uncertainties in activation energies 
to about 0.02 eV for Pt/C and 0.005 eV for PtCo/C. For PtFe/C the uncertain-
ties were the same as in the LBL measurements. The Northeastern activation 
energies for Pt/C and PtCo/C displayed the same trend as the theoretically Alfred Anderson
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predicted electrode potential values, as shown in Figure 1. The theoretical 
values determined using the local reaction center model electron transfer theory 
developed at Case Western Reserve University (Case) are systematically about 
0.1 eV smaller than the Arrhenius values, for unknown reasons. 

We then took the Arrhenius/Tafel expression

log[i(U)] =  log(A) – Ea(U)/(2.3026RT)

where i is the kinetic current density, A is the preexponential factor, U is the 
potential, and Ea is the activation energy, and determined the A values by fitting 
one of the experimental Ea values. With the A values, we used the above equa-
tion to calculate activation energies, as shown in Figure 2. The trends in Ea vs. 
U over the 0.8 V – 0.95 V range are in good agreement with the trend predicted 
at Case. 

The overall agreement between the theoretical predictions and the measured 
current densities suggest that (i) the first electroreduction step, forming 
adsorbed OOH, is the rate-limiting step; and (ii) the active catalyst sites for 
the various catalyst systems are similar, and the presence of alloying atoms 
adjacent to the active site does not dramatically affect the activation energy. 
The ability to calculate qualitative apparent activation energies as functions of 
electrode potential from the Tafel plot data suggests that the surface density of 
active sites may remain fairly constant over the 0.8 to 0.95 V range on each of 
the catalysts.

Figure 1. Experimental activation 
energies at different electrode 
potentials (SHE) for carbon-
supported Pt, Pt3Co, and Pt3Fe in 
1M CF3SO3H.

Figure 2. Calculated activation 
energies at different electrode 
potentials (SHE) determined from 
Tafel plots data. Open circles are 
for unsupported electrodes at LBL 
and filled circles are for supported 
nanoparticles at Northeastern.
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Robust TaN
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Technology with Sub-Nanometer Thickness by Metal 
Organic Plasma-Enhanced Atomic Layer Deposition
H. Kim1, C. Detavenier2, O. van der Straten2, S.M. Rossnagel2, A.J. Kellock3, and D.-G. Park4 
1Department of Materials Science and Technology, Pohang University of Science and Technology, South Korea; 
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TaNx diffusion barriers with good barrier properties at sub-nanometer thickness 
were deposited by plasma-enhanced atomic layer deposition (PE-ALD) from 
pentakis(dimethylamino)Ta. A hydrogen and/or nitrogen plasma was used as 
the reactant, producing TaNx thin films with different nitrogen content. The film 
properties, including the carbon and oxygen impurity content, were affected 
by the nitrogen flow during this process. The film, deposited using the hydro-
gen-only plasma, forms nanocrystalline grains while an amorphous structure 
was obtained by using the nitrogen plasma. The diffusion-barrier properties of 
deposited TaN films, as for Cu interconnects, have been studied using thermal 
stress tests based upon synchrotron x-ray diffraction. The results indicate that 
the PE-ALD TaN films are good diffusion barriers even at thicknesses as small 
as 0.6 nm. Better diffusion barrier properties were obtained for films with high-
er nitrogen content. Based on a diffusion kinetics analysis, the nanocrystalline 
microstructure of the films was responsible for the better diffusion barrier prop-
erties compared to polycrystalline PE-ALD TaN films deposited from TaCl5.

Among the key materials used for today’s semiconductor processing, thin films 
of inert, refractory materials are expected to be used continuously in Cu inter-
connect applications, such as diffusion barriers and seed and adhesion layers, 
as well as for potential front-end applications, such as contacts or gate metal-
lization. With the scaling down of these devices, atomic layer deposition (ALD) 
has been spotlighted due to its ability to produce highly conformal films. The 
use of a metal organic (MO) precursor for diffusion-barrier ALD has the benefit 
of producing a chlorine-free diffusion barrier. However, the diffusion-barrier 
properties of MO-based ALD TaN layers for Cu interconnects were not studied 
systematically.

In this study, we have developed a metal organic PE-ALD method for deposit-
ing TaN thin films from pentakis(dimethylamino)Ta (PDMAT) using nitrogen and 
hydrogen plasmas as the reactants. A solid PDMAT (powder) source contained 
in a glass tube was used as a metal precursor. Atomic hydrogen and activated 
N2 were generated by a quartz tube connected to the sample chamber via a 
gate valve, and hydrogen and nitrogen gases were supplied via a leak valve. 
For Cu diffusion-barrier measurements, a 200 nm Cu layer (created via physi-
cal vapor deposition (PVD)) was deposited on top of the PE-ALD TaN layer, 
without breaking the vacuum, using a UHV (ultra high vacuum) sputtering 
system with a power level of 1 kW (dc). A SiO2 buffer layer placed between the 
poly-Si layer and Si (100) substrate was used on the other samples to electri-
cally isolate the Si(100) substrate during the sheet-resistance analysis.

Copper diffusion-barrier failure was studied using three different in situ tech-
niques, including synchrotron x-ray diffraction (XRD), optical scattering, and 
sheet resistance measurements, conducted simultaneously, while the samples 
were annealed at a temperature ramp rate of 3 °C/s from 100 to 1000 °C in a 
He environment. The analysis was completed at National Synchrotron Light 
Source beamline X20C.

Hyungjun Kim
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Figure 1 shows the synchrotron XRD contour map for MO PE-ALD TaN films of 
three different thicknesses — 3 nm, 0.6 nm, and 0.3 nm — that were all grown 
with hydrogen plasma. For the 3 nm thick film, the Cu 111 peak begins to disap-
pear at about 750 °C, indicating the good diffusion-barrier property of the MO 
PE-ALD TaN film. Even after decreasing the thickness to 0.6 nm, the Cu 111 
peak begins to disappear at temperatures higher than 700 °C. Thus, the thermal 
diffusion-barrier properties of MO PE-ALD TaN films are excellent even at sub-
nanometer thicknesses. Only for film thicknesses smaller than 0.3 nm, where 
the film is only a couple of monolayers thick, does the Cu silicide formation 
occur at a temperature below 500 °C. Even for this ultra-thin film, however, most 
of the Cu layer stays intact, judging from the observation that the Cu 111 peak 
intensity remains high up to 720 °C. Thus, we can conclude that the formation 
of silicide occurs locally (where the TaN film is not formed evenly). The barrier-
failure temperatures for MO PE-ALD TaN layers, obtained from Figure 1, are 
represented in Figure 2. The barrier-failure temperatures increase with increas-
ing thickness. For comparison, the previously reported barrier-failure tempera-
tures for PE-ALD TaN films from TaCl5 and a hydrogen and nitrogen mixture 
with stoichiometric composition, which were analyzed using exactly the same 
conditions, are also shown. From the microstructure analysis, done via XRD 
and transmission electron microscopy (TEM), the good diffusion barrier property 
of MO PE-ALD TaN is due to the amorphous microstructure of the film. In this 
sense, PE-ALD films with engineered microstructures and compositions are very 
promising barriers in the near-future integration of Cu interconnect technology.

Figure 1. Synchrotron x-ray 
diffraction analysis as a function of 
annealing temperature for a 200 nm 
PVD Cu/ MO PE-ALD TaN/poly-Si 
test structure with TaN thicknesses 
of (a) 3 nm, (b) 0.6 nm, and (c) 0.3 
nm. The samples were annealed 
at 3 °C/s from 100 to 1000 °C in 
forming gas.

Figure 2. Barrier-failure 
temperatures determined using 
synchrotron x-ray diffraction analysis 
for MO PE-ALD TaN (black squares) 
and chloride PE-ALD Ta (open 
circles). Also shown are the failure 
temperatures of 0.5 nm MO PE-ALD 
TaNx deposited at different nitrogen 
plasma conditions (open squares).
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The Structure of Ba@C
74

A. Reich1, M. Panthöfer1, H. Modrow2, U. Wedig1, and M. Jansen1

1Max Planck Institute for Solid State Research, Germany; 2 Institute of Physics of the University of Bonn, Ger-
many

For the first time, the structure of a monometallofullerene has been ana-
lyzed using single-crystal synchrotron diffraction on microcrystals of 
Ba@C74⋅Co(OEP)⋅2C6H6 (where Co(OEP) is cobalt(II)-octaethylporphyrin) at 
100 K. This monometallofullerene exhibits a high degree of localization of its 
endohedral metal ion, with just two split positions for barium and two orienta-
tions for the C74 cage. The crystal structure consists of complex units (Ba@C
74)[Co(OEP)]2(Ba@C74) arranged in a distorted, primitive hexagonal packing. 
Despite the disorder still present, we have derived a consistent and conclusive 
structure model for the title compound by employing a combination of x-ray 
diffraction, x-ray absorption near-edge structure (XANES) spectroscopy, and 
quantum chemical calculations.

Since the discovery of fullerenes, information about the molecular and elec-
tronic structure of this new family of carbon allotropes, which include “endohe-
dral” metallofullerenes (those with metal atoms inside the fullerene cage) and 
fullerene compounds, has been essential for understanding their physical and 
chemical properties. To acquire such information, the availability of precise 
crystal structure data is a crucial prerequisite.
 
In ongoing research efforts, we have developed a method that allows a high-
yield synthesis of small and mid-sized endohedral fullerenes consisting of 
divalent metals that follow M@Cm (where m = 60, 70, 72, 74, 76; M = Ca, Sr, 
Ba, Eu). In this method, we inductively heat graphite and the corresponding 
metal inside a radiofrequency field to temperatures of up to 3000 K (Figure 1), 
and then isolate individual species from the raw soot extracts using multi-step 
high-performance liquid chromatography (HPLC).

By employing micro-crystal synchrotron diffraction techniques, computa-
tional chemistry, and XANES spectroscopy in a synergetic manner, we were 
able to determine the structure of Ba@C74 as a co-crystallizate with Co-oc-
taethylporphyrin (Co(OEP)) and C6H6 (benzene). The crystal structure of 
Ba@C74⋅Co(OEP)⋅2C6H6 consists of complex units (Ba@C74)[Co(OEP)]2(Ba
@C74) exhibiting a back-to-back orientation of two Co(OEP) molecules, each 
coordinating one Ba@C74 molecule (Figure 2). The overall structure may be 
regarded as a distorted, primitive hexagonal packing of these complex units. 
Yet, the fullerene substructure is disordered, with two orientations for the C74 
cage and two positions for the barium atom. Thus, four different barium-to-C74 
coordination schemes have to be discussed. Out of those, two are similar to 
those found from the results of the quantum-chemical investigations. Yet, the 
shortest Ba-C distances do not correspond to the central 6:6 bond of a pyrac-
ylene unit located at one of the three pockets of the cloverleaf-shaped C74 
molecule, but to its vicinity.

As stated above, computational investigations on Ba@C74 show that the local 
minimum structure of Ba@C74 corresponds to a three-fold degenerate arrange-
ment with barium located in one of the three pockets of C74, coordinating to 
the central 6:6 pyracylene bond. Remarkably, the molecular structure of the 
neutral C74 cage in Ba@C74 differs only slightly from the molecular structure 
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of a C74
2- dianion (both determined using the density-functional theory in local-

density approximation). Those differences are highly localized in the central 6:6 
bond of the pyracylene units.

This discrepancy between the results of the experimental and the computational 
investigations is clearly due to the intermolecular interactions present in the 
co-crystallizate. On one hand, those Co(OEP)-Ba@C74 configurations that result 
in a large contact surface between the two molecules allow attractive π-π and 
dispersion interactions. On the other hand, configurations where the pyracylene 
unit at the pocket of Ba@C74 is pointed towards the Co-atom of the Co(OEP) 
molecule allow stabilization via multipole-multipole interactions. The competition 
between these two different intermolecular interactions triggers the orientational 
disorder of the C74 cage. Furthermore, molecular dynamics simulations reveal a 
nearly flat potential hypersurface around the local minima positions within the 
pocket of the cloverleaf-shaped molecule. This suggests an easy displacement 
of the Ba atom near a minimum that is produced by a direct interaction between 
the Ba2+ cation and the Co(OEP) molecule. Thus, the positional disorder of the 
barium atom is a consequence of the orientational disorder of the C74 cage, 
which is due to the competition of π-π and electrostatic interactions.

Figure 2. A (Ba@C74)[Co
(OEP)]2(Ba@C74) unit in 
Ba@C74⋅Co(OEP)⋅2C6H6 (for clarity, 
only one fullerene orientation is 
given). 

Figure 1. The radio-frequency 
furnace for endohedral fullerene 
synthesis in action.
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The Electron-Boson Spectral Function α2F(ω) of 
High-T

c
 Superconductors

S.V. Dordevic1, C.C. Homes1, J.J. Tu1, T. Valla1, M. Strongin1, P.D. Johnson1, G.D. Gu1, and D.N. 
Basov2

1Department of Physics, Brookhaven National Laboratory; 2Department of Physics, University of California, San 
Diego

We have developed and implemented a new numerical procedure for extract-
ing electron-boson spectral functions from infrared (IR) and angle-resolved 
photoemission spectroscopy (ARPES) data. The new method is based on in-
verse theory and has numerous advantages over previously employed proce-
dures. Using this new method we have calculated the electron-boson spectral 
functions of high-critical-temperature (high-Tc) cuprates, from both IR and 
ARPES data obtained at the NSLS. The spectral functions have a characteris-
tic shape, dominated by a pronounced peak at low energies and a significant 
contribution at higher energies.

The nature of the collective boson mode responsible for superconductivity in 
the cuprate family of high-critical-temperature (high-Tc) superconductors is 
currently the center of great controversy in the field. Two opposing views have 
been battling for supremacy. The older scenario, dating back to the early 90s, 
argues for spin-fluctuations as the pairing glue for high-Tc superconductiv-
ity. More recently, phonons have been put forward as possible mediators for 
superconductivity in the cuprates.

The physical quantity that characterizes coupling between charge carriers and 
collective bosonic modes is a so-called Eliashberg electron-boson spectral 
function α2F(ω). It is one of the most important characteristics of a boson-ex-
change superconductor. This function can be obtained from tunneling, pho-
toemission (ARPES), or infrared (IR) spectroscopy. However, the process of 
obtaining α2F(ω) is nontrivial because α2F(ω) is convoluted in the experimental 
data. For example, in the IR case the celebrated Allen result relates α2F(ω) to 
the experimentally accessible quasiparticle scattering rate 1/τ(ω) through an 
integral relation:
          

                  
We have recently developed a new numerical procedure for extracting α2F(ω) 
based on a mathematical procedure called inverse theory. The method uses a 
so-called singular value decomposition (SVD) of matrices and has numerous 
advantages over previously employed procedures. For example, the inversion 
can be performed not only at T= 0 K but also at higher temperatures, the effect 
of the superconducting energy gap can be taken into account, and the numeri-
cal error can be controlled. Using this new procedure we have re-analyzed our 
IR and ARPES data on several families of cuprate data, part of which were 
obtained on NSLS beamlines U10A and U13UB.
 
Figure 1 displays inversion calculations on IR data at 10 K for underdoped 
YBa2Cu3O6.6 (YBCO) with Tc= 59 K. The right panels show scattering-rate 
data (green lines) and the left panels present the calculated spectral function 
α2F(ω) (blue lines). The right panels also show the scattering rate 1/τcal(ω) (red 
lines) calculated from the corresponding spectral function on the left. Differ-
ent panels display inversion results with different levels of smoothing, i.e. 
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1       2π
τ(ω)     ω= (ω − Ω)α2F(Ω)dΩ. (Equation 1)
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different levels of error. The spectral function has a characteristic shape, with a 
pronounced peak in the far-IR followed by a strong dip and a significant contri-
bution at higher frequencies. The peak is believed to originate from the coupling 
of charge carriers to the so-called (π, π)-resonance observed in neutron-scatter-
ing experiments. More recently, phonons have been advocated as an alternative 
explanation.

Similar numerical procedures can also be applied to ARPES. Figure 2 displays 
inversion calculations of ARPES data of optimally doped Bi2Sr2CaCu2O8+δ (BSC-
CO) with Tc= 92 K obtained at beamline U13UB. The top panels display data in 
the normal state (above Tc), whereas the bottom panels display the data in the 
superconducting state. The right panels are measured quasiparticle dispersions 
(red dots) and the left panels are calculated α2F(ω) values. The right panels also 
show calculated spectral functions (green lines).

The importance of this new numerical procedure goes beyond high-Tc super-
conductors, IR, and ARPES. Similar numerical procedures can be applied to 
conventional superconductors, as well as to other experimental methods whose 
data can be described by an integral equation similar to Equation 1.

Figure 2. The spectral function 
α2F(ω) of optimally doped BSCCO 
with Tc=92 K, extracted from ARPES 
data. The left panels show α2F(ω) 
spectra and the right panels show 
the ARPES quasiparticle dispersion 
Ek (green circles) and calculated 
dispersion Ek,cal (blue lines).

Figure 1. Spectral function α2F(ω) 
for underdoped YBa2Cu3O6.6 with 
Tc= 59 K. The left panels show 
α2F(ω) and the right panels show 
the experimental 1/τ((ω)) along 
with 1/τcal(ω) calculated from the 
corresponding spectral function 
on the left. The level of smoothing 
is easily controlled by the new 
inversion procedure.
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Microscopic Origin of Polarity in Quasi-Amorphous 
BaTiO

3
A.I. Frenkel1, Y. Feldman2, V. Lyahovitskaya2, E. Wachtel2, and I. Lubomirsky2

1Yeshiva University; 2Weizmann Institute of Science

The recent demonstration of pyroelectricity in quasi-amorphous thin films of 
BaTiO3 introduced a new type of material: non-crystalline polar ionic solids. To 
elucidate the origin of polarity in this system we investigated its local bonding 
environment using the x-ray absorption near-edge structure (XANES) and ex-
tended x-ray absorption fine structure (EXAFS) techniques. We found that the 
local bonding unit of TiO6 octahedra is identical in amorphous (as-deposited, 
non-polar), quasi-amorphous (non-crystalline, polar), and crystalline (highly 
polar) BaTiO3. The TiO6 octahedra are distorted due to the off-center displace-
ment of the Ti ion; therefore, these octahedra have a local dipole moment. 
This implies that the macroscopic dipole moment in the quasi-amorphous films 
is the result of the partial alignment (<5%) of the TiO6 octahedra.

A group from the Weizmann Institute of Science, led by Igor Lubomirsky, 
recently synthesized a new type of amorphous ionic solid that is polar but 
lacks long-range order. Radio frequency magnetron-sputtered BaTiO3 thin 
films (100-180 nm) on Si (100) are pulled through a temperature gradient with 
a peak temperature of 600 °C. The resulting non-crystalline but pyroelectric 
and, therefore, polar phase was named “quasi-amorphous,” in contrast to the 
as-deposited amorphous phase that is neither pyroelectric nor piezoelectric 
and, therefore, non-polar. A collaboration between Yeshiva University’s Anatoly 
Frenkel and Lubomirsky’s group investigated the origin of polarity in this new 
type of material. Another objective of their investigation was to find out wheth-
er the local dipoles responsible for the polarity of the quasi-amorphous BaTiO3 
had already existed in the as-deposited films, or if they were formed during the 
temperature-gradient step.

Ti K-edge XANES and EXAFS were the techniques of choice due to their 
sensitivities to the short-range ordering around Ti atoms. In addition to the as-
deposited and quasi-amorphous films, we also studied the partially crystallized 
films prepared by isothermally annealing the as-deposited films. The XANES 
data features the peak A located at 4967 eV, the region corresponding to the 
1s-3d transition, which is dipole-forbidden in the atom by the ΔL = 1 selection 
rule (Figure 1). In order to contribute significantly to XANES data in this range 
of energies, the final state of the photoelectron must have some p-like charac-
ter in the solid, via a hybridization of the Ti 3d and O 2p orbitals and the con-
comitant displacement of the Ti atom away from the TiO6 octahedra’s center of 
inversion symmetry. Both the height and position of the pre-edge feature, A, 
are directly related to the degree of p-d mixing and, therefore, to the coordina-
tion geometry and oxidation state of Ti. The majority of Ti atoms were found 
to be in an octahedral environment in all samples (Figure 2). This result was 
independently confirmed by the EXAFS data (the first shell signals in all the 
data were identical), which implies that the local environment of the Ti4+ ion did 
not undergo detectable changes during the transformation of the amorphous 
(non-polar) phase into the quasi-amorphous (polar) phase (Figure 3) and that 
it was octahedral in both cases.

As shown by Krayzman et al, the area under the peak A is a measure of the 
displacement (d) of the Ti ion from the center of the TiO6 octahedron: A ~ d2. 
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The strength of the local dipole moment is proportional to d and can therefore 
be measured in the XANES experiment. We obtained the values of d in all sam-
ples and found that they exceeded that of bulk BaTiO3 (0.23 Å), the amorphous 
and quasi-amorphous samples being the most distorted (0.45 Å). 

Preservation of the local bonding unit in amorphous BaTiO3 implies that the 
formation of the macroscopic dipole moment (polarity) in the quasi-amorphous 
material occurs via the partial alignment of the TiO6 octahedra in the tempera-
ture gradient. The degree of alignment, estimated from the magnitude of the 
pyroelectric effect, is below 5%, which indicates that even a relatively small 
deviation from the random orientation of local dipoles may lead to macroscopic 
dipole moments, comparable to those observed in pyroelectric crystals. This 
was confirmed experimentally by polarized XANES measurements in quasi-
amorphous films oriented at different angles with respect to the incident x-ray 
beam. The anisotropy of Ti-atom displacements in the in- and out-of-film plane 
directions was found to be less than 5%. 

The origin of polarity in quasi-amorphous BaTiO3 is caused by 1) the existence 
of large off-center displacements of the Ti atoms within relatively stable TiO6 lo-
cal bonding units; 2) their weak orientational order, generated by the gradient of 
mechanical strain produced in the temperature gradient; and 3) the electric field 
resulting from the concomitant flexoelectric effect. Therefore, the quasi-amor-
phous films can be viewed as being analogous to a poorly aligned nematic liquid 
crystal. These results imply that, under similar conditions, it may be possible 
to align and/or manipulate polar local bonding units (for instance, in TiO4, TiO6, 
NbO4, NbO6, or VO6) to create other quasi-amorphous materials, which will 
similarly possess an unusual combination of properties, such as polarity in the 
absence of crystallinity.

Figure 1. XANES spectra of 
as-deposited amorphous, quasi-
amorphous, and crystalline films. 
The data for bulk BaTiO3 and 
a sample of EuTiO3 are given 
for comparison. The feature A 
(insert) is affected by the size of Ti 
displacements that range from small 
and dynamic (as in cubic EuTiO3) to 
large and static (as in BaTiO3). 

Figure 2. Intensities and positions of 
XANES feature A in four-, five-, and 
six-fold coordinated Ti in different 
reference compounds (hollow 
squares) and in our BaTiO3 films 
(color symbols).

Figure 3. EXAFS data in r-space of 
the amorphous, quasi-amorphous, 
crystalline, and bulk BaTiO3 
samples.  
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High Pressure Study of Structural Phase Transitions 
and Superconductivity in La
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4
M.K. Crawford1, R.L. Harlow1, S. Deemyad2, V. Tissen2, J.S. Schilling2, E.M. McCarron1, S.W. 
Tozer3, D.E. Cox4, N. Ichikawa5, S. Uchida5, and Q. Huang6

1DuPont Co.; 2Washington University; 3National High Magnetic Field Laboratory; 4Brookhaven National Labora-
tory; 5University of Tokyo, Japan; 6National Institute of Standards & Technology Center for Neutron Research

We have determined the crystal structures and superconducting transition 
temperatures of La1.48Nd0.4Sr0.12CuO4 under nearly hydrostatic pressures in 
diamond anvil cells to 5.0 GPa and 19.0 GPa, respectively. Synchrotron x-ray 
powder diffraction measurements were used to establish the material’s pres-
sure-temperature structural phase diagram. Under pressure the superconduct-
ing transition temperature (Tc) increases rapidly from Tc ≈ 3 K to a maximum 
value of 22 K at 5 GPa, a pressure slightly greater than required to stabilize 
the undistorted I4/mmm structure in the superconducting state.

Superconductivity is among the most remarkable physical phenomena discov-
ered during the 20th century. Although the famous Bardeen-Cooper-Schrieffer 
theory of superconductivity can explain most experimental observations for 
conventional superconductors, the high-temperature superconducting cuprates 
have yet to be completely understood in a similar way.

Perhaps the simplest superconducting cuprates are based upon the parent 
compound lanthanum cuprate (La2CuO4), whose structure is shown in Figure 1. 
This material, when doped with increasing amounts of alkaline-earth ions such 
as Sr2+ (i.e. La2-xSrxCuO4), transforms from a Mott insulator to a metal, and then 
superconducts with a critical temperature (Tc) as high as 38 K when x = 0.15. 
Lanthanum cuprates for which some of the La3+ is replaced with both Sr2+ and 
Nd3+ (i.e. La2-x-yNdySrxCuO4) exhibit structural phase transitions involving tilts of 
the CuO6 octahedra (Figure 1) that strongly suppress Tc. The suppression of 
Tc is most pronounced when the Sr2+ doping, x, is 1/8. These structural phase 
transitions are sensitive to external parameters such as pressure and tempera-
ture, and thus it is interesting to observe the effect of applied pressure at vari-
ous temperatures upon the structure (and superconductivity) of these materials. 
Here we describe a set of x-ray powder diffraction experiments conducted for 
that purpose at beamline X7A.

The x-ray powder sample of composition La1.48Nd0.4Sr0.12CuO4 was immersed in a 
4:1 ethanol:methanol mixture within a Merrill-Bassett diamond anvil cell that was 
then mounted in a displex closed-cycle refrigerator. A position-sensitive detec-
tor was used to detect the scattered x-rays of wavelength near 0.7 Å (energy of 
about 17 keV). Pressures were measured using laser-excited fluorescence from 
small ruby chips placed inside the diamond anvil cells, as well as by measure-
ments of the lattice parameters of small quantities of NaCl or CaF2 also included 
in the cells.

In Figure 2 we show two typical x-ray diffraction patterns, obtained at pres-
sures of 2.2 and 4.2 GPa, for a sample of composition La1.48Nd0.4Sr0.12CuO4. In 
Figure 3 we show the structural phase diagram for this material (based upon 
the x-ray data), compared with the superconducting transition temperature, as a 
function of pressure. At ambient pressure this material has a low superconduct-
ing Tc ≈ 3 K associated with the low-temperature tetragonal (LTT) structure and 
the special Sr2+ concentration of x = 1/8. Under pressure the LTT phase is first 
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replaced by the low-temperature orthorhombic LTO2 phase, then at pressures 
above 4.0 GPa the high-temperature tetragonal (HTT) structure remains stable to 
T = 10 K. The superconducting transition temperature increases dramatically un-
der pressure and reaches a maximum value of Tc = 22 K near 5.0 GPa, coincident 
with the appearance of the undistorted HTT phase.

The results we describe here have implications for the presence of charge order-
ing in cuprates. The LTT structure of La1.48Nd0.4Sr0.12CuO4 was the first cuprate 
shown to exhibit static one-dimensional charge and spin stripes (in experiments 
performed at the High Flux Beam Reactor at Brookhaven National Laboratory 
by Tranquada, Axe, and coworkers). This observation provided an explanation 
for the previously known suppression of superconductivity in this material at 1/8 
doping: commensurate one-dimensional static charge and spin stripes compete 
with superconductivity. Pressure is a convenient way to change the structure at 
constant chemical composition, and it is clear from our results that supercon-
ductivity is strongly enhanced by suppressing the structural phase transitions in 
La1.48Nd0.4Sr0.12CuO4. This observation suggests that the static charge and spin 
order is also eliminated by pressure. However, recent scanning tunneling micro-
scope studies of other tetragonal cuprates in which the copper-oxygen planes are 
flat, as they are in the HTT structure of La1.48Nd0.4Sr0.12CuO4, have shown the pres-
ence of two-dimensional charge order. One way to reconcile these observations 
is to assume that the charge and spin order are one-dimensional in the LTT and 
LTO2 structures, but become two-dimensional in the HTT and LTO1 structures, 
with the latter situation more favorable toward superconductivity. This scenario 
would be consistent with the accumulating evidence for both one-dimensional and 
two-dimensional charge and spin order in the cuprates. Our results explicitly illus-
trate the impact of subtle changes of crystal structure upon superconductivity, and 
by implication upon charge and spin order, in these fascinating materials.

Figure 3. (Top) Pressure-temperature 
phase diagram for La1.48Nd0.4Sr0.12CuO4 
determined by high-pressure x-
ray powder diffraction. (Bottom) 
Superconducting transition temperature 
(Tc) versus pressure (P) for 
La1.48Nd0.4Sr0.12CuO4. In both frames the 
LTT phase region is shown in red, the 
LTO2 region in green, the LTO1 region 
in dark blue, and the HTT region in light 
blue.

Figure 1. (Top) The crystal structure 
of La2CuO4, showing the two-
dimensional layers of corner-sharing 
CuO6 octahedra (blue), the oxygen 
atoms (light red), and the La atoms 
(dark red). (Bottom) A schematic 
view of a single CuO6 octahedron 
illustrating the relative orientations 
of the (110) and (1-10) axes of 
the HTT structure, for which Q1 
= Q2 = 0. The LTO1 structure is 
obtained by a single rotation of 
magnitude Q1 or Q2 about either 
of these axes (yielding one of the 
two orthorhombic twin structures). 
The LTO2 structure is obtained by 
rotations of magnitude Q1 and Q2 
about both axes (where Q1 ≠ Q2). 
The LTT structure has rotations of 
equal magnitude about both axes, 
Q1 = Q2 ≠ 0.

Figure 2. The x-ray powder diffraction patterns 
and results of General Structure Analysis 
Structure refinements for La1.48Nd0.4Sr0.12CuO4 
at pressures of 4.2 GPa (top frame) or 2.2 GPa 
(bottom frame), at a temperature of 10 K. In the 
upper trace for each frame the crosses are the 
data, and the solid line is the calculated pattern; 
the lowest trace is the residual. The vertical tick 
marks are located at the positions of (top) NaCl 
included in the diamond anvil cell as an internal 
manometer, (middle) Fe due to the diamond anvil 
cell gasket, and (bottom) La1.48Nd0.4Sr0.12CuO4.
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Arsenic Leachability in Water-Treatment Adsorbents
C. Jing1, S. Liu1, M. Patel1,2, and X. Meng1

1Center for Environmental Systems, Stevens Institute of Technology; 2New Jersey Department of Environmental 
Protection

At NSLS beamline X19A, we used extended x-ray absorption fine structure 
(EXAFS) spectroscopy and leaching tests to investigate arsenic (As) leach-
ability in spent water-treatment adsorbents. The EXAFS results indicate that 
arsenic forms inner-sphere bidentate binuclear surface complexes on the 
adsorbents, which include granular ferric hydroxide, granular ferric oxide, 
titanium dioxide, activated alumina, and modified activated alumina. This study 
improved the understanding of arsenic bonding structures on adsorptive media 
surfaces and As leaching behavior for different adsorbents.

The U.S. Environmental Protection Agency (EPA) has adopted an arsenic 
maximum contaminant level (MCL) of 10 µg/L, which will be enforceable as of 
January 23, 2006. This more stringent arsenic drinking water standard re-
quires the installation of new water-treatment systems and the upgrading of 
existing ones. Filtering arsenic in water using adsorbents is especially suitable 
for small community systems and individual homes because the filters do not 
require much effort to operate. Recently, more effective adsorbent media have 
been developed and used for arsenic removal. As a result of the enhanced 
removal efficiency, large amounts of spent media with elevated arsenic content 
will be generated. Accurately determining the leachability of arsenic in this 
waste is crucial for both economic concerns and the evaluation of environmen-
tal impacts.

In this study, EXAFS spectroscopy at NSLS beamline X19A was employed 
to determine the arsenic local coordination environment of spent adsorbent 
media. Spent adsorbents were collected from five pilot-scale filters that were 
tested for their ability to remove arsenic from groundwater in New Jersey. The 
spent media included granular ferric hydroxide (GFH), granular ferric oxide 
(GFO), titanium dioxide (TiO2), activated alumina (AA), and modified activated 
alumina (MAA).

The As leachability, determined with the Toxicity Characteristic Leaching 
Procedure (TCLP), was below 180 µg/L for all spent media. The leachate As 
concentration in the California Waste Extraction Test (WET) was more than 
10 times higher than that in the TCLP, and reached as high as 6650 µg/L in 
the spent GFH sample. The EXAFS analysis shows that the first and stron-
gest peak in the Fourier transform (FT) curve was contributed by four oxy-
gen atoms at an average As-O distance of 1.69 Å for all five media samples 
(Figure 1). The constant As-O interatomic distance was independent of the 
media to which the As(V) was adsorbed. The second shell atom (distance) 
was Fe (3.32 Å), Fe (3.28 Å), Ti (3.27 Å), Al (3.14 Å), and Al (3.13 Å) for GFO, 
GFH, TiO2, AA, and MAA, respectively. The EXAFS results show that arsenic 
formed bidentate binuclear inner-sphere complexes on the surfaces of these 
five spent adsorbents. This stable structure can be used to explain the high 
affinity of arsenic for the adsorbent surfaces. The difference in the leachate As 
concentrations determined with WET and TCLP could be attributed to differ-
ent acids used in the leaching solutions. An aggressive chelating agent, such 
as the citric acid used in the WET process, could form soluble complexes with 
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Figure 1. The observed (dotted line) 
and model calculated (solid line) As 
K-edge FT EXAFS spectra resulting 
in a radial distance structure for the 
spent media. The peak positions are 
uncorrected for phase shift. Arsenic 
formed binuclear bidentate surface 
complexes on the media surface.
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the adsorbent and release the arsenic. This is especially important for the GFH, 
which failed in the WET. A moderate organic acid, such as the acetic acid used 
in the TCLP, could only extract arsenic at a low concentration, less than 180 µg 
L-1. However, this kind of organic acid is a relatively stable degradation product 
of organic matter and is widely available in landfill leachate. Thus, the co-dis-
posal of arsenic containing wastes with municipal solid waste (MSW) may have 
a potential risk of arsenic re-contamination.

The correlation of the percentage of As leached with the percentage of the 
adsorbent dissolved for the media is shown in Figure 2. The amount of As re-
leased was positively related to the amount of adsorbent dissolved in the leach-
ate, which suggests that adsorbent dissolution may be the main mechanism of 
enhanced As release in the WET.

Figure 2. Correlation of percentage 
As leached and adsorbent 
dissolution in GFH (♦, ◊), GFO (●, 
○), AA (■, □), and MAA (▲, ∆) for 
the WET (close) and TCLP (open), 
respectively. The solid line is the 
regression and the dashed lines are 
99% confidence limits.
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Mechanisms of Strontium and Uranium Removal from 
Radioactive Waste Simulant Solutions by the Sorbent 
Monosodium Titanate
M.C. Duff1, D.B. Hunter1, D.T. Hobbs1, S.D. Fink1, Z. Dai2, and J.P. Bradley2

1Savannah River National Laboratory; 2Lawrence Livermore National Laboratory

High-Level Radioactive Waste (HLW) is the priority problem for the U.S. 
Department of Energy’s Environmental Management Program. Current HLW 
treatment processes at the Savannah River Site (Aiken, SC) include the use of 
monosodium titanate (MST, similar to NaTi2O5

.xH2O) to concentrate radioactive 
strontium (Sr) and actinides. Mechanistic information about radionuclide up-
take will provide us with insight into the reliability of MST treatments. We char-
acterized the morphology of MST and the chemistry of sorbed Sr2+ and ura-
nium [U(VI)] on MST with x-ray based spectroscopic and electron microscopic 
techniques. Sorbed Sr2+ exhibited specific adsorption as partially-hydrated 
species, whereas sorbed U exhibited site-specific adsorption as monomeric 
and dimeric U(VI)-carbonate complexes. These differences in site specificity 
and mechanism may account for the difficulties associated with predicting MST 
loading and removal kinetics.

High-Level Waste (HLW) is the radioactive waste associated with the dissolu-
tion of spent nuclear fuel rods for the recovery of weapons-grade material. At 
the Savannah River Site (SRS) nearly 130 million liters of HLW await disposal. 
This waste is highly alkaline and rich in Na+, NO3

-, and NO2
-. Waste treatment 

involves concentrating the radionuclides (which consists of mainly 90Sr and the 
actinides, such as uranium, plutonium, and neptunium) from the waste, and 
then vitrifying the waste concentrate. Titanate solids, such as monosodium ti-
tanate (MST), are chemically stable in high pH solutions, making MST an ideal 
candidate material for waste treatment.  
 
Our x-ray diffraction studies with MST indicate it is highly amorphous, and 
scanning electron microscopy reveals that it contains spherical (snowball-like) 
particles with a typical size range of 5 to 12 µm. Our high-resolution transmis-
sion electron microscopy analyses indicate that MST has two prominent mor-
phological populations of titanate material, the first being a very fine fibrous 
nanocrystalline surficial material, and the second being an amorphous glass-
like material (data not shown).

We conducted synchrotron-based x-ray absorption fine structure (XAFS) 
analyses with Sr- and U-loaded MST that was made by exposing a MST sus-
pension to dissolved Sr and U(VI) (individually) in a HLW simulant solution. 
Our findings indicate that the sorbed Sr2+ and UO2

2+ (the uranyl ion) exhibit 
inner sphere (specific adsorption) sorption behavior with the MST, as opposed 
to other mechanistic behaviors, such as precipitation, outer sphere adsorption, 
or structural incorporation with the amorphous MST material (see generalized 
mechanisms delineated in Figure 1A-D).  

Our chi XAFS data for the Sr- and U-loaded MST are shown in Figures 2A 
and 2B. The XAFS analyses indicate that the local environment of Sr2+ on 
the MST is partially hydrated (for example, see the spectral comparison with 
dissolved SrCl2(s) in Figure 2A). However, the XAFS data for the outer shells 
of the added Sr2+ indicate that titanium (Ti) atoms are present at two radial dis-
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tances. We conclude that the Sr2+ is sorbed as a partially hydrated species that 
is specifically adsorbed on the MST surface — indicating that specific adsorption 
is the likely Sr uptake mechanism (as described in Figure 1C).

Model fits of the U XAFS data indicate that the sorbed U(VI) has an outer shell 
environment that is consistent with specifically adsorbed U(VI) carbonato spe-
cies. The data also indicate that at low U(VI) surface loadings, there is specific 
adsorption of monomeric U(VI) carbonato species at the MST surface (as shown 
in Figure 3A). At high U(VI) surface loadings, however, there is dimerization of 
sorbed U(VI) carbonato species at the MST surface (as shown in Figure 3B).  

These studies that characterized the uptake of U and Sr on MST show that there 
is a strong interaction between MST and the target solution species. This study 
improves our understanding of this highly amorphous MST material.

Figure 1. Mechanisms by which 
metals can interact with a solids 
shown relative to the type of 
information that can be obtained 
with XAFS (such as local structural 
atom identification, radial distances, 
and coordination number). (A) 
Structural incorporation with MST, 
where the addition of the metal 
to the MST-containing solution 
facilitates precipitation and uptake 
of metals. In this example, the 
structural environment appears 
much like the bulk material 
that is crystallizing. (B) Outer 
sphere sorption, where the local 
environment of the sorbed species 
resembles that of a truly hydrated 
metal species. (C) Inner sphere 
sorption of the added metal by MST, 
where a large amount of Ti would 
be visible in the XAFS data. This is 
in contrast to outer sphere sorption, 
where no Ti would exist in the outer 
shell of the Sr or U XAFS data. 
(D) Precipitation/polymerization of 
added metal at or away from the 
MST surface, where little Ti (from 
the MST) is observed relative to the 
outer shell metals that was present 
in the XAFS data.

Figure 2. Chi data for (A) Sr (K edge) 
in the Sr-loaded MST samples and 
(B) for U (L3 edge) in the U(VI)-loaded 
MST samples.

Figure 3. Atom scale pictorial representations of sorbed U(VI) 
carbonato species on MST at (A) low and (B) high U loadings.

Structural Incorporation

Outer Sphere Sorption/
Ion Exchange/
Electrostatic Sorption

Inner Sphere Sorption/Specific
Absorption/Chemisorption

Surface Precipitation/Polymerization

Blue circles denote 
coordination shells. 
Surface shown not 
representative of MST.

Legend

(A)

(B)

(C)

(D)

(B)

(A)

κ(Å-1)

κ (Å-1)

χ(
κ)

*κ
3

χ(
κ)

*κ
3

(A)

(B)

At low U loadings, inner sphere 
sorption with bidentate, monomeric 

U(VI)-hydroxo and carbonato species
--on two types of distorted TiO6 

octahedra

At higher loadings, dimerization of U occurs 
inner sphere sorption as U(VI)-hydroxo and 

U(VI)-carbonato species distorted TiO6 
octahedra



2-50 Geology and Environmental Science Science Highlights      2-51 

BEAMLINE X11A

Funding
Swiss Federal Institute of Technology 
Research Grant

Publication
A. Voegelin and R. Kretzschmar, "Forma-
tion and Dissolution of Single and Mixed 
Zn and Ni Precipitates in Soil: Evidence 
from Column Experiments and Extended 
X-ray Absorption Fine Structure Spec-
troscopy," Environ. Sci. and Tech., 39, 
5311-5318 (2005).

For More Information
Andreas Voegelin, Soil Chemistry Group, 
Department of Environmental Sciences, 
Swiss Federal Insitute of Technology 
(ETH) Zurich, Switzerland

Email: voegelin@env.ethz.ch

Ruben Kretzschmar, Professor of Soil 
Chemistry, Department of Environmental 
Sciences, Swiss Federal Insitute of Tech-
nology (ETH) Zurich, Switzerland

Email: kretzschmar@env.ethz.ch

Immobilization Processes in Soils Contaminated with 
Several Heavy Metals
A. Voegelin and R. Kretzschmar

Department of Environmental Sciences, Swiss Federal Institute of Technology, Zurich, Switzerland

Contaminated soils are often polluted with a mixture of heavy metals. Little is 
currently known about the effects of these cocktails on the immobilizing role 
of heavy-metal precipitates in contaminated soils. For the case of Zn-Ni, we 
found that more Zn than Ni was retained in a soil leached with heavy-metal 
containing solutions and that the amounts did not vary whether the metals 
were present alone or together. Synchrotron spectroscopy showed that Zn and 
Ni formed individual precipitates when present alone and a single mixed pre-
cipitate when present together. This mixed precipitate dissolves much faster 
than the pure Ni precipitate, indicating a mobilizing effect of Zn on Ni in the 
case of a combined contamination. Our results demonstrate that the interac-
tions of different metals need to be considered when assessing the relevance 
of heavy-metal precipitation reactions in contaminated soils.

Contamination of soils with heavy metals can cause a reduction in crop yield 
or a contamination of underlying groundwater. The formation of heavy-metal 
bearing minerals in soils may attenuate those adverse effects and has been 
therefore extensively studied in recent years. However, soils are often con-
taminated by several heavy metals and little is still known about the effects 
to be expected in such cases. We therefore systematically investigated the 
formation and dissolution of nickel (Ni) and zinc (Zn) precipitates in soil in the 
presence of only one or both of these metals. Heavy-metal precipitates in soils 
are weakly crystalline and occur at low concentrations. Synchrotron-based x-
ray absorption spectroscopy is a unique method for obtaining direct molecular-
scale information on the binding of metals in those systems. Taking advantage 
of these possibilities, we employed a combined approach of controlled labo-
ratory column studies and extended x-ray absorption fine structure (EXAFS) 
spectroscopy to investigate the interaction of Ni with Zn in a natural soil.

A neutral soil was packed into a chromatographic column and leached over a 
long period of time with solutions containing low concentrations of Zn and/or 
Ni that are realistic for actual environmental systems. We found that about 
twice as much Zn than Ni was retained in the soil when reacted with either Zn 
or Ni. Interestingly, the same amounts of Zn and Ni were retained in the soil 
when present together in solution. While this finding might suggest that Zn and 
Ni acted independently, a different picture was obtained from EXAFS spectros-
copy.

Figure 1 shows (A) EXAFS spectra of the reacted soil samples, (B) their Fou-
rier transforms, and (C) the structure of a layered double hydroxide (LDH) type 
phase (see also caption). Following a fingerprinting approach, i.e. comparing 
the experimental spectra (A) to those of known reference minerals, we con-
cluded that Ni and Zn were incorporated into LDH-type minerals in all studied 
cases. Considering the mixed-metal experiment, the question to be answered 
by EXAFS spectroscopy was whether Zn and Ni would precipitate into a mixed 
ZnNi-LDH or form individual precipitates as in the single-metal experiments. 
We therefore analyzed the Fourier transforms of the EXAFS spectra (see 
panel B), in which peaks at an increasing distance from the central atom of 
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interest (Ni or Zn) correspond to different shells of neighboring atoms. While the 
first peak results from the six oxygens of the hydroxyl groups surrounding Zn 
or Ni in the octahedra, the second peak results from the next nearest Zn or Ni 
neighbors in the octahedral sheet (see panel C). For the experiments with either 
Zn or Ni, we find that the distance between neighboring Zn atoms is significantly 
larger than between neighboring Ni atoms, due to the larger ionic radius of Zn2+ 
than Ni2+. In the mixed-metal experiment, we would find the same distance if 
the metals had precipitated into individual phases. However, the analysis of the 
Fourier transforms of the mixed-metal sample clearly shows that the distances 
for Zn and Ni converge. Zn and Ni therefore seem to have precipitated into a 
single mixed ZnNi-LDH.

Formation of such a mixed NiZn-LDH has a significant impact on the immobiliza-
tion of Ni or Zn in soil. Leaching the metal-enriched soils with acidified water at 
pH 3.0, we found that the Zn-LDH dissolved much more rapidly (within minutes) 
than the Ni-LDH (within days). The mixed NiZn-LDH in the mixed-metal system 
dissolved almost as fast as the pure Zn-LDH, and considerably faster than the 
pure Ni-LDH. Thus, the presence of Ni only had a minimal immobilizing effect on 
Zn, while the presence of Zn in turn led to the incorporation of Ni in a substan-
tially less acid-resistant phase.

Our results show that heavy metals present in mixtures may behave significantly 
different than if present alone. Further research on this issue is warranted to 
improve our understanding of heavy metals in contaminated environmental 
systems. While sorption and extraction studies provide macroscopic information 
on the interactions of different types of heavy metals in soils, synchrotron-based 
spectroscopy is required to obtain complementary molecular-scale information 
on the effective reaction mechanisms.

Figure 1. (A) EXAFS spectra of a) 
Ni in soil reacted with Ni, b) Zn in 
soil reacted with Zn, c) Ni and d) 
Zn in soil reacted with Ni and Zn. 
(B) Fourier transforms of EXAFS 
spectra shown in the left panel, 
indicating the position of different 
atomic shells around the central 
atom. (C) Structure of layered 
double hydroxide (LDH), which is 
composed of divalent (Zn or Ni) and 
trivalent (Al) cations (double) that 
are coordinated by six OH groups 
(hydroxide), forming octahedral 
sheets in a layered arrangement.
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NaMgF
3
 Perovskite Under Pressure: Octahedral Tilt-

ing Evolution and Phase Transition
H. Liu1, J. Chen2, J. Hu1, C.D. Martin2, D.J. Weidner2, D. Häusermann1, H.-k. Mao1
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A high-pressure test of an analog for a common deep-Earth mineral may allow 
researchers to estimate the physical properties of materials in the planet's 
lower mantle. We induced pressures greater than 16 gigapascals (GPa), more 
than 160,000 times the normal atmospheric pressure on the Earth's surface, 
on a perovskite material with a similar makeup as the ubiquitous deep-mantle 
perovskite MgSiO3 and analyzed the change in its physical makeup under the 
stress. We observed slight changes to its chemical bonds beginning at 6 GPa 
and a compression that destroyed the perovskite crystal structure at pressures 
approaching 20 GPa. 

Geophysical interest in the perovskite family of materials dates from the 
1960s when geologist A.E. Ringwood proposed that the Earth’s lower mantle 
is dominated by iron-bearing MgSiO3 perovskite. A fundamental understanding 
of the behavior of selected representatives of the perovskite family of struc-
tures to high-pressure/high-temperature conditions is valuable for establishing 
possible behaviors of this family in general. We have chosen to study NaMgF3 
perovskite (neighborite) as it has gained significant attention as an analogue 
material of MgSiO3 perovskite since O'Keeffe et al pointed out their struc-
tural similarity in 1970s. Neighborite is isoelectronic with MgSiO3, and they 
are isostructural, possessing the same type of distortion from the ideal cubic 
perovskite structure to crystallize in space group Pbnm.
 
We used a diamond anvil cell high-pressure device and synchrotron x-ray 
micro-diffraction to in situ study the crystalline change of the sample under 
high-pressure conditions. A series of experiments were carried out using vari-
ous pressure-transmitting media, the focusing beam size and grain size of the 
sample (at NSLS beamline X17C and the High Pressure Collaborative Access 
Team facility at the Advanced Photon Source) to optimize the quality of our dif-
fraction data. The structural evolution of NaMgF3 under high pressure, there-
fore, could be analyzed from the Rietveld refinement of the high-quality x-ray 
diffraction patterns. The atomic positions could be obtained under high pres-
sure; for example, Figure 1 demonstrates the crystalline structure of neigh-
borite under 10.1 GPa when helium was used as the pressure medium.

The centrosymmetrically distorted orthorhombic perovskite with space group 
Pbnm is distorted by two independent octahedral tilting angles θ and φ, where 
θ is an anti-phase tilt and φ is an in-phase tilt. It can also be conceived as the 
tilting Φ about the threefold <111>pc axes of the regular octahedra (see Figure 
2 insert). The octahedral tilting of the NaMgF3 perovskite could be quantita-
tively derived from the cell parameters (macro-approach) as well as from the 
positional parameters of atoms (micro-approach), as shown in Figure 2. The 
overall trends of the octahedral tilting angles, i.e. increasing with increasing 
pressure, are similar for both the macro and micro approaches. The volumetric 
compression was dominated by the shortening of the octahedral Mg-F bond at 
the beginning of compression below 6 GPa. In the 6-12 GPa pressure range, 
the contribution from the octahedral tilting matches that of the bond length 
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Figure 2. Pressure evolution of the 
octahedral tilting angles of NaMgF3 
perovskite as derived from lattice 
parameters (macro-approach), and 
atomic positions (micro-approach) 
plotted as solid and open symbols, 
respectively. Insertion shows the 
octahedral tilting angles referred to 
an ideal cubic Pmm perovskite.

Figure 1. The crystalline structure 
of NaMgF3 under pressure of 
10.1GPa, was featured on the cover 
of Geophysical Research Letters.
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compression. This is followed by an increasing contribution from the octahedral 
tilting above 12 GPa.

The octahedral tilting, increasing with pressure, finally destroys the perovskite 
structure. An experiment was carried out using silicone oil as the pressure medi-
um, which could generate more shear stress to accelerate the phase transition. 
We observed a phase transition at about 19.4 GPa, and the patterns above this 
pressure can no longer be indexed by the Pbnm perovskite structure, but can 
be indexed with the layering-type post-perovskite structural model with space 
group Cmcm. This distinct material created under these extremely high-pressure 
conditions should be further studied to establish its properties. Such research 
could help scientists better understand the mechanisms of perovskite, including 
the temperatures and pressures required for it to stabilize near the Earth's core.
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Methylmercury Binding Sites in Humic Substances: 
An X-ray Absorption Study
S.-j. Yoon1, L.M. Diener1, P.R. Bloom2, E.A. Nater2, and W.F. Bleam1

1Department of Soil Science, University of Wisconsin; 2Department of Soil, Water, and Climate, University of 
Minnesota

Methylmercury, a highly toxic and bioaccumulative form of mercury, is known 
to have a strong affinity for binding to organic matter in soil, sedimentary, and 
aquatic environments. The objective of our study was to determine the domi-
nant ligands that bind to the methylmercury cation (CH3Hg+) in humic acids 
(complex organic compound mixtures) by evaluating several CH3Hg+-ligand 
complexation models. Mercury LIII-edge extended x-ray absorption fine struc-
ture (EXAFS) results show that CH3Hg+ preferentially binds to thiol ligands 
(-SH), also known as sulfhydryl. After saturating reactive thiol ligands, the 
remaining CH3Hg+ binds to carboxyl ligands rather than to amine or reduced-
sulfur ligands other than thiol.

In organisms, such as fish, the dominant form of accumulated mercury is the 
organometallic methylmercury cation CH3Hg+, rather than the inorganic cation 
Hg2+. Scientists have reported that the biotic and abiotic methylation of inor-
ganic mercury is affected by natural organic matter. Humic substances, for 
example, either stimulate mercury methylation, acting as methyl donors for 
Hg2+, or suppress it by forming complexes with Hg2+. Examining the nature of 
organic and inorganic mercury complexes with natural organic matter is impor-
tant for understanding the biogeochemical cycle of mercury as well as the fate 
of mercury in the environment.

Both Hg2+ and CH3Hg+ have strong affinities for organic matter in terrestrial 
and aquatic environments, with CH3Hg+ having a lower affinity than Hg2+. The 
principle of hard and soft acids and bases (the HSAB principle) predicts the 
strong affinity of reduced-sulfur ligands for Hg2+ and CH3Hg+. Previous mercury 
LIII-edge extended x-ray absorption fine structure (EXAFS) studies show that 
humic sulfur ligands bind both Hg2+ and CH3Hg+. Scientists, however, have re-
ported that only a small fraction of reduced sulfur in humic substances binds to 
CH3Hg+, with oxygen or nitrogen binding to the remaining CH3Hg+. They specu-
lated that CH3Hg+-binding sulfur ligands were, most likely, thiol and possibly 
sulfide, disulfide, and hydrogen disulfide groups. In this study, we determined 
the major CH3Hg+-binding humic ligands using mercury LIII-edge EXAFS. Our 
spectra were obtained at NSLS beamlines X11A and X10C.

We examined several CH3Hg+-ligand models as potential CH3Hg+-binding 
structures in humic acids: thiol (-SH), sulfide (-S-), disulfide (-SS-), hydrogen 
polysulfide (-SSH or -SSSH), carboxyl (-COOH), and amine (-NH2). We exam-
ined carboxyl and amine ligands, although they are hard Lewis ligands, be-
cause CH3Hg+-amine complexes exhibit relatively high complexation constants, 
and carboxyl is the most abundant ligand in humic acids.

We equilibrated two different humic-acid solutions (soil and aquatic) at 
CH3Hg+-to-reduced-sulfur ratios ranging from 0.3 to 1.5, quantifying the re-
duced-sulfur (e.g., thiol, sulfide, and hydrogen polysulfide) content using sulfur 
K-edge x-ray absorption near edge structure (XANES) spectroscopy at beam-
line X19A.
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Figure 2. Experimental (solid 
lines) and least-squares fitted 
(dotted lines) Hg LIII-edge EXAFS 
of CH3Hg+-humic carboxyl complex 
(soil humic acid; CH3Hg+ to reduced 
sulfur ratio, 1.3, pH 4): (a) radial 
structure function and (b) EXAFS 
scattering curves (full scattering 
curve and Fourier-filtered scattering 
curves of peak A2 and scattering 
region B2).

Figure 1. Experimental (solid 
lines) and least-squares fitted 
(dotted lines) Hg LIII-edge EXAFS 
of CH3Hg+-humic thiol complex 
(aquatic humic acid; CH3Hg+ to 
reduced sulfur ratio, 0.3, pH 5): 
(a) radial structure function and 
(b) EXAFS scattering curves (full 
scattering curve and Fourier-filtered 
scattering curves of peak A1 and 
peak B1). 
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Our results show that thiol is the dominant CH3Hg+ complexing ligand among 
the reduced sulfur ligands (Figure 1). We did not observe EXAFS evidence of 
CH3Hg+ complexation to sulfide, disulfide, or hydrogen disulfide ligands in any 
of our samples. CH3Hg+ complexation by carboxyl ligands (Figure 2) becomes 
significant after CH3Hg+ saturates the available thiol ligands. Carboxyl ligands, 
rather than amine, eclipse thiol ligands as the CH3Hg+-to-reduced-sulfur ratio 
approaches and then exceeds 1. We also found evidence for proximately coordi-
nated heavy atoms in a sample where the CH3Hg+-to-reduced-sulfur ratio slightly 
exceeded 1. The heavy-atom backscattering behavior agrees the best with that 
of mercury or, possibly, other atoms with similar atomic numbers.
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Disulfide Trapped Structure of a Repair Enzyme Inter-
rogating Undamaged DNA Sheds Light on Damaged 
DNA Recognition
A. Banerjee1, W. Yang1, M. Karplus1,3, and G.L. Verdine1,2

1Departments of Chemistry and Chemical Biology and 2Molecular and Cellular Biology, Harvard University; 
3L’Institut de Science et d’Ingénierie Supramoléculaires (ISIS), Université Louis Pasteur, France

The integrity of the genome is constantly threatened in living cells by sponta-
neous alterations in the chemical structure of DNA that are caused by endog-
enous and exogenous agents. DNA repair pathways counteract these modi-
fications and restore DNA to its undamaged state. Enzymes known as DNA gly-
cosylases initiate the process, called base excision repair (BER), by locating a 
damaged nucleobase in the genome and then excising it from double-stranded 
(duplex) DNA. But how DNA glycosylases discriminate between very few dam-
age sites amongst a huge amount of normal DNA is not well understood. We 
have used an efficient trapping strategy to capture a human repair protein, 
called 8-oxoguanine DNA glycosylase I (hOGG1), in the act of interrogat-
ing normal DNA for damage. By combining the structures of the protein-DNA 
complexes with free-energy calculations, we have gained novel insights into 
the mechanism by which hOGG1 is able to discriminate between normal and 
damaged DNA, and is able to prevent aberrant cleavage of normal DNA.

In humans, the DNA glycosylase hOGG1 is responsible for recognizing and remov-
ing 8-oxoguanine (oxoG), which is an oxidized form of the DNA base guanine 
(G) (Figure 1c). In general, DNA glycosylases bind at the site of the damaged 
base (lesion base), bend the duplex DNA considerably, and flip the lesion out in 
an active site pocket so that excision may occur (Figure 2, left). To understand 
how hOGG1 discriminates between the substrate oxoG and its normal counter-
part G, which differ by only two atoms, it is imperative to obtain a three-dimen-
sional structure of hOGG1 bound to undamaged DNA and compare it with existing 
oxoG-bound structures. The challenge lies in obtaining a homogeneous complex 
of hOGG1 with undamaged DNA in solution in the absence of a damaged base in 
the DNA to fix the “binding register.” This problem was solved using the “disulfide 
crosslinking” technique (Figure 3a) that we have developed, which stabilizes pro-
tein-DNA complexes that would otherwise be transient. We use existing structural 
and/or biochemical data to decipher sites in which the protein and the DNA are in 
close proximity. The residue on the protein is then mutated to the amino acid cyste-
ine and a disulfide-bearing tether is introduced on the DNA.

In the case of hOGG1, we reasoned that if the normal base G is extruded from 
the DNA helix — even transiently — we should be able to implant a disulfide bond 
between a tether emanating from G’s partner base, cytosine (also called estranged 
C), and Asn149 (the amino acid asparagine, which is mutated to cysteine). Asn149 
is one of the residues involved in recognizing the estranged C when the duplex 
DNA is invaded by hOGG1 in the complex with oxoG-containing DNA (Figure 
3b,c).

The structure of the crosslinked complex of hOGG1 with undamaged DNA con-
taining a G (G-complex) (Figure 2, right) resembled the structure of hOGG1 with 
oxoG-containing DNA (oxoG-complex) (Figure 2, left) that was solved earlier in 
our lab. However, the G residue, in spite of being extruded from duplex DNA, is 
rejected from entering the active site and lies at an alternative extrahelical site 
(exo-site). This explains how hOGG1 is able to scan long lengths of DNA without 
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accidentally excising normal bases. A superposition of the DNA molecules in the two 
structures reveals that large rotations about three backbone bonds in the DNA are 
enough to shift the G from the exo-site into the active site, leading us to propose 
that the G-complex is probably analogous to a late-stage intermediate in the base-
extrusion pathway of oxoG. Contacts between the phosphate backbone of the DNA 
and the protein are almost identical on the 3’ side of the oxoG/G. On the 5’ side, 
however, the sole DNA contact (mediated by histidine, His270) is dislodged in the G-
complex, leading to an over-twisted and considerably different conformation of the 
DNA on that side (Figure 1a).

Free-energy calculations using the G-complex and the oxoG-complex of hOGG1 
help reveal how hOGG1 discriminates between oxoG and G. Computational work in-
dicates that Lys249 (lysine), which participates in the excision reaction, forms a salt 
bridge with a conserved cysteine residue at the active site. Further analysis shows, 
quite unexpectedly, that the favorable electrostatic interaction of the salt-bridge di-
pole with oxoG and the unfavorable interaction with G (Figure 1b) is a major factor 
contributing to hOGG1’s discrimination between G and oxoG. Although G is denied 
entry into the active site, computational data suggested that analogs of G (with a 
C-H replacing a nitrogen atom, N7) should be stabilized in the active site. We solved 
the structures of hOGG1 crosslinked to DNA containing analogs of guanine (Figure 
1c). Indeed, the analogs were inserted into the active site at exactly the same place 
as oxoG.

Figure 1. (a) Superposition of the 
oxoG-complex with the G-complex 
in the region around the protein/
DNA interface. The overlay uses 
the protein backbone only (gray) 
for superposition, with the DNA 
backbone of the oxoG-complex 
in green and the G-complex in 
gold. Spheres are Ca2+ ions. The 
residues that interact with DNA 
through the backbone amid nitrogen 
atoms are denoted in magenta, 
and those that interact through 
side-chains are shown in black. 
Dotted lines are hydrogen bonds. 
(b) The electrostatic potential 
difference (from computational data) 
between oxoG and G. Regions 
of positive charge are in blue 
and negative regions are in red. 
Dipoles are in cyan, with Mülliken 
charges indicated. (c) A structural 
representation of the expected 
interactions between the main-chain 
carbonyl Gly42 and nucleobases 
examined in this study. Whereas 
oxoG is known to hydrogen-
bond with Gly42, the lone pair of 
electrons on G produces a repulsive 
interaction with the lone pairs on 
Gly42. 7-deazaG and 7-deaza-8-
aza-G are analogs of G.

Figure 2. A comparison of the 
overall structures of the trapped 
complexes obtained with oxoG-
containing (top) or G-containing 
(bottom) DNA. Both protein 
and DNA are represented as 
backbone ribbon traces, with the 
protein in cyan and the DNA in 
gold. The estranged C (magenta) 
and oxoG or G (red) are rendered 
in ball-and-stick representations. 
Note that oxoG is bound in the 
lesion-recognition pocket, while 
the G is bound at the alternative 
extrahelical site.

Figure 3. An overview of the strategy for obtaining 
a complex with G-containing DNA. (a) Based on the 
structure of the recognition complex, crosslinking sites 
are chosen first. The crosslinking strategy is validated 
by inspecting the structure of the crosslinked complex 
with oxoG-containing DNA and ensuring the absence 
of crosslinking-induced structural perturbations. 
Finally, oxoG in the DNA is replaced by G to obtain 
a crosslinked complex. (b) Details of the crosslinking 
strategy used in this case. The Asn149 contact with the 
estranged C was replaced with a disulfide crosslink by 
introducing a Cys149 point mutation and synthetically 
modifying DNA by introducing a tether with a disulfide 
linkage on the exocyclic amine. Note that introducing 
the tether does not perturb the Watson-Crick edge of 
the C as evident from existing structural information 
on similarly tethered DNA duplex. (c) The sequence 
of the DNA duplex. The crosslinking site is on the 
complementary strand of the oxoG/G-containing strand.
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Structural and Biochemical Studies Identify SABP2 as 
a Methylsalicylate Esterase and Further Implicate it in 
Plant Innate Immunity
F. Forouhar 1, Y. Yang 2, D. Kumar 3, Y. Chen 1, E. Fridman 2, S.W. Park 3, Y. Chiang 4, T.B. Acton 4, 
G.T. Montelione 4, E. Pichersky 2, D.F. Klessig 3, and L. Tong 1 
1Department of Biological Sciences, Northeast Structural Genomics Consortium, Columbia University; 2Depart-
ment of Molecular, Cellular, and Developmental Biology, University of Michigan; 3Boyce Thompson Institute 
for Plant Research; 4Center for Advanced Biotechnology and Medicine, Department of Molecular Biology and 
Biochemistry, Northeast Structural Genomics Consortium, Rutgers University, and Department of Biochemistry, 
Robert Wood Johnson Medical School 

Salicylic acid (SA) is a critical signaling compound for the activation of plant 
defense responses against pathogen infections. SA binding protein 2 (SABP2) 
displays a high binding affinity for SA and plays a crucial role in the activa-
tion of systemic acquired resistance (SAR) — the triggering of defenses in 
uninfected parts of the plant — to pathogens. As a project of the Northeast 
Structural Genomics Consortium, we have determined the crystal structures 
of SABP2, alone and in complex with SA. SA is bound in the active site and 
is completely shielded from the solvent. Our biochemical studies reveal, for 
the first time, that SABP2 has strong esterase activity with methylsalicylate 
(MeSA) as the substrate, and that SA is a potent product-inhibitor of this ca-
talysis. Our results suggest that SABP2 may be required to convert MeSA to 
SA as part of the signal transduction pathways that activate SAR.

Salicylic acid (SA) is a critical signaling compound for the activation of plant 
defense responses both at the site of infection and, systemically, in distal tis-
sues such as leaves. For example, plants that are SA deficient fail to develop 
systemic acquired resistance (SAR) (the activation of defenses in uninfected 
parts of the plant), do not express pathogenesis-related (PR) genes in the 
uninoculated leaves, and display an enhanced susceptibility to pathogens. We 
recently identified and characterized a high-affinity SA-binding protein (SABP), 
termed SABP2, from tobacco. Silencing SABP2 expression via RNA interfer-
ence suppresses the plant’s local resistance to Tobacco Mosaic Virus and SA-
induced PR-1 gene expression, and blocks the development of SAR.

To understand the biochemical and biological functions of SABP2, we have 
determined its structure in the absence and presence of SA at up to 2.1 Å 
resolution. The active site of SABP2 is located at the interface between the 
“core” and the “cap” domains of the enzyme, with the “catalytic triad” of amino 
acids — Ser81, His238, and Asp210 (Figure 1A). SA is bound in the active 
site, where it is completely shielded from the solvent and shows intimate polar 
and van der Waals contacts with the enzyme (Figure 1B). This provides a mo-
lecular explanation for the high affinity of SABP2 for SA.

We next demonstrated that SABP2 has esterase activity with methylsalicy-
late (MeSA), a methyl ester of SA, as the substrate (Figure 2A) and that SA 
is a potent product-inhibitor of this activity (Figure 2B). While SABP2 dis-
plays esterase activity with MeSA and the methylated derivatives of two plant 
hormones — methyl jasmonate (MeJA) and methyl indole acetic acid (MeIAA) 
— when they are present at high concentrations, it is highly specific for MeSA 
(among the substrates tested) at more physiologically relevant concentrations 
(Figure 2A).

To understand how SABP2 can catalyze the hydrolysis of MeSA, we modeled 
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this substrate into the SABP2 active site based on the structure of the complex 
obtained with SA (Figure 1C), which is the product of the reaction. By assuming 
a different torsion angle, the side chain of Ser81 can become hydrogen-bonded 
to the side chain of His238, completing the catalytic triad (Figure 1C). In ad-
dition, the side-chain hydroxyl is placed directly over the carboxyl carbon of 
MeSA, in a perfect position for initiating the nucleophilic attack. The model also 
shows that the active site is only large enough to accommodate the phenyl ring 
of MeSA, therefore explaining the poor activity of SABP2 with the MeIAA and 
MeJA substrates (Figure 2A). 

These results, together with the genetic and physiological experiments previous-
ly reported for SABP2, suggest that MeSA may have an important role in SAR 
that is distinct from the role of SA. Since MeSA is more hydrophobic than SA and 
can thereby cross membranes more readily, it is possible that both short- and 
long-distance transmission of SA synthesized at the site of infection requires 
converting it first to MeSA. Our studies suggest that the role of SABP2 in plant 
host defense may be the hydrolysis of biologically inactive MeSA into active SA 
in the target cells. The potent inhibition of SABP2 by the product of the reaction, 
SA, may further help fine-tune intracellular SA levels. The presence of homolo-
gous proteins with MeSA esterase activity in other plant species suggests that 
MeSA may be a component of the plant innate immune response in general.

Figure 2. Comparisons of methyl esterase activities and binding affinities of SABP2. (A). 
Relative methyl esterase activity of SABP2 with MeSA, MeIAA, and MeJA substrates at 
three different concentrations (10 µM, 100 µM, and 1 mM). The activity with MeSA at each 
of the substrate concentrations was set at 100%. (B). SABP2 binds MeSA but not MeJA. 
MeSA (blue) competes with [3H]SA for binding to SABP2 with the same potency as SA 
(green), whereas MeJA (red) does not compete for binding. 

Figure 1. Structure of SABP2 in 
complex with SA. (A) Stereoview 
of the SABP2 monomer in complex 
with SA. SA (in green for carbon 
atoms) is located in the active 
site. (B) Active site of SABP2 in 
complex with SA, showing that 
the SA molecule (in green for 
carbon atoms) is shielded from 
the solvent in the active site. (C) 
Model of the binding mode of the 
MeSA substrate (green) to SABP2. 
The side chain of the catalytic 
Ser81 residue assumes a different 
conformation for catalysis (cyan and 
gold in complex with SA and MeSA, 
respectively). The hydrogen bonds 
are indicated in dashed lines in red, 
and the distance between Ser81 
and the MeSA carboxylate carbon is 
indicated in black.
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Evolution of Xylem Lignification and Hydrogel Trans-
port Regulation
C.K. Boyce1, M.A. Zwieniecki2, G.D. Cody3, C. Jacobsen4, S. Wirick4, A.H. Knoll5, and 
N.M. Holbrook5
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We have mapped the micron-scale distribution of cell-wall compounds in 
water-conducting cells with x-ray microscopy and shown that it varies across 
vascular plants. We have also shown that the extent to which water-transport 
properties can be modified by changes in the ionic content of transported 
water correlates with wall chemistry, which is consistent with the proposed 
wall-chemistry-based mechanism for this hydraulic response. Thus, the dis-
tribution of two key cell-wall compounds — hydrophilic polysaccharides and 
hydrophobic lignin — can likely affect the hydraulic and mechanical properties 
of cell walls. The evolutionary diversification of vascular cell types may reflect 
biochemical innovations evolved to fulfill opposing transport and structural 
support functions.  

All land plants have primary cell walls that are largely made of polysaccha-
rides, such as cellulose and pectin. The water-conducting cells of vascular 
plants also have complexly sculpted secondary wall thickenings that reinforce 
the primary walls and are impregnated with the polyphenolic polymer lignin. 
These vascular cells, comprising the xylem tissue, are typically responsible 
both for water transport and structural support in the plant — wood is an ex-
ample.

Vascular cells are dead at maturity and can only physiologically interact with 
the rest of the organism through their cell walls. The distribution of hydrophilic 
polysaccharides and hydrophobic lignin within individual cell-wall layers may 
greatly influence the cells’ structural and transport properties. For example, 
lignin would be optimally placed in the primary wall and middle lamella layer 
between adjacent cells in order to maximize the cell adhesion necessary for 
structural support, but such placement may interfere with aspects of hydraulic 
function as discussed below. Despite the functional importance of cell walls, 
details of their composition are difficult to observe due to the submicron scale 
of cell-wall layering. X-ray microscopy at the NSLS has allowed us to docu-
ment the detailed distribution of wall polymers and demonstrate that sites of 
lignin deposition within cell walls vary substantially across vascular plants 
(Figure 1).

It was previously discovered that the resistance properties of xylem can be 
reversibly modified by altering the ionic concentration of the water being trans-
ported. The mechanism proposed for this was that the pectin in the middle 
lamella layer acts as a hydrogel and reversibly contracts and expands due to 
the binding and release of ions from solution, thereby altering the size of the 
pores through which water travels from one xylem cell to the next. We hypoth-
esized that the lignification of the middle lamella, which provides structural 
support, would disrupt this capacity to modify the xylem’s transport-resistance 
properties. We then demonstrated that, in fact, patterns of lignin deposition 
and resistance properties are strongly correlated (Figures 1 and 2).
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Figure 2.  Percent increase of 
stem hydraulic conductance (mean 
± standard deviation) measured 
with 20 mMol KCl solution over 
conductance determined with 
deionized water. Numbers in 
parentheses reflect the number 
of different species used in the 
analysis.

Figure 1. X-ray microscopy images 
of xylem cells, with darker shades 
indicating greater x-ray absorbance 
and lignin abundance. Images were 
taken at 285.2-286 eV absorption 
peak for aromatic carbon, which 
is most prevalent in lignin. All of 
the images depict cross-sections 
of xylem cells: water conducting 
tracheids and vessels, or non-
conducting fibers specialized for 
support. Selaginella and Psilotum 
are basal vascular plants with a 
fern-grade organization. Maple is 
a flowering plant. Primary walls (1) 
and secondary walls (2) are labeled 
in each image. Nearly black or 
white areas found in cell lumens are 
epoxy or holes in the section. Scale 
bars are 6 microns.

This work suggests that a number of important evolutionary trends in vascular 
cells that have been traditionally framed in terms of changes in cell shape and 
wall anatomy must also be considered in terms of the evolution of wall chemis-
try, including the diversification of vascular cell types. For example, the primitive 
condition in vascular plants is to have a single cell type (tracheids) responsible 
for both support and transport, but flowering plants have evolved morphologi-
cally distinct cell types specialized either for transport (vessels) or for support 
(fibers). This appears also to involve a divergence in patterns of lignin deposi-
tion. Vessels have a lignification pattern that might compromise structural sup-
port, but fibers that maintain an alternative lignification pattern are available to 
provide that support (Figure 1). It is likely that a number of such shifts in wall 
biochemistry may be documented through further studies of living and fossil 
plants.



2-62 Life Science Science Highlights      2-63 

BEAMLINE X12B

Funding
National Institutes of Health; Doris Duke 
Charitable Foundation

Publication
Z. Zavala-Ruiz, I. Strug, I., B.D. Walker, 
P.J. Norris, and L.J. Stern, "A Hairpin Turn 
in a Class II MHC-Bound Peptide Orients 
Residues Outside the Binding Groove for 
T Cell Recognition," Proc. Natl. Acad. Sci. 
USA, 101(36),13279-84 (2004).

For More Information
Lawrence J. Stern, Ph.D., Department of 
Pathology, University of Massachusetts 
Medical School

Email: Lawrence.Stern@umassmed.edu

Authors (from left) Zarixia Zavala-Ruiz 
and Lawrence J. Stern

A Hairpin Turn in a HIV-Gag–Derived Peptide Bound 
to HLA-DR1 Orients Peptide Residues Outside the 
Binding Groove for T Cell Recognition
Z. Zavala-Ruiz1, I. Strug2, B.D. Walter3, P.J. Norris3,4, and L.J. Stern2

1Department of Chemistry, Massachusetts Institute of Technology; 2Department of Pathology, University of 
Massachusetts Medical School; 3Partners AIDS Research Center and Infectious Disease Unit, Massachusetts 
General Hospital and Harvard Medical School; 4Blood Systems Research Institute

T-cell receptors (TCRs) recognize peptide antigens bound to class II Major His-
tocompatibility Complex (MHC) proteins — molecules that transport and pres-
ent the antigens to the T-cells, thus activating the immune system response. 
The receptors contact the antigen residues within or immediately flanking the 
seven-to-nine-residue sequence accommodated by the MHC-peptide binding 
groove. We identified a HIV-Gag-specific T-cell clone that requires an unusu-
ally long peptide for activation. The crystal structure of the HIV-gag peptide 
bound to an MHC protein known as HLA-DR1 shows that the peptide binds in 
an unexpected conformation, with its C-terminal region making a hairpin turn 
that bends back over the groove. The residues at the C-terminus are critical 
for T-cell recognition, and disrupting the hairpin cancels the immune response. 
The results suggest a new mode of MHC-peptide-TCR interaction.

Major Histocompatibility Complex (MHC) proteins are heterodimeric cell sur-
face proteins that present antigens to T-cells, triggering the cell-mediated im-
mune system. Peptides isolated from class II MHCs found in antigen-present-
ing cells are usually 15-20 residues long. Approximately one-third of the total 
peptide surface (the central region of the peptide) is accessible to solvent, 
which is necessary for recognition by the T-cell receptors (TCRs). Typically, 
TCRs specifically recognize a stretch of approximately nine residues.  

We investigated the binding of peptides to class II MHC molecules using x-ray 
crystallography. The structures show that peptides bind in a polyproline type-II 
conformation with several conserved binding pockets within the overall MHC 
peptide-binding groove. Generally, the pockets accommodate the side chains 
of peptide residues at the P1, P4, P6, and P9 positions, with smaller pockets 
or shelves for the P3 and P7 residues. In the canonical conformation, the side 
chains of residues at the P-1, P2, P5, and P8 locations are solvent-accessible 
and point toward the TCRs. Mutagenesis studies of many MHC-TCR pairs, in 
addition to the two available MHC-peptide-TCR crystal structures, show that 
the TCRs contact the MHC-bound peptide in the region circumscribed by MHC-
peptide contacts at the P-1, P2, P3, P5, and P8 positions.  

A T-cell clone isolated from an individual acutely infected with HIV-1 recog-
nizes a peptide antigen derived from the HIV-Gag protein bound to the human 
class II MHC protein HLA-DR1. This clone requires an unusually long version 
of the peptide for activation.  

The crystal structure of HLA-DR1 in complex with the unusually long Gag-de-
rived peptide, Gag[PP16], shows that the peptide binds in an unexpected bent 
conformation, forming a hairpin turn that orients the C-terminal region above 
the remainder of the peptide. An alignment of HLA-DR1-Gag[PP16] with other 
crystal structures of HLA-DR complexes for which clear electron density can 
be seen beyond the P10 peptide residue is shown in Figure 1. On each of the 
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other HLA-DR complex structures, the peptide extends straight out of the bind-
ing site.  

To determine the importance of the C-terminal region in T-cell activation and 
to confirm the physiological relevance of the hairpin observed in the crystal 
structure, we performed alanine scanning mutagenesis. Each Gag[PP16] pep-
tide residue was changed independently to alanine and standard MHC-peptide 
binding assays and T-cell activation experiments were conducted. In the MHC-
peptide binding assay, we saw some significant reductions in binding affinity 
upon alanine substitution of Val(P1) and Met(P4) and Ser(P9). These effects 
are consistent with the binding frame observed in the crystal structure. In the 
T-cell activation assay, alanine substitutions of Glu(P-1), Ile(P2), Phe(P5) and 
Thr(P13) completely abolished T-cell activation. The side chains located at posi-
tions P-1, P2, and P5 are solvent-exposed and therefore accessible for recogni-
tion by the TCRs (Figure 2). Substitution of Gly(P11) to proline, which cannot be 
accommodated in the hairpin, also abolished T-cell activation.     

In conclusion, our study shows that peptides can bind to MHC II in previously 
unobserved conformations in which residues outside the binding groove can 
bend back and become accessible for TCR recognition. This provides evidence 
for a new mode for MHC-peptide-TCR interaction.

Figure 2. The Gag[PP16] hairpin 
turns orients important C-terminal 
residues in position to interact 
with the TCR. Side view of surface 
of HLA-DR1 with the Gag[PP16] 
peptide shown as a stick model. 
Peptide side chains essential for 
T-cell activation are red and those 
important for peptide binding to 
HLA-DR1 are blue. Met(P4) is in 
orange; it affects both MHC peptide 
binding and T-cell activation. 

Figure 1. Alignment of HLA-DR 
crystal structure exhibiting ordered 
peptide density beyond the P10 
residue. Complexes were aligned 
by least-squares fitting of α1 and 
β1 domains of the MHC protein. 
Peptides are shown as Cα traces. 
DR1/TPI is red (PDB ID code 
1KLU), DR2a/MBP is blue (PDB ID 
code 1FV1), DR3/CLIP is magenta 
(PDB ID code 1A6A), DR1/Ha is 
cyan (PDB ID code 1DLH), DR2a/
EBV is gray (PDB ID code 1H15), 
and DR4/collagen is orange (PDB 
ID code 2SEB).
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A New Addition to the Folding Repertory: An 
Engineered Five-Stranded Tryptophan Zipper
J. Liu and M. Lu

Cornell University

Coiled-coil motifs are ubiquitous mediators of specific protein-protein interac-
tions through the formation of interlocking hydrophobic seams between α-heli-
cal chains. We engineered a “Trp-zipper” protein with tryptophan (Trp) residues 
at 14 first and fourth heptad positions. The protein forms a discrete, stable, 
α-helical pentamer in water at physiological pH. Its 1.45 Å crystal structure 
reveals a parallel, five-stranded coiled coil, a new type of “knobs-into-holes” 
packing interaction, and an unusual ~8 Å diameter axial channel lined with 
indole rings. The engineered Trp-zipper pentamer expands current views of 
coiled-coil assembly, molecular recognition, and protein engineering, and may 
serve as a soluble model for membrane ion channels.

Coiled coils are one of the most common motifs in protein-protein interactions 
and have been used as the basis for the design of helical bundles and many 
related structures. They consist of entwined alpha helices that form a hydro-
phobic seam based on nonpolar side chains located at the first (a) and fourth 
(d) positions in a characteristic seven-amino-acid sequence repeat, called a 
heptad. Despite their simple sequence pattern, coiled coils exhibit great diver-
sity in the number and orientation of the chains involved. Proteins composed 
of two to twelve “strands” are known, and general principles for assembling 
dimers as well as higher-order structures, including hexamers and dodecam-
ers, have been deduced. 

About five years ago, we became interested in the E. coli lipoprotein (a 
protein-lipid molecule, denoted Lpp) that contains a three-stranded coiled-
coil domain (Lpp-56) embedded between the outer cell membrane and the 
periplasmic peptidoglycan. Surprisingly, the crystal structure of this trimeric 
domain shows that the superhelical structure is not a uniform cylinder, but has 
a pinched-in region where three adjacent alanines (small hydrophobic amino 
acids) occupy the normally bulky nonpolar side chains at the a and d heptad 
positions. This unusual flexibility in the local helix geometry has not been seen 
in GCN4 leucine-zipper models, and led us to undertake a systematic analysis 
of the effect that the number and size of the side chains at the a and d posi-
tions might have on the structure and stability of the protein. Replacing all of 
the a and d residues with alanine, for example, completely unfolds the protein 
in solution, although the trimer is stable in crystals. This effect had not been 
reported before, to our knowledge: Intermolecular interactions in the crys-
tal were sufficient to stabilize a coiled-coil trimer that could not fold in solu-
tion. Even when we cross-linked the chains covalently, the protein in solution 
remained monomeric. The monomer provided a useful model for defining the 
folding pathway in this system because we could identify a nascent helical se-
quence near the carboxyl terminus that unfolded as the temperature increased. 

To explore the effects of helix geometry on coiled-coil formation, we engi-
neered a Lpp-56 variant that contains exclusively Trp residues at the a and d 
positions (Figure 1). This Trp-zipper protein (denoted Trp-14) forms a stable 
pentameric coiled coil in solution. Its 1.45 Å crystal structure reveals a never-
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Figure 1. Crystal structure of Trp-
14. The top panel shows a side 
view of the pentamer. The bottom 
panel shows the cross-section of the 
pentamer in the W18 (a, left) and 
W21 (d, right) layers. The view is 
from the amino terminus of the Trp-
14 pentamer.

seen-before interface between five parallel helices formed by interacting Trp 
residues. Only the residues at the a positions obey classical “knobs-into-holes” 
packing, while the d positions exhibit a more perpendicular stacking arrange-
ment of the indole rings. This result suggests that the a and d layers in larger 
diameter helical barrels may unequally contribute to the stability of the struc-
ture. The Trp-14 structure also contains an irregular hydrophobic cavity (with a 
diameter of 8 Å) running along the long axis. This engineered Trp-zipper struc-
ture shows that we have not achieved a complete understanding of the princi-
ples of coiled-coil assembly. We are exploring additional variants of Lpp-56 that 
will help us to do so. Meanwhile, we note that the channel in Trp-14 may serve 
as a soluble model for membrane ion channels, and may help determine the 
thermodynamic effect of binding various ligands in such a channel.
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Crystal Structures of Nitroalkane Oxidase: High Reso-
lution Data Collection Strategy for Crystals with a 
Very Long Unit Cell Edge
A. Nagpal1, M.P. Valley2, P.F. Fitzpatrick2, and A.M. Orville1 
1 School of Chemistry & Biochemistry, Georgia Institute of Technology; 2 Department of Biochemistry & Biophys-
ics, Texas A&M University

Nitroalkane oxidase (NAO) catalyzes the oxidation of neutral nitroalkanes 
to the corresponding aldehydes or ketones with the production of H2O2 and 
nitrite. Oxidized NAO readily crystallizes in a trigonal space group, diffracts 
to beyond 1.6 Å, but with a c unit-cell edge of 488 Å. These characteristics 
push data collection facilities to the limit. Using a combination of 2θ detector 
offsets, kappa geometry, and multiple data sets, a complete data set to 1.6 Å 
resolution has been achieved. To determine the structure we used crystals of 
a Se-Met enriched form of NAO, but trapped in a stable reaction intermediate 
complex (Ered-S*). Although the orthorhombic unit cell of Ered-S* was smaller, it 
nevertheless required analysis of 52 Se sites with MAD phasing methods. The 
2.2 Å structure of Ered-S* was then used to solve the structure of NAO in the 
large unit-cell crystal form.

One of the research interests of the Orville lab is the structure/function analy-
sis of enzymes that catalyze nitrite elimination from natural and “xenobiotic” ni-
trochemicals. Nitroaliphatic compounds are often produced by plants to inhibit 
the central metabolic enzymes of the TCA cycle in potential pathogens. Nitroal-
kane oxidase (NAO) is an FAD-dependent enzyme in fungus, which is induced 
by nitroalkanes and enables the microbe to obtain all its nitrogen from these 
types of compounds. Oxidized NAO crystallizes easily, which encouraged us to 
vigorously pursue the structure. However, the diffraction pattern observed with 
our in-house Cu Kα x-rays was very streaky, even at the maximum crystal-to-
film distance (Figure 1). In contrast, our first diffraction images obtained at 
X26C clearly indicated a different story. The NAO crystals diffracted to beyond 
1.6 Å resolution in space group P3221, but with unit cell dimensions of a = b 
=104 Å, c = 488 Å. 

As of January 2005 only 158 x-ray structures (out of 29,040) deposited in the 
PDB contain a c axis unit cell edge greater than 450 Å. Moreover, only 16 of 
these structures were to at least 2.5 Å resolution. Thus, NAO would set the 
highest resolution record for a large unit cell, provided that high-resolution dif-
fraction data could be collected, the phases could be solved, and the struc-
ture refined. We visited several beamlines at NSLS and APS to achieve these 
goals.

The observed x-ray diffraction pattern has a reciprocal relationship with the 
unit cell dimensions of the crystal in real space. Therefore, the resulting x-ray 
reflections for NAO crystals are very close together and appear as streaks with 
Cu Kα x-rays. In order to resolve closely spaced reflections, the crystal-to-
detector distance must be sufficiently large to allow the reflections to diverge 
from each other before they reach the detector. However, this also significantly 
decreases the maximum Bragg angle of reflection, so consequently the high-
resolution data are not observed. 

To collect the high-resolution data of NAO, several data sets were merged. 
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They were obtained with different detector vertical offsets (approximately 
equivalent to 2θ) and optimized kappa geometry to align the long cell axis ap-
proximately parallel to the crystal rotation axis. This strategy was first utilized 
at X26C to collect three data sets. The first two data sets used a vertical offset 
of 75 mm and a kappa of either 0° or 40°. The third data set was standard, 
employing no vertical or kappa offset. Merging these data sets yielded a 90% 
complete dataset to 2.5 Å resolution with I/σ(I) of 8.3 in the highest resolution 
shell. We subsequently collected data at APS beamline 14-BMC (operated by 
BioCARS) using the strategy established at X26C and a 150 mm maximum verti-
cal offset. The merged data is 93.5% complete to 2.07 Å resolution, including 
80% completeness in the 2.07 Å resolution shell, but still only 60% complete to 
1.6 Å resolution. Further high-resolution studies are ongoing at several synchro-
tron beamlines.

To solve the structure, we took advantage of the fact that during NAO turnover 
of nitroethane a N5-(2-nitrobutyl)-1,5-dihydro-FAD adduct (Figure 2) can be 
trapped at low temperature (Ered-S*). This form of the enzyme crystallizes in a 
smaller, orthorhombic space group and contains one holoenzyme (α4) per asym-
metric unit. A Se-Met enriched form of Ered-S* was used for MAD data analysis 
(52 selenium sites) and solved to 2.2 Å resolution. 

The larger unit cell for oxidized NAO contains 11⁄2 holoenzymes (six subunits) 
per asymmetric unit. The structure was solved by molecular replacement using 
Ered-S* as a search model. The structure of oxidized NAO has been refined to 
2.07 Å resolution. We are currently analyzing our structures to characterize a 
subtle rearrangement of subunits associated with the conversion of oxidized 
NAO to Ered-S*. The approximately 26° rotation for the subunits is unique to 
NAO, since analogous conformational changes are not observed in the acyl-CoA 
dehydrogenases, which are structural but not functional homologs of NAO.

Figure 2. The structures of NAO 
and Ered-S* are homotetramers 
(top). The 2.2 Å resolution electron 
density for the N5-FAD adduct within 
the Ered-S* trapped intermediate 
(bottom) clearly indicates the 
presence of the 2-nitrobutyl moiety.

Figure 1. The x-ray diffraction 
patterns obtained from crystals 
of oxidized NAO. The diffraction 
pattern on the left was obtained with 
Cu Kα x-rays (1.54 Å), whereas the 
pattern on the right was collected 
with 1 Å synchrotron radiation. 
Synchrotron facilities provide a 
more intense, smaller, and focused 
x-ray beam. This enables longer 
crystal-to-film distances and the 
ability to resolve very closely spaced 
reflections from large unit cells.
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Shape Selective RNA Recognition by Cysteinyl-tRNA 
Synthetase
S.I. Hauenstein1, C.-M. Zhang2, Y.-M. Hou2, and J.J. Perona1

1Department of Chemistry and Biochemistry, University of California at Santa Barbara; 2Department of Biochem-
istry and Molecular Pharmacology, Thomas Jefferson University

Cysteinyl-tRNA synthetase (CysRS) is the enzyme responsible for attaching 
cysteine (Cys) to the 3’-end of cysteine-specific transfer RNA (tRNACys ). The 
synthesis of Cys-tRNACys is a crucial preliminary step required to incorporate 
cysteine into new proteins. We determined the three-dimensional structure of 
the complex formed between CysRS and tRNACys at high resolution, revealing 
that the complex has an extensive enzyme-RNA recognition interface. An in-
tricate network of hydrogen-bonding, steric, and electrostatic interactions was 
found at the inner-corner of the tRNA L-shape, near an unusual tertiary base-
pair previously implicated in tRNA aminoacylation. Our combined mutational 
analysis of enzyme and tRNA groups showed that tRNA recognition by CysRS 
is shape-selective.

Aminoacyl-tRNA synthetases are the class of enzymes responsible for the 
covalent attachment of amino acids to the 3’-ends of cognate transfer RNA 
molecules (tRNAs) — the process known as aminoacylation. Cysteinyl-tRNA 
synthetase (CysRS) is the smallest monomeric tRNA synthetase in E. coli, 
and is an excellent model for exploring how the enzymes discriminate among 
a large number of structurally similar L-shaped tRNAs. Biochemical data has 
previously suggested that CysRS may rely on the distinctive globular shape 
of the tRNACys core to recognize critical molecular elements, via a general 
mechanism known as “indirect readout.” A striking feature of the tRNACys core 
is the presence of a rare G15:G48 noncanonical tertiary base-pair. To provide 
the essential framework for interpreting this type of functional data, we crystal-
lized E. coli CysRS bound to tRNACys and determined the crystal structure to 
2.3 Å resolution. 

Our previously determined structure of the unbound CysRS revealed that it has 
an elongated shape. It features a Rossman fold catalytic domain, an inserted 
domain adjacent to the tRNA-acceptor end, a bridging stem-contact fold, and 
an α-helical bundle domain conserved among a subclass of other tRNA syn-
thetases. While the relative orientations of these four domains are identical in 
CysRS bound to tRNA, a fifth domain — consisting of approximately 60 amino 
acids forming a mixed α/β fold — appears at the C-terminus of the helical 
domain, adjacent to the anticodon loop (Figure 1). This is a unique feature not 
previously observed in tRNA synthetases.

A significant fraction of the binding surface between CysRS and tRNACys 
consists of interactions between the CysRS α-helical bundle domain and the 
tRNA’s D and anticodon domains (which together form the vertical arm of 
the L-shape). The structure of the arm shows that there are no base-specific 
contacts at the key G15-G48 base-pair (where G is the nucleotide guanine). 
Instead, hydrogen bonds are made at a non-bridging phosphate oxygen atom 
located on the G15 and at the 2’OH on A14 (the nucleotide adenine) by the 
side-chains of Asn351 and Glu354 (the amino acids asparagine and glutamic 
acid, respectively) (Figure 2). In addition, a water-mediated hydrogen bond 
links G15 with the side chains of Asp348 (aspartic acid) and Lys12 (lysine), 
which form an adjacent salt-bridge.
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To test how cysteinylation relies on these sugar-phosphate backbone contacts at 
G15, we carried out a combined mutational analysis of the CysRS enzyme and 
tRNA in this region. The data revealed that variant enzymes mutated at Asn351 
were no longer able to distinguish between tRNAs possessing the unusual G15-
G48 pair and a canonical G15-C48 pair found in most tRNAs. Asn351 mutants 
are just six times more likely to prefer G15:G48 tRNACys, compared with a 125-
fold preference that native CysRS has for the wild-type tRNA. Together with the 
highly complementary sugar-phosphate backbone interactions observed in the 
structure, these data indicate that the Asn351-G15 phosphate contact mediates 
tRNA recognition by indirect readout.

Because the 3’-terminus of the tRNA is disordered in the crystals, we do not yet 
know how interactions with the sugar-phosphate backbone are transmitted to 
the enzyme active site. The extent to which tRNA selectivity may be coupled to 
a unique zinc ion-mediated mechanism for amino acid selection is also unre-
solved. We are currently performing crystallographic and enzymological experi-
ments to address these questions.

Figure 2. Indirect readout of the 
tertiary core. Asn351 makes a 
hydrogen bond with the phosphate 
of G15 in the G15-G48 Levitt pair 
(red). Glu354 makes secondary 
contact with the 2’OH group of A14 
from the U8-A14-A46 pair (blue) 
stacked directly beneath the G15:
G48 pair. A red sphere represents 
the water molecule involved in 
hydrogen bonding between the 
phosphate of G15 and Asp348/
Lys12.

Figure 1. Ribbon representation of 
the E. coli CysRS-tRNACys structure. 
The CP domain (1), Rossman fold 
(2), SC fold (3), helical bundle 
domain (4), and AB domain (5) are 
colored tan, red, green, blue, and 
light purple, respectively. The tRNA 
molecule is shown as a gold tube 
and the active-site zinc ion as a blue 
sphere.
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Effect of Interfacial Bonds on Morphological 
Instability of Slightly Lattice Mismatched Epitaxial 
Thin Films
J.H. Li1,2, D.W. Stokes1, O. Caha1, S.L. Ammu1,2, J. Bai3, K.E. Bassler1, and S.C. Moss1,2
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Using x-ray diffraction, we have investigated the strain and composition of 
InAs/GaSb superlattices grown on GaSb or InAs (001) substrates with InSb or 
GaAs interfacial bonds. An ordered InAs nanowire array is formed in the su-
perlattice on GaSb (001) with InSb interfacial bonds, while the superlattice on 
InAs (001) with GaAs interfacial bonds remains planar. We have determined 
the composition and strain in both superlattices and found that the InAs layers 
are under compressive strain, rather than under the expected tensile strain or 
strain-free as we expected. We suggest that the strain state of the interfacial 
bonds is crucial for the morphological instability. This may provide a new chan-
nel in which to manipulate the self-assembling of nanowire structures.

The formation of self-organized semiconductor nanoscale structures, based 
on the morphological instability of strained films grown using molecular beam 
epitaxy, has been observed in many III-V systems. Instability occurs at some 
critical layer thickness, which is large for many III-V systems with a misfit of 
less than 1% (>150 Å), when the misfit strain energy is reduced more than the 
surface energy is increased. However, unusual instability phenomena have 
been observed in some non-common anion strained III-V single layers and 
heterostructures. For example, In0.45Ga0.55As/InP (001) with a misfit of 0.5% 
demonstrates instability at an early stage of the growth. Similarly, InAs/GaSb 
(001) heterostructures have a misfit of 0.62%, but instability is observed at a 
thickness of a few monolayers. 

In this work, two (InAs)13/(GaSb)13 superlattices, one with In-Sb interfacial 
bonds and one with Ga-As interfacial bonds, have been analyzed. Cross-sec-
tional scanning tunneling microscope images showed that the sample with 
In-Sb interfacial bonds formed an array of nanowires, as shown in Figure 1. 
However, the sample with Ga-As interfacial bonds remained planar. Figure 
2(a) shows the reciprocal space map around the GaSb (-224) substrate re-
ciprocal lattice point for the nanowire sample. Figures 2(b) and (c) show line 
scans along the Qx||[-110] and Qz||[001] directions (indicated by the dashed 
lines in the map). The appearance of high-order two-dimensional satellites 
in these scans indicates the long-range ordering of the nanowire array. X-ray 
results from the planar superlattice sample (not shown) show one-dimensional 
satellites as expected. 

Theoretical simulations of the x-ray results for the nanowire sample based 
on a structural model derived from Figure 1 were performed considering the 
shape function of the nanowires — including the spacers, the scattering am-
plitude of a single nanowire, and the strain distribution in the nanowire array 
— through a direct solution of the equations of linear continuum elasticity. The 
simulations, also shown in Figure 2, yield that (1) the “InAs” nanowires were 
actually an InAs0.88Sb0.12 alloy due to Sb contamination and/or segregation, 
with a positive mismatch of +0.21%, and (2) the In-Sb interfacial bonds have a 
large positive mismatch of +6.28% with respect to the substrate. 

Authors (from left) Donna Stokes, 
Kevin Bassler, and Jianhua Li



2-70 Materials Science Science Highlights      2-71 

For the planar sample, the x-ray rocking curve revealed that the “InAs” layers 
were also InAs0.88Sb0.12 alloy layers with a mismatch of +0.83%, which is much 
larger than that of the layers grown on the GaSb substrate. This sample is dif-
ferent because it contains Ga-As interfacial bonds, which experience a large 
negative mismatch of -6.69% with respect to the InAs substrate. 

For the nanowire sample, the InAs0.88Sb0.12 and the InSb interfacial have a posi-
tive misfit. Thus, it is favorable for them to relax together. The strain energy is 
proportional to the layer thickness; therefore, the high misfit strain in the InSb 
interfacial reduces the critical layer thickness of InAs0.88Sb0.12, making it pos-
sible for instability to occur in just a few monolayers. For the planar sample, the 
InAs0.88Sb0.12 and the GaAs interfacial have opposite misfits. Relaxation of these 
two materials involves atomic displacements in opposite directions; therefore, it 
is unfavorable for them to relax together to form a planar sample. This suggests 
that it may be possible to manipulate the self-assembling of nanowire struc-
tures through the control of the strain relationship with respect to the substrate 
between the superlattice layers and interfacial bonds.

Figure 1. A reconstructed 3D 
structure of the nanowire array in the 
nanowire sample based on XSTM 
measurements. The dark areas 
are "InAs" and the bright areas are 
"GaSb." Enclosed in the solid lines 
is a nanowire model used in our 
simulation. The bright circles mark a 
super face-centered-rectangle unit 
cell that the nanowires form.

Figure 2. Experimental and 
simulated (a) x-ray reciprocal space 
map around (-224) reciprocal 
lattice point (b) Qx||[-110] scan 
(dots) corresponding to the dashed 
horizontal line in the map and (c) 
Qz||[001] scan (dots) corresponding 
to the dashed vertical line in the 
map. (m,n) indicates the lateral and 
vertical orders of the satellites.
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Perovskite Thin Films Under Strain
F. He1, B.O. Wells1, and S.M. Shapiro2
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Strontium titanate (SrTiO3) nanoscale films were studied as a model oxide film 
system. Highly strained films were grown on different substrates, resulting in 
either compressive or tensile strain. The measured strain-temperature phase 
diagram is qualitatively consistent with theory; however, the change in transi-
tion temperature is much larger than predicted. Further, the film is constrained 
because it is epitaxially clamped to the substrate, which causes the SrTiO3 
to be tetragonal at all temperatures. Therefore, the phase transition involves 
only a lowering of symmetry. This leads to the unique situation in which the 
low temperature phase under tensile strain has an orthorhombic Cmcm space 
group but a tetragonal lattice, a situation not possible for bulk materials.

In epitaxial films only several nanometers thick, the film atoms tend to align 
with the underlying substrate atoms. If the lattice parameters of the film and 
substrate material are different, the film will be strained from its natural bulk 
atomic spacing. An important area of research in recent years has focused on 
understanding exactly why the properties of strained films differ from related 
bulk materials. An ultimate goal is to learn how to use these differences to 
enhance the performance of devices, or as a tool to probe the fundamental 
physics of materials with strong electron interactions. 

The many fascinating properties of perovskite-related materials, such as fer-
roelectricity and high-temperature superconductivity, are particularly sensitive 
to strain. Our experiments used synchrotron x-ray scattering to investigate the 
structural phase transitions in very highly strained films of various perovskite-
based film materials. Our main model system has been SrTiO3, which has a 
well-known structural phase transition involving rotations of the internal TiO6 
octahedral, as shown in Figure 1(a). In this case, the transition is from a high 
symmetry cubic phase at a high temperature to a lower symmetry tetragonal 
phase below the transition temperature. The structural phase transition in 
SrTiO3 is monitored through the superlattice diffraction peaks associated with 
the low-temperature phase.

We produced SrTiO3 films with different amounts and types (compressive or 
tensile) of strain by carefully growing them on different underlying crystals. 
Under compressive strain, the phase transitions in SrTiO3 films go from a 
high-symmetry tetragonal structure to a low-symmetry tetragonal phase. Under 
tensile strain, the transition is from high-symmetry tetragonal to orthorhombic. 
The structural phase transition temperature Ts is enhanced under both com-
pressive strain and tensile strain. The main difference between the two cases 
is that the orientation of the rotation axis is different for compressive strain 
and tensile strain, as illustrated in Figure 1(b). A very similar effect happens to 
the spontaneous polarization in related ferroelectric films. 

An interesting phenomenon in epitaxial films is that, although internally there 
are structural changes corresponding to the phase transitions, externally the 
dimensions of the unit cells do not change because of the strong bonding, 
or clamping, from the substrates. Therefore, the tetragonality of the unit cell, 
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which is the secondary order parameter for bulk SrTiO3, is no longer a good or-
der parameter for phase transitions in films. The internal transitions without the 
external changes in the shapes of the unit cells create unique morphologies that 
are not possible in bulk materials. For example, the low-temperature phase in 
SrTiO3 films under tensile strain has an orthorhombic space group (Cmcm) but a 
tetragonal lattice as a consequence of strain and substrate clamping.

The strain phase diagram based on our experimental data is compared with 
the theoretical calculations by Pertsev et al, shown in Figure 2. Many aspects 
of the strain-temperature phase diagram, such as the domain structures and 
the general trend of the phase boundary, are well described by current theory, 
though improvements are necessary to describe the magnitude of the increase 
in transition temperature.

Figure 2. Strain-phase diagram for 
SrTiO3 thin films. High-symmetry 
tetragonal, low-symmetry tetragonal, 
and orthorhombic phases are 
labeled HT, LT, and LO, respectively. 
For tensile strain, Ts increases 
rapidly over the small strain regime, 
then stabilizes at about 160–170 
K for larger strain. Compressive 
strain induces a more dramatic 
effect. Only 0.5% compressive strain 
results in an increase in Ts of over 
200 K versus the bulk value, nearing 
room temperature.

Figure 1. (a) Unit cell of SrTiO3. 
The phase transition involves 
the rotation of internal TiO6 
octahedral. (b) The rotation axis 
of internal TiO6 octahedral (red 
arrow) in SrTiO3 oriented differently 
under compressive strain and 
tensile strain. The spontaneous 
polarizations in ferroelectric 
materials behave similarly.
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Epitaxial Tilting of GaN Grown on Vicinal Surfaces of 
Sapphire
X.R. Huang1, J. Bai1, M. Dudley1, R.D. Dupuis2, and U. Chowdhury2

1Department of Materials Science and Engineering, Stony Brook University; 2School of Electrical and Computer 
Engineering, Georgia Institute of Technology

Using the synchrotron Laue method and high-resolution x-ray diffraction, we 
have revealed the epitaxial tilting effect of gallium nitrite (GaN) films grown on 
vicinal (0001) surfaces of sapphire and their relationship to the offcut angles 
and the substrate surface steps. This effect is a consequence of the large out-
of-plane lattice mismatch between GaN and sapphire, and can be explained 
by an extended Nagai theory. The large lattice tilts and their formation mecha-
nism indicate that the substrate surface morphology is an important factor that 
affects the epitaxy process and the crystalline quality of GaN films grown via 
vicinal-surface epitaxy.

Although the growth of III-nitrides on sapphire (Al2O3) has been extensively in-
vestigated, little attention has been paid on the large c lattice mismatch (∆c/c ≈ 
20% for GaN/sapphire), particularly the case of vicinal surface epitaxy (VSE). 
We have recently demonstrated that GaN grown on a vicinal sapphire surface 
is generally tilted from the substrate (known as a Nagai tilt). For 1-bilayer 
steps of sapphire, shown in Figure 1a, the tilt α is related to the offcut angle 
ϕ by the relationship tanα = −(∆c/c)tanϕ ≈ 0.2tanϕ (<0). For step bunches, 
however, this principle may change. In Figure 1c, due to 3c ≈ 2.5ce, the GaN 
lattices can be tilted in two directions with equal probabilities, tanα ≈ ±0.2 

tanϕ, leading to α ≈ 0 on average. For 4-bilayer steps, the GaN lattice is tilted 
toward the offcut direction by tanα =  [(4c−3ce)/(4c)]tanϕ ≈ 0.1 tanϕ (>0). Simi-
larly, the tilt for 5-bilayer steps is tanα =  [(5c−4ce)/(5c)]tanϕ ≈ 0.04 tanϕ (>0).
 
The above principles have been explicitly verified by synchrotron Laue pat-
terns and high-resolution x-ray diffraction performed on vicinal GaN/sapphire. 
GaN films 4 µm thick were grown using low-pressure metal organic chemical 
vapor deposition (MOCVD) in a temperature range of 1020-1080°C. Figure 2 
shows the back-reflection Laue patterns of three samples, where the displace-
ment of the 0001 spot from O (white arrows) is caused by the offcut, and the 
displacement of the GaN 0001 spot from that of sapphire reflects the epilayer 
tilt, which is always parallel to the offcut direction nc. In Figure 2a, the mea-
sured tilt (negative) is in perfect agreement with the tilting model in Figures 1a 
and 1b, indicating that on the small-offcut substrate the steps are dominantly 
1- or 2-bilayer steps. For the 6.29°-off sample, the tilt shows that steps of vari-
ous types coexist on the substrate surface, with 1- or 2-bilayer steps contribut-
ing to negative tilts and the other types reducing this tendency. The positive 
tilt of the 10.6°-off sample shows that 4- or 5-bilayer steps outweigh the other 
steps.
 
The tilting effect reveals a series of important mechanisms of GaN epitaxy 
that have been widely ignored in the past, including: 1) the sapphire surface 
morphology can greatly affect the epitaxy process and the crystalline qual-
ity of GaN films; 2) drastic step bunching and faceting of sapphire can occur 
during nitridation; 3) mismatch strains are dominantly relaxed by pure basal 
plane dislocations without out-of-plane Burgers vector components; and 4) 
the epilayer tilt-related shear stresses are believed to significantly affect the 
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Figure 2. Laser-guided back-
reflection synchrotron Laue patterns 
of vicinal GaN/Al2O3 samples 
showing the epitaxial tilts. The film-
to-sample distance is 30 cm. Inset: a 
side view of the diffraction geometry.

Figure 1. Epilayer tilts induced by 
steps of various heights in VSE of 
GaN on sapphire. ns – substrate 
surface normal, nc – offcut direction.

growth kinetics and strain relaxation. In our latest work, we also found the tilting 
effect and the related mechanisms in GaN/SiC systems [X.R. Huang et al., PRL 
95, 086101 (2005)] where, compared to flat-surface epitaxy, VSE shows explicit 
advantages for relaxing strains and improving epilayer quality.
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Mediator-Template Assembly of Nanoparticles
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The ability to construct size- and shape-controllable architectures using 
nanoparticles as building blocks is essential for exploring the properties of 
nanostructures. Our mediator-template strategy explores multidentate ligands 
as molecular mediators and surfactant-capped nanoparticles as templates in 
order to build size-controllable and monodispersed particle assemblies. Such 
assemblies display both soft and hard properties, depending on how they inter-
act with their substrates. This duality could form the basis of a new strategy for 
manipulating nanoscale linkages, soldering nanoelectronics, and constructing 
nanosensor devices. The assemblies also allow for controlled disassembly and 
size regulation by a third molecular component, which could lead to develop-
ments in nanotechnological applications in controlled drug delivery.  

Many areas of nanotechnology involve the use of nanoparticle-based materi-
als in applications such as sensors, catalysis, and information storage. These 
applications require the ability to assemble nanoparticles into a structure 
with controllable size, shape, and interparticle spatial properties, resulting in 
unique nanoscale properties that can be effectively exploited. While a variety 
of assembly methods have been demonstrated, the ability to precisely con-
trol size, shape, and interparticle spatial properties is rarely reported due to 
the lack of molecular-level understanding of the interparticle interactions and 
reactivities.  

The key element of our assembly approach is a mediator-template strategy. 
The understanding of molecular driving forces exerted by molecular linkers 
or multidentate thioethers as mediators, as well as monolayer or surfactant 
capping molecules as templating agents, could lead to a general assembly 
strategy that would maximize our ability to control the structure’s size, shape, 
and spatial properties. Consider, for example, a system in which multidentate 
thioethers, Me4-nSi(CH2SMe)n (2), are used as mediators and tetraalkylammo-
nium bromides, [CH3(CH2)m]4N

+Br- (1), are used as templating agents. Scheme 
1 illustrates the general concept of the 2-mediated assembly of 1-capped gold 
nanoparticles (1/Au). This mediator-template combination is simple and effec-
tive. The mediation force exploits the coordination reactivity between 2 and 
Au, which can be manipulated by the number of thioether groups on 2. Simul-
taneously, the templating force resulting from the surfactant reactivity of 1 
determines the geometry of the assembly, depending on the chain length and 
structure of 1.

The average diameters of the spherical assembly (the TEM image in Scheme 
1) are dependent on the relative ratios of mediators vs. templates. One impor-
tant finding is from a small-angle x-ray scattering measurement that (Figure 
1A) revealed a subtle decrease of the edge-to-edge distance with increasing 
mediator-to-template ratio, falling between the expected molecular lengths of 1 
and 2. Another important finding is from a spectrophotometric measurement of 
the surface plasmon resonance band (Figure 1B), which led to two important 
findings: that the mediator-template assembly of nanoparticles is an enthalpy-
driven process, and that the enthalpy change (-1.3 kcal/mole) is close to the 
magnitude of the van der Waals interaction energy for alkyl chains. These 
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findings establish the important role played by the templating molecules in the 
mediate-template assembly.

The spherical assembly on mica does not wet the surface, and thus retains its 
shape. In contrast, the spherical assembly wets highly ordered pyrolytic graphite 
(HOPG), and thus the particles tend to spread over the surface. The interaction 
between the spherical assembly and HOPG must be relatively strong in view of 
the hydrophobic character of the HOPG surface and the hydrophobic character 
of 1-capped Au nanoparticles and their assemblies.

The soft-hard nature of the nanoparticle assemblies and their interactions with 
contacting substrates could form the basis of a new strategy for manipulating 
nanoscale linkages, soldering nanoelectronics, and constructing nanosensor 
devices. Interestingly, the nanoparticle assemblies display interesting optical 
properties that are highly responsive to changes in assembly size, chemical 
environment, and molecular structures. The chemically responsive optical prop-
erties could find applications in devices such as sensors and biosensors. Such 
assemblies also allow for controlled disassembly and size regulation by a third 
molecular component, which could form the basis of nanotechnological applica-
tions in controlled drug delivery.

Figure 1. (A) SAXS data for 
the 2-mediated assembly of 
1/Au in solutions at three different 
concentration ratios (r = 2.5 (a), 10 
(b), and 400 (c)). Curve d is for 1/Au 
solution. Inset: a magnified view of 
the peak region. (B) UV-Vis spectral 
evolution for the assembly of Aunm 
upon addition of 2 (T = 5 ˚C). The 
spectral evolutions were recorded 
within the time frame of one hour.

Scheme 1. A schematic illustration 
of the mediation-template strategy 
for 2-mediated assembly of 1-
capped gold nanoparticles. The 
bottom image shows an example of 
the assembly.
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Time-Resolved Morphology Development of Tri-axial 
Reinforced Epoxy Montmorillonite Nanocomposites 
in Uni-Axial Magnetic Fields
H. Koerner1, E. Hampton2, D. Dean2, Z. Turgut3, L. Drummy4, P. Mirau4, and R.Vaia4
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Numerous papers and patents have been published on polymeric nanocom-
posites. However, extensive research has not yielded nanocomposites with 
vastly improved properties, as was envisioned, but has instead mimicked the 
results of conventionally filled systems. This is mostly due to a poor nanopar-
ticle-matrix interface and the lack of control over dispersion and orientation of 
nanofillers to an extent comparable to what has been accomplished in continu-
ousfiber reinforced composites. Utilizing the orthogonal magnetic susceptibility 
of Montmorillonite nanocomposites (MMTs) from different deposits with com-
parable Fe content (3.4%), we have generated a three-dimensional morphol-
ogy composed of orthogonally aligned aluminosilicate layers from a mixture 
of Montmorillonites subjected to a uniaxial external magnetic field. Depending 
on the source, MMTs exhibit remnant magnetization arising from antiferro- and 
ferromagnetic impurities, and align with their layers parallel or perpendicular 
to the field.  In-situ X-ray measurements show that within a few minutes an 
applied static magnetic field (1.2 or 11.7 Tesla) induces the stable alignment 
of an organically-modified MMT within an epoxy resin at room temperature. 
Structural relaxation is orders of magnitude slower. Overall, these studies 
demonstrate that a critical component of the chemistry in these nanofillers 
has been overlooked in the past. Remarkably minor compositional differences 
may allow researchers to explore many more possible techniques to address 
nanocomposite issues.

Real-time x-ray experiments were carried out at beamline X27C at the NSLS 
using a marCCD detector at a sample-to-detector distance of 82.5 cm. Two 
types of layered silicates, Southern Clay MMT modified with octadecylamine 
(SC18) and Nanocor I30.E (NC18), were dispersed in epoxy (an Epon 862 
monomer) via sonication and high-shear mixing. After additional short mixing 
with a curing agent and subsequent degassing, the suspensions were depos-
ited into x-ray capillaries for use in a 1.2-Tesla rare-earth permanent magnet.

The morphology response to the application of the magnetic field at room 
temperature (~ 27oC) was monitored in-situ by positioning the magnet such 
that the x-ray beam passed between the poles of the magnet and through the 
capillary. The capillaries were dropped into the magnetic field remotely via 
a solenoid switch and a paper clip attached to the top of the capillary. After 
alignment, the capillary was removed from the magnet and repositioned within 
the beam to examine the degree of randomization, or was fixed by a two-stage 
curing reaction (120 oC for 2 hours; 175 oC for two hours).

Figure 1 reveals that alignment of the 3 wt% SC18/NC18 mixture is 90% 
complete after 10 minutes in the 1.2-Tesla magnetic field at room temperature. 
Figure 1a shows a series of x-ray patterns at three-minute time intervals dur-
ing the alignment process of that mixture. The final pattern was taken after a 
complete cure cycle and shows the partial exfoliation of the system, with the 
d-spacings of the galleries increasing from 3.7 nm to 12.5 nm. For this mix-
ture, a two-dimensional contour plot of azimuthal scans at the d001 reflections 
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↓curing

is shown in Figure 1b. This plot emphasizes the rapid formation of the four-point 
pattern, which reflects triaxial reinforcement by the OMM layers. A plot of the in-
tensity of the d001-layer diffraction at an azimuthal angle of 0 degrees (meridian) 
(Figure 1c) shows that steady-state alignment of the SC18/NC18 mixture (3wt% 
total) within the 1.2-Tesla magnetic is achieved after 15 minutes. This time scale 
is very similar to other OMMs and no indication of faster or slower orientation 
has been observed. 

These experiments also show that once alignment has been achieved the 
sample does not quickly relax back to its random alignment, which is in agree-
ment with rheology studies on similar systems. Alignment is possible in several 
solvents (Toluene, water) and epoxy monomers (Epon 862, Epon 828). The slow 
relaxation behavior is to be expected, considering the matrix viscosity and the 
Brownian motion of particles at room temperature. Rotational diffusion is hin-
dered by particle-particle interaction and the high viscosity of the epoxy resin 
formulation. 

The magnetic field alignment does not affect the curing chemistry, which agrees 
with electric field experiments on the same system. 

Measurements on the coefficient of thermal expansion (CTE) confirm that mor-
phology control leads to significant differences depending on the alignment of 
the layered silicates, decreasing CTE the most in the direction of maximum MMT 
alignment. Understanding the detailed mechanism that leads to a change of the 
magnetic easy axis within layered silicates opens up opportunities to design 
novel synthetic layered silicates with unusual magnetic properties.

Figure 1. a) A series of x-ray 
patterns of a 3 wt% SC18/NC18 
suspension in Epon 862 at room 
temperature. Orthogonal alignment 
of the two different clays starts at 
about five minutes. Beginning to 
end (left to right) is 30 minutes. The 
last image shows the fully cured 
nanocomposite with a false color 
HRTEM to the left; b) 2D contour 
plot with azimuthally averaged line 
scans through the gallery diffraction 
peak at 3.7 nm showing the four 
point pattern development with 
time; c) normalized intensity at 90 
degrees of azimuthal scan versus 
time for 3 wt% SC18, NC18 and 
SC18/NC18 in Epon 862.
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Magnetic multilayers exhibit a very diverse range of fundamental phenomena that 
underpin much of the data-storage technology we now rely upon, and are of great 
interest in the emergent technology of spin-electronics. Recently, techniques have 
allowed the patterning of such systems so that all three spatial dimensions are 
accessible and controllable at the nanoscale, but it is important to determine how 
the magnetic microstructure responds to the physical structures imposed upon it. 
Using soft x-ray magnetic resonant scattering we have studied this behaviour in a 
system in which the physical structure was deliberately patterned to observe the 
response of the magnetism to such a perturbation. We found that the magnetisation 
only tracks the highest Fourier components of the physical structure effectively.

It is well known that the competition between the interaction energies in 
a ferromagnetic material may lead to the formation of magnetic domains 
— regions in which there is microscopic ordering of the electron spin to 
minimise the free energy. If we then impose a physical in-plane pattern on this 
system, we will have additional competition introduced through the physical 
shape of the magnetic element. Such a situation has led to the proposal to use 
patterned arrays to provide ultra-high magnetic storage densities and move 
beyond the super-paramagnetic limit, in which the magnetic structure becomes 
thermally unstable (>100Gb/in2). 

To more fully understand this interaction we have prepared 
antiferromagnetically coupled multilayers of cobalt/ruthenium (Co/Ru) with a 
nominal structure [Co(4nm)/Ru(3.4nm)]x10 on top of a polystyrene (PS) line 
array. The array was produced by micro-contact printing, in which a mold is 
pressed into the PS at a pressure of 10 kPa to produce a line array with a 400 
nm period and a 1:1 mark/space ratio. The advantage of such a technique 
is that large-area patterning is readily achievable. A scanning electron 
micrograph of the completed sample is shown in Figure 1. 

Numerous techniques exist to study the structural morphology of multilayers. 
However, studying the magnetic structure of the buried layers of this patterned 
Co/Ru multilayer requires a scattering technique such as soft x-ray resonant 
magnetic scattering (XRMS). By tuning the incident photon energy to the LIII 
absorption edge of the Co (778eV) we can observe both structural morphology 
and the cross-correlation of the magnetic structure with the physical structure. 
The diffraction pattern from such a grating structure is shown in Figure 2a. 
In the XRMS measurement we can either change the helicity of the circularly 
polarized photons or reverse the magnetization of the sample (curves I+, I- in 
Figure 2a). The sum of these two data (Figure 2b) is related to the self-
correlation of the physical structure whilst the difference is sensitive to the 
cross-correlation of the physical and magnetic structures. A very sensitive 
measure is then to plot the asymmetry ratio (I+-I-)/(I++I-) (Figure 2c). Only the 
first harmonic is present in Figure 2c, clearly showing that the magnetic in-
plane wave form is significantly different from that of the structural one. The 
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Figure 1. A scanning electron 
micrograph of the multilayer-coated 
PS line array. The inset shows the 
magnetization loop, measured by 
MOKE, parallel and perpendicular 
to the line direction. Parallel 
to the lines is a slightly easier 
magnetization axis.

Figure 2. (a) The diffraction pattern 
from the PS line array. QX is the 
in-plane momentum wave-vector 
transfer (parallel to the sample 
surface). The two curves represent 
the magnetization of the sample. (b) 
The average and difference of the 
data presented in panel (a). (c) The 
asymmetry ratio as defined in the 
text showing the strong suppression 
of the higher-order Fourier 
harmonics.
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results suggest that the magnetic structure only tracks the gross features of the 
physical structure, i.e. the fundamental period of the physical grating. However, 
it does not track the finer details that are present in the structural data as higher 
order harmonics (Figure 2b), but are very weak in the asymmetry ratio (Figure 
2c).

We are complementing these measurements by using polarized neutron 
scattering, magnetic microscopy, and micromagnetic simulations. This apparent 
smoothing of the magnetic structure must be accounted for in any patterned 
recording media based on this type of technology.
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Crystallization and Melting Behavior of Poly
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We studied the crystallization behavior of poly(ε-caprolactone) (PCL) in a phys-
ically confined system, the self-assembly of poly(ε-caprolactone)/polystyrene-
b-poly(ethylenepropylene) (PCL/PS-PEP) blends, using simultaneous small-
angle x-ray scattering (SAXS) and wide-angle x-ray diffraction (WAXD). The 
glassy PS-rich phases effectively confined the PCL crystallization due to the 
localization behavior of PCL. Contrary to a typical microphase-separated mor-
phology of semi-crystalline copolymers (i.e. a chemically confined system), the 
physically confined system for the crystallization of PCL provides a representa-
tive system for understanding crystallization behavior under spatial confine-
ment. With effective confinement, the crystalline chains of PCL appeared in a 
random orientation at low crystallization temperatures but in a parallel orienta-
tion at high crystallization temperatures. 

Crystallization behavior under nanoscale confinement has drawn attention due 
to the necessity of having a basic understanding of crystallization in order to 
develop nanotechnology applications. In particular, the crystallization behavior 
of semi-crystalline block copolymers, in which at least one of the constituted 
blocks is crystallizable, has been thoroughly studied as illustrated in Figure 
1a (namely, a chemical confinement). By contrast, the unique morphology with 
a crystallizable PCL component localized between the lamellar microdomains 
of PS-PEP gives rise to a specific crystallization environment in which the 
crystallization is carried out in a nanometer-scale confined environment without 
the restraint of a chemical connection (Figure 1b, a physical confinement). 
This unique morphology, a crystallizable PCL component localized favorably 
within PS-rich constituted lamellar in a PS-PEP block copolymer, has been 
obtained via melt-mixing in a MiniMax mixer. Shear (velocity), vorticity, and 
velocity gradient directions are labeled x, y, and z, respectively. Two-dimen-
sional SAXS patterns along the x, y, and z directions indicate that microphase-
separated microdomains can be oriented after melt-mixing, as illustrated in 
Figure 2 for PCL11/PS-PEP blends (the Mw of PCL11 is 11000g/mol). Up to 
four orders of lamellar scattering peaks (q/q* = 1 : 2 : 3: 4) can be identified 
when the incident x-ray beams are along x and y, as shown in Figures 2a and 
2b. By contrast, we found no significant scattering peak along the z direction in 
the two-dimensional SAXS pattern (Figure 2c). These two-dimensional SAXS 
results indicate that microphase-separated lamellae of PCL11/PS-PEP are 
aligned parallel to the x-y plane (i.e. the shear plane). Moreover, the oriented 
microphase-separated lamellar microstructure was preserved after PCL crys-
tallization so that the PCL is completely confined in the PS-PEP lamellar layer.

For PCL crystallization at low crystallization temperatures (for instance, at Tc= 
-20oC), the two-dimensional WAXD patterns exhibit a typical ring pattern in all 
directions, suggesting that PCL crystals appear randomly oriented under con-
finement. However, a specific orientation of the PCL crystals can be identified 
when the shear-aligned samples are crystallized at high crystallization temper-
atures (for instance, 40oC). Two-dimensional WAXD patterns along the x and 
y directions are practically identical, and exhibit oriented features (Figures 2d 
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and 2e). Only an isotropic ring pattern along the z direction was observed (Fig-
ure 2f). On the basis of the orthorhombic lattice structure of PCL crystals with a 
unit cell of a=0.749 nm, b=0.498 nm, c=1.703 nm, and α = β = γ = 90o, the cor-
responding reflections were identified as {110} and {200}. The azimuthal profiles 
(Figure 3a) were obtained from the two-dimensional WAXD pattern (Figure 
2d). The intense {110} diffraction peaks are separated into four diffraction arcs 
and appear at Φ=56o, 124o, 236o, and 304o, and two {200} reflections appear 
at Φ=0o, 180o, respectively. According to the azimuthal results, the diffraction 
pattern is illustrated in Figure 3b. The fiber-pattern-like diffractions suggest a 
parallel-type orientation with PCL crystalline chains parallel to the microphase-
separated lamellae (i.e. the x and y directions). Figure 3c shows the molecular 
disposition of crystalline PCL chains, and indicates their parallel orientation 
at high crystallization temperatures in a physically confined environment. The 
crystalline orientation is strongly dependent upon the crystallization temperature 
under physical confinement. As a result, the orientation of the PCL crystalline 
chain localized between the PS-PEP layers can be thoroughly understood by 
two-dimensional SAXS and WAXD techniques at a synchrotron light source.

Figure 3. (a) Azimuthal scanning 
profiles of the {110} and {200} 
reflections of the WAXD patterns in 
Figure 2d for the PCL11/PS-PEP 
blends isothermally crystallized at 
40 °C. (b) Schematic diagram of 
the WAXD pattern with indexed 
reflections. (c) Schematic 
diagram of the microstructure of 
oriented PCL11/PS-PEP samples 
isothermally crystallized at 40oC 
from ordered melt at 100oC. The 
crystallization of PCL is confined 
between the preformed lamellar 
PS layers, and the a and c axes of 
the PCL crystals are preferentially 
parallel and perpendicular to the 
axes of the PS lamellar normal, 
respectively.

Figure 1. Schematic pictures of 
(a) chemical confinement and (b) 
physical confinement.

Figure 2. Simultaneous SAXS 
and WAXD patterns of orientated 
PCL11/PS-PEP samples 
isothermally crystallized at 40oC 
from ordered melt at 100oC. 2D 
SAXS (top row) and 2D WAXD 
(bottom row) obtained (a,d) along 
the x-direction, (b,c) along the 
y-direction, and (c,f) along the 
z-direction.

(a)   Chemical Confinement

(b)   Physical Confinement
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Jamming and Crystallization of Polymeric Micelles
T. Nicolai1, F. Laflèche1, and A. Gibaud2

1Polymères, Colloïdes, Interfaces, UMR CNRS, Université du Maine, France; 2Laboratoire de Physique de l’Etat 
Condensé, UMR CNRS, Université du Maine, France 

Polymeric micelles formed by hydrophobically end-capped poly(ethylene 
oxide) (PEO) copolymers in water show a discontinuous liquid-solid transi-
tion, which occurs above a critical concentration that increases with increasing 
temperature. The solid state contains a body-centered cubic phase in equilib-
rium with a disordered phase. The fraction of crystalline phase increases with 
increasing concentration and decreasing temperature. A comparison of the 
structure and the rheology during cooling shows that the micelles jam before 
the ordered phase is formed. The discontinuous liquid-solid transition and 
the distinct bcc phase over a wide range of concentrations are not observed 
for true star polymers. The difference is perhaps due to the adjustment of the 
number of arms in the case of close packed polymeric micelles.

Polymeric micelles are formed by the association of block copolymers with a 
relatively small insoluble block. They show an abrupt transition from a free-
flowing liquid to solid-like behaviour above a critical concentration or below a 
critical temperature. Generally, liquid crystalline order is observed in the solid 
state. The coincidence between the liquid-solid transition and the appearance 
of liquid crystalline order has induced some authors to conclude that the solidi-
fication is a result of micelle ordering. The objective of our work was to investi-
gate in more detail the correspondence between the liquid-solid transition and 
the formation of the ordered phase. 

We studied poly(ethylene oxide) (PEO) with a molar mass of 4500 g/mol that 
was end-capped with octadecyl. In water, this polymer forms micelles contain-
ing 24 chains. With increasing polymer concentration, the viscosity increases 
similarly to that observed for equivalent star polymers. However, above a criti-
cal concentration that increases with increasing temperature, a discontinuous 
transition is observed and PEO goes from a viscous liquid to a solid that does 
not flow when the sample is tilted. The transition, which can also be observed 
by cooling the sample at a fixed concentration, is fast at temperatures far 
below the critical value, but can take more than 10 hours just below the critical 
temperature. 

Small-angle x-ray scattering (SAXS) shows narrow Bragg peaks in the solid 
state, indicating a body-centred cubic phase. However, the amplitude of the 
peaks is very small when the sample is close to the transition and becomes 
progressively larger with increasing concentration or decreasing temperature. 
The underlying amorphous structure can still be clearly distinguished, showing 
that the solid contains both a crystalline and a disordered phase in equilibrium. 
The position of the Bragg peaks is independent of the temperature, but shifts 
to lower scattering wave vectors with increasing concentration. The concentra-
tion dependence of the peak position shows that the aggregation number of 
the micelles in the solid state increases with increasing concentration. 

Figure 1 shows, for the same concentration (300 g/L), a comparison of the 
variation of the shear modulus and the structure factor during a cooling ramp. 
It is clear that the liquid-solid transition occurs at a higher temperature than 
the formation of the bcc phase, even though the cooling rate was much faster 
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for the shear measurement. This implies that the crystalline phase is formed 
only after the micelles have jammed and, thus, that the formation of the ordered 
structure is not the origin of the liquid-solid transition. 

Polymeric micelles resemble multi-arm star polymers and their behavior is 
similar at low-volume fractions. The viscosity of true star polymer solutions in-
creases steeply above the overlap concentration, but the increase is continuous. 
In addition, liquid crystalline order is rarely, and only with difficulty, observed 
for concentrated star polymers. The essential difference between star polymers 
and polymeric micelles is that in the latter case the number of arms is variable, 
which gives the system an extra degree of freedom to minimize the free energy. 
This is probably the origin of the observed differences.

Figure 1. Comparison of the 
evolution of the shear moduli (top) 
and the SAXS spectra (bottom) 
during cooling for suspensions 
of polymeric micelles at 300g/L. 
The cooling rate for the rheology 
experiment was faster (5 degrees/
min) than for the SAXS experiment 
(less than 1 degree/min).
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Characterization of Ionomer Compatibilized Blend 
Morphology Using Synchrotron Small-Angle X-ray 
Scattering
G.C. Gemeinhardt and R.B. Moore

Department of Polymer Science, The University of Southern Mississippi

Synchrotron small-angle x-ray scattering (SAXS) was used to characterize 
the morphology of a non-crystalline polyester/polyamide blend. The blend’s 
components were made compatible via the addition of a sulfonated, polyester 
copolymer (that is also an ionomer). We used a two-component correlation 
function to provide detailed information on the size and structure of the phase-
separated domains. With increasing ionic functionality, achieved by varying ei-
ther the ion content or the ionomer loading, the sizes of the dispersed domains 
in the blends decreased. In addition, SAXS analysis of the 50/50 blend series 
indicated that the ionic incorporation led to a shift in the morphology to a more 
elongated, co-continuous structure.

While small-angle laser light scattering (SALS) has often been used to investi-
gate the micro-scale phase separation of polymer blends, small-angle neutron 
scattering (SANS) and small-angle x-ray scattering (SAXS) are particularly 
useful in the study of these complex heterogeneous systems due to their abil-
ity to probe much smaller size scales. Although SANS has been used to probe 
information such as the radius of gyration, correlation lengths, and Flory-Hug-
gins interaction parameters of blend components, recent reports have outlined 
the advantages of using synchrotron SAXS to measure these important blend 
parameters. The advantages of using SAXS over SANS include: the elimina-
tion of isotopic labeling, the high intensity/resolution that allows for fast data 
collection, and the ability to dynamically examine the phase-separation pro-
cess in real time.

In the area of blend compatibilization, research efforts using SAXS have been 
primarily limited to studying the effect of block copolymers on blend morphol-
ogy and interfacial properties. Here, we describe our efforts to apply synchro-
tron SAXS to an amorphous polyester (PETG)/polyamide (T40) blend system. 
This system is compatibilized through the incorporation of an ionomer (known 
as SPETG) that bears charged groups capable of forming strong, specific 
intermolecular interactions with the uncharged, polar blend components. In 
these blends, the specific interactions (Figure 1) act at the interface to lower 
the interfacial tension and thereby lower the domain size of the dispersed 
phase.

With SAXS, we investigated the morphological features of the blends using 
the Debye-Bueche scattering theory, employing a two-parameter correlation 
function. The resulting scattering curves of the binary blends are shown in Fig-
ure 2. The solid lines represent the nonlinear regression fits (using the inset 
equation) to the scattering data and show the excellent agreement between 
the theoretical and experimental curves. As shown in the inset graph, the two-
parameter correlation function divides the scattering into contributions from 
short-range (a1) and long-range (a2) fluctuations present in the system. The 
relative contribution of each is described by the fractional contribution term, f.  

In comparison to the blend with pure PETG, the scattering curves for the 

Authors (from left) Robert Moore and 
Greg Gemeinhardt



2-86 Soft Condensed Matter and Biophysics Science Highlights      2-87 

SPETG/T40 samples show a prominent increase in intensity at small values 
of q. This scattering behavior indicates a decrease in the dimensions of the 
dispersed phase with the incorporation of functional groups capable of forming 
intermolecular interactions. From the fits for the SPETG/T40 blend series, the 
short-range correlation length decreases by 17.6% with increasing ion content, 
which indicates that the size of the minor phase domain becomes smaller with 
increasing ion content. In contrast, the long-range correlation length remains 
relatively constant, while the interfacial surface area of the minor phase (cal-
culated from the volume fractions and values of a1) increases dramatically with 
increasing ion content. These trends suggest that the minor phase adopts a 
more elongated structure and indicate the onset of dual-phase continuity with 
increasing ion content. A SAXS analysis of the ternary blends containing less 
than 10% ionomer indicates that these blends behave like the binary blends with 
varying ion content, as both methods of blending vary only the concentration of 
ionic functional groups in the blend.

Figure 2. SAXS profiles for the 
50/50 polyamide/polyester binary 
blends: T40/PETG (•), T40/
1.9SPETG (▼), T40/3.0SPETG 
(■) and T40/5.5SPETG (♦). Lines 
represent the fits to the data from 
the nonlinear regression analysis 
using the inset equation. The 
inset graph shows the relative 
contribution of the short-range and 
long-range correlation terms in the 
nonlinear regression analysis of the 
measured intensity profiles.

Figure 1. Role of the ionomer 
(SPETG) in the compatibilization 
of 50/50 blends of polyamide(T40) 
and polyester(PETG) binary system. 
Optical micrographs (left) show 
that the ionomer yields a profound 
decrease in dispersed phase size 
(i.e., below the resolution limit of 
visible light microscopy/scattering 
methods).
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Control of Surface Properties Using Fluorinated 
Polymer Brushes Produced by Surface-Initiated 
Controlled Radical Polymerization
L. Andruzzi1, A. Hexemer2, X. Li1, C.K. Ober1, E.J. Kramer2, G. Galli3, E. Chiellini3, and D. Fischer4
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Fluorinated polymers possess the important technological property of having 
very low surface energy. One familiar fluoropolymer is Teflon. When a surface 
prepared using a polymer that contains a fluorinated component is thermally 
annealed above its glass transition temperature, the low-energy fluorinated 
component will migrate to the air-coating interface. We are interested in fluo-
rinated block copolymers for the creation of environmentally friendly, fouling-
resistant coatings for marine applications. Anyone who owns a boat will know 
that it can quickly foul, that is, its hull can become coated with a biofilm cre-
ated by marine flora and fauna. Fluoropolymers may permit the easy removal 
of foulants without the need for the toxic materials presently used in marine 
coatings. In a prime candidate for such a coating, surface segregation of a 
fluorinated block in a block copolymer can be effectively studied by near-edge 
x-ray absorption fine structure (NEXAFS) and detected by the presence of a 
sharp peak at 292.0 eV due to the C 1s → σ*C−F transition in the spectrum of 
Auger electron yield versus energy of the incident x-ray photon. In collabora-
tion with researchers from the National Institute of Standards and Technology 
(NIST), NEXAFS studies are proving vital in understanding the surface proper-
ties of fluoropolymers.

Grafting a fluoropolymer to a surface seems like an ideal way to coat a sub-
strate with a low-energy polymer. When a block copolymer containing a 
polystyrene block and a fluorinated block has the free end of the polystyrene 
block tethered to a substrate, and is then annealed under vacuum, there are 
surprising results. The mobility of the fluorinated block is so restricted due to 
chemical bonding with the surface that the air-polymer interface is populated 
with the higher surface-energy polystyrene block. These were some of the 
important findings in the paper by Andruzzi et al. [L. Andruzzi, A. Hexemer, 
X. Li, C. K. Ober, E. J. Kramer, G. Galli, E. Chiellini, D. A. Fisher, Langmuir, 
20, 10498-10506 (2004)]. Andruzzi and coworkers prepared fluorinated block 
copolymer brushes using surface-initiated controlled free radical polymeriza-
tion. The polymerization reactions were set into motion by initiator molecules 
covalently bound to a silicon substrate. The thicknesses of the brushes were 
found to be greater than the radius of gyration of the block copolymer mole-
cules. This indicated that the tethered polymer chains were densely packed on 
the surface and were in a stretched configuration. The dense packing was also 
evident when a surface with a tethered polystyrene block and a free fluorinated 
block had a NEXAFS spectrum almost identical to a fluorinated homopolymer 
surface. In other words, the polystyrene block in this case was hidden below at 
least the top 3 nm of the surface, the depth probed by NEXAFS. This was also 
confirmed by x-ray photoelectron spectroscopy measurements. 

The fluorinated block copolymers we studied are unique because of their 
liquid crystalline properties. The fluoroalkyl side-chains of the block copoly-
mer formed a liquid crystalline phase at the surface, with the -(CF2)- helices 
oriented at an angle to the surface. This orientation was quantified from the 
observed variation in the intensities of the peak at 292.0 eV with the angle of 
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incidence of the x-ray beam on the surface. We found that a longer fluorinated 
block resulted in a higher-order parameter of the -(CF2)- helix. The well-packed 
fluorinated brushes showed a remarkable stability against reconstruction of the 
non-polar surface when immersed in a polar environment such as water. There 
was only a small decrease in the water contact angle when the surfaces were 
immersed in water for a week.

We propose that, in addition to their fouling-resistant properties, surfaces bear-
ing tethered fluorinated polymer brushes could be used to fabricate analytical 
devices for microbiology studies, and to create devices for the separation or 
microfiltration of proteins.

Figure 2. Carbon K-edge NEXAFS 
spectra of (a) fluorinated brush, 
(b) block copolymer brush with 
polystyrene block tethered to 
surface, (c) block copolymer brush 
with fluorinated block tethered to 
surface, and (d) polystyrene brush.

Figure 1. Synthesis of surface-
grown fluorinated block copolymer 
brushes.
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NSLS Engineer John Skaritka Wins BNL’s 
Engineering Award
January 26, 2005

At the BNL Employee Recognition 
Award Ceremony held on January 
26, 2005, NSLS engineer, John 
Skaritka was presented with a 2005 
Engineering Award by BNL’s Deputy 
Director for Operations, Michael 
Bebon. The award, consisting of 
a plaque and $5,000, was also 
presented to BNL employees Ove 
Dyling, Joseph Harder, and Alan 
Raphael.

The award recognizes distinguished 
contributions to BNL’s engineering and computing objectives 
over one or more years. Contributions may be in any engineer-
ing or computing discipline. Nominees are evaluated on the 
exceptional nature and level of difficulty of the contributions as 
well as their benefit to the Lab. 

John Skaritka was cited for a body of work that contains semi-

Short Course Participants Learn the Value of 
Synchrotron Light for Powder Diffraction
January 25-27, 2005

Fifteen participants recently attended the High Resolution 
Powder Diffraction Data Collection and Analysis Short Course, 
which was held at the NSLS from January 25-27, 2005. The 
3-day course consisted of lectures, guest talks, hands-on data 
collection, and data analysis, and was co-organized by Peter 
Stephens (Stony Brook), Christie Nelson (NSLS), and Chi-
Chang Kao (NSLS), with administrative support provided by 
Corinne Messana (NSLS).

The 15 participants included graduate students, post-docs, and 
scientists from national labs and universities. While most of the 
students were familiar with lab-based powder diffraction tech-
niques, very few had synchrotron experience. The participants 
were all quite eager to learn about the impact that synchrotron-
based powder diffraction could have on their own research.

The lectures were presented by Peter Stephens, Pat Wood-
ward (Ohio State), and John Parise (Stony Brook), and covered 
the basic physics of powder diffraction, experimental aspects 
of data collection, Rietveld refinement, and indexing. In addi-
tion, specialized talks on cutting edge research on high-pres-
sure, high-temperature, and time-resolved powder diffraction 
were given by guest speakers Yongjae Lee (BNL-CMP), Cam 
Hubbard (ORNL), and Jonathon Hanson (BNL-Chemistry), 
respectively.

The hands-on data collection component of the course was 
carried out on NSLS 
beamlines X3B1, 
X7A, and X14A, with 
beamline instructors 
Peter Stephens, 
Yongjae Lee, and Ji-
anming Bai (ORNL), 
respectively. The 
participants first 
learned about beam-
line operation and 
sample preparation, 

and then collected 
data from a co-
rundum standard.  
Next, the par-
ticipants collected 
high-resolution data 
from samples of 
interest in their own 
research projects.

In addition to the 
lectures and data 
collection, the participants also spent time learning about data 
analysis techniques. “Homework” assignments included refin-
ing the corundum standard data as well as additional data sets, 
and then students tackled the data obtained from their own 
samples. The participants were greatly aided in the completion 
of these tasks by their three lecturers.

At the end of the intensive three-day course, the participants 
left with a foundation of knowledge about applying high-resolu-
tion powder diffraction to their own research projects. Many 
expressed interest in becoming NSLS general users, and we 
look forward to seeing them back here soon.

The organizers would like to thank the lecturers, guest speak-
ers, beamline instructors, Elaine Dimasi (NSLS), Jae-Hyuk Her 
(Stony Brook), Corinne Messana, and the NSLS User Adminis-
tration Office and safety staff for all of their help in making the 
short course such a success.

— Christie Nelson

Participants of the 2005 High Resolution Powder Diffraction Data Collection and 
Analysis Short Course

Data collection at beamline X3B1

Setting up at beamline X7A

John Skaritka
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Unique Global Light Source Website 
Launched 
February 17, 2005 

On February 17, 2005, the international light source community 
launched the first website dedicated to providing the media, 
general public, and scientific community with the latest news 
and information on the world’s accelerator-driven light sources 
(synchrotrons and free-electron lasers) and the science they 
produce. 

The web site — 
www.lightsources.org 
— was developed and is 
jointly maintained by the 
Light Source Communica-
tors Group, whose mem-
bers represent the world's 
light source facilities in 

Europe, North America and Asia. Funding for the project is 
provided by science funding agencies of many nations.

Accelerator-driven light sources can be large, roughly circular 
machines or linear machines (usually about the size of a foot-
ball field to much larger) that accelerate electrons to almost the 
speed of light. They act like gigantic microscopes that generate 
intense beams of brilliant light to view the microstructure of 
materials.

Light sources around the world are advancing research and 
development in fields as diverse as medicine, drug design, 

nal as well as sustained contributions. His many achievements 
speak collectively to outstanding breadth, creativity, drive, and 
dedication in support of BNL missions.

Skaritka was the sole mechanical engineer for BNL’s Accelera-
tor Test Facility (ATF) for many years, making key contributions 
to the design of elements of the accelerator and experiments 
that were essential to the success of those projects. He con-
tributed to the design of ATF Gun III and Gun IV, regarded now 
as standard in the world and running at many other facilities.

He was also the mechanical engineer in charge of coordinating 
all mechanical design, fabrication, and installation activities at 
the Source Development Laboratory, resulting in a state-of-the 
art facility that produced both a self-amplified spontaneous 
emission free electron laser and a high gain harmonic genera-
tion free electron laser.

Skaritka is also known for his considerable talent in supporting 
the NSLS User Science programs, recently, for example, in 
the construction of a unique instrument pivotal in research on 
three-dimensional strain mapping to study crack propagation 
and fatigue failure in alloys.

— Liz Seubert

environmental science, agriculture, minerals explorations, 
advanced materials, forensics, engineering, and materials 
fabrication.

Visit www.lightsources.org for the latest news releases on 
cutting-edge areas of advanced light source applications for 
science and technology from facilities around the world.

Anyone can subscribe free of charge to “News Flash,” which 
will email subscribers when news releases and other light 
source information are posted to the website. Also available on 
the website are an image bank of light source-related photos 
and graphics, clippings of news stories, links to light source 
facility websites, and relevant articles and presentations.  

Educators will find links to websites relating to light sources 
and the science conducted at these facilities. Researchers 
can find specific information regarding each light source facil-
ity, including job opportunities and events related to science 
outreach activities.

Sponsors of this collaborative project include:

• Advanced Light Source (ALS)

• Advanced Photon Source (APS)

• Canadian Light Source (CLS) 

• ELETTRA (Sincrotrone Trieste)

• European Synchrotron Radiation Facility (ESRF)

• Hamburger Synchrotronstrahlungs Labor (HASYLAB)

• National Synchrotron Radiation Research Center   
 (NSRRC)

• National Synchrotron Light Source (NSLS)

• Photon Factory (KEK Laboratory)

• Pohang Light Source (PLS)

• Stanford Synchrotron Radiation Laboratory (SSRL)

• SPring-8 

• Synchrotron Radiation Center (SRC)

• Synchrotron Ultraviolet Radiation Facility (SURF III)

• Swiss Light Source (SLS)

• The Free-Electron Laser at the Thomas Jefferson National  
 Accelerator Facility (JLab)

X6A Workbench Provides Hands-On Train-
ing in Synchrotron Crystallography
March 1-4, 2005

Beamline X6A, the National Institute of General Medical Sci-
ences facility at the National Synchrotron Light Source, offers 
comprehensive hands-on training in synchrotron data collec-
tion and analysis for biophysicists, biochemists, and molecular 
biologists.
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The first “The X6A 
Workbench: Advanced 
Structural Biology Tools” 
workshop took place this 
year from March 1-4. 
Participants practiced 
cryogenic protection of 
their samples and learned 
how to load sample 
cassettes for the X6A au-
tomounter. The program 
followed with hands-on 
crystallography data 
collection and analysis. 
Molecular replacement 
and multiwavelength 
anomalous diffraction 

(MAD) software suites were discussed. Participants screened 
their own samples and applied the new data-analysis concepts 
introduced during the workshop.  

The X6A workbench is regularly offered throughout the year.  
The other three workshops were held on April 26-29, July 12-
15, and October 25-28. For more details and registration infor-
mation, go to: http://protein.nsls.bnl.gov/news/workbench.php.

— Vivian Stojanoff

X6A Workbench: Advanced Structural 
Biology Tools workshop participants

BNLers Help Promote Community Interest 
in Science
March 4, 2005

Two BNL “Peters” — Peter Wanderer of the Superconducting 
Magnet Division and Peter Takacs of the Instrumentation Divi-
sion — are not only passionate about doing their own science 

but also about spreading the fascination of science to others in 
the community. That’s how they came to join a group of people 
who formed a board and set up the Long Island ScienCenter, a 
new science museum in Riverhead.

“It’s been a busy time,” says Wanderer. “We are still working on 
the museum and getting more exhibits.” Through the BNL Sci-
ence Museum, some key current exhibits have been lent to the 
ScienCenter by the Lab, for example, the Videosphere.

“The BNL Science Museum staff and directors, first Janet Tem-
pel, then Dolores O’Connor, and now, Gail Donoghue, have 
been very helpful,” Wanderer says.

Another BNLer, retiree Marty Woodle, now a National Syn-
chrotron Light Source Department guest scientist, is a keen 
ScienCenter supporter. Woodle most recently volunteered his 
help with a bridge-building program held in late February.

“This March, the ScienCenter is presenting an adult lecture 
series open to the public, with three interesting talks,” says 
Takacs. “I believe people at BNL would enjoy them.”

Three LI ScienCenter Lectures, March 4, 11, and 18 were:
• March 4: “Wine: Science or Magic,” Louisa Thomas Hargrave, 
founder of the first winery on Long Island.

• March 11: “The History and Destiny of Fisheries near Long 
Island and in the World,” Carl Safina, President, Blue Ocean 
Institute, Cold Spring Harbor.

• March 18: “The Adventure of Wildlife Photography,” George 
Loweth, professional photographer.

— Liz Seubert

Three BNLers who volunteer time with the Long Island ScienCenter are (from 
left) Peter Takacs, Marty Woodle, and Peter Wanderer, who are examining model 
bridges used for demonstration during a recent bridge-building program at the 
ScienCenter. The bridges are loaned by BNL’s Office of Educational Programs 
(OEP), examples of previous years’ bridges made for BNL’s annual high-school 
model bridge-building contest. Woodle, a founder technical advisor in the 
organization of the contest, helped OEP in this past year’s event that was held 
on March 12.

Scientists Create, Study Methane Hydrates in 
“Ocean Floor” Lab
Data may help develop strategies for mining natural gas 
locked up in seafloor sediments
March 13, 2005

Scientists at BNL have recreated the high-pressure, low-tem-
perature conditions of the seafloor in a tabletop apparatus 
for the study of methane-hydrates, an abundant but currently 
out-of-reach source of natural gas trapped within sediments 
below the ocean floor. Michael Eaton, a Stony Brook University 
graduate student working for Brookhaven chemist Devinder 
Mahajan, presented a talk outlining the use of the apparatus 
for the creation and study of methane hydrates during a special 
two-day symposium co-organized by Mahajan at the 229th Na-
tional Meeting of the American Chemical Society in San Diego, 
California. The talk took place on Sunday, March 13, at 3:05 
p.m. in room Madeleine C-D of the Hyatt Regency. 

“The amount of natural gas that is tied up in methane hydrates 
beneath the seafloor and in permafrost on Earth is several 
orders of magnitude higher than all other known conventional 
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Devinder Mahajan (left) and Michael Eaton

sources of natural gas — enough to meet our energy needs for 
several decades,” Mahajan says. But extracting this resource 
poses several challenges. 

For one thing, methane hydrates — which are ice-like cages 
made of water molecules surrounding individual methane 
molecules — are only stable at the very low temperatures and 
high pressures present at the ocean floor. “If you try to bring it 
up, these things fizzle and decompose, releasing the trapped 
methane,” Mahajan says. 

So a multi-agency team led by the Department of Energy — as 
part of its mission to secure America’s future energy needs 
— is trying to learn about the conditions necessary for keeping 
hydrates locked up so they can be extracted safely and tapped 
for fuel. 

Mahajan’s group has 
built a vessel that 
mimics the seafloor 
temperature and pres-
sure conditions, where 
they can study the 
kinetics of methane 
hydrate formation and 
decomposition. Unlike 
other high-pressure 
research vessels, the 
Brookhaven apparatus 
allows scientists to 
interchange vessels 
of different volumes, 
study even fine sedi-
ments, and visualize 
and record the entire 
hydrate-forming event 

through a 12-inch window along the vessel. In addition, mass-
balance instrumentation allows the Brookhaven group to collect 
reproducible data in the bench-top unit. Even better, Mahajan 
says, they can study the kinetics in actual samples of sediment 
that once contained hydrates — as close to the natural condi-
tions as you can get in a lab. 

“You fill the vessel with water and sediment, put in methane 
gas, and cool it down under high pressure. After a few hours, 
the hydrates form. You can actually see it. They look like ice, 
but they are not. They are stable at 4 degrees Celsius,” he 
explains. 

One further advantage of doing this work at Brookhaven Lab 
is that the scientists can use the NSLS — a source of intense 
x-rays, ultraviolet, and infrared light — to measure physical 
characteristics of the sediments under study. Using x-ray com-
puted microtomography, the scientists gain information about 
the porosity and other physical characteristics that may affect 
the availability of nucleation sites where hydrates can form. 

Such data about hydrate formation in natural host sediment 
samples are scarce. By studying different samples and learn-

Ceria Nanoparticle Experiments at NSLS 
Promise Cleaner Fuel Future
March 15, 2005

Experiments on ceria (cerium oxide) nanoparticles carried 
out at BNL may lead to catalytic converters that are better at 
cleaning up auto exhaust, and/or to more-efficient ways of 
generating hydrogen — a promising zero-emission fuel for the 
future. Jose Rodriguez of the Chemistry Department presented 
results from two studies exploring the composition, structure, 
and reactivity of these versatile nanoparticles during the 229th 
National Meeting of the American Chemical Society on March 
15 in San Diego, California. This research was funded by the 
Office of Basic Energy Sciences within DOE’s Office of Sci-
ence.

After using a novel technique to synthesize the ceria nanopar-
ticles, Rodriguez and coworkers Xianqin Wang and Jonathan 
Hanson, also both of Chemistry, used beams of x-rays at the 
NSLS to study how their composition, structure, and reactivity 
changed in response to doping with zirconium in one case, and 
impregnation with gold in another.

“In a catalytic converter, ceria acts as a buffer, absorbing or 
releasing oxygen depending on the conditions of the engine 
to maintain the catalyst in its optimum operating condition for 
converting harmful emissions such as carbon monoxide and 
nitrogen oxide to carbon dioxide and nitrogen gas,” Rodriguez 
said. Others have found that adding zirconium improves ceria’s 
ability to store and release oxygen.

The studies at the NSLS explain why zirconium changes 

ing what combinations of pressure and temperature keep the 
methane locked up, the scientists hope to identify ways to com-
pensate for the changes the hydrates experience as they are 
brought to the ocean’s surface so they can be extracted with a 
minimum loss. The comparisons of different sediment samples 
might also help pinpoint the most abundant sources of locked-
up methane. 

“It may be at least a decade before we can even think about 
mining these deposits, but answering these fundamental ques-
tions is certainly the place to start,” says Mahajan, who holds 
a joint appointment as a Stony Brook University professor. 
“This is a very important issue tied to our future national energy 
security.” 

This research was initially funded by Brookhaven’s Labora-
tory Directed Research and Development program and is now 
funded by the Department of Energy’s Office of Fossil Energy. 
The symposium on Gas Hydrates and Clathrates was co-spon-
sored by the Petroleum and Fuel Divisions of the American 
Chemical Society.

— Karen McNulty Walsh
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Jose Rodriguez

Jonathan Hanson

Xianqin Wang

What Do You Do At Work? 
Tom Seda: Bringing Bright Ideas to the Light Source

March 18, 2005  

This story was the first in a series entitled “What Do You Do at 
Work?” featuring BNL employees and their jobs at the Lab. 

When I first came to BNL in 1992, I was told that I’d be working 
on everything from plumbing to programming,” said Tom Seda, 
then a principal technician for the Power Systems Group at 
NSLS, specializing in  the Linac, the linear accelerator  that 

supplies the initial high energy electrons for the NSLS.  

While Seda has not yet worked on plumbing on the job, he 
has constructed and programmed a single-chip programmable 
logic device (PLD) to handle the timing that controls the Linac’s 
electron gun. The PLD replaces three logic chassis that control 
the release of electrons from the electron gun, the origin of 
electron bunches for x-rays, infrared light and ultraviolet light 
for experiments at the NSLS.  

Seda is now a senior technical specialist assigned to the 
Operations Group at the NSLS and his primary task is to 
work on a new design for the extraction magnets of the NSLS 
Booster Ring. The current magnets — which kick electron 
bunches at an energy of 800 MeV into the NSLS storage rings, 
where the energy is ramped up to 2.8 billion eV — are encased 
in a vacuum chamber.  

“The problem with the 
current design is the 
short power pulse has 
to be fed through long 
conductors to get into 
the vacuum-encased 
pulse magnet, known 
as a kicker. That’s 
not an efficient way 
to bump the beam,” 
Seda said. “I’m going 
to try to redesign the 
system with the pulse 
magnet outside the 
vacuum chamber.  
That  would  make 
storing the beam 
much  less trouble-
some.”  

The kicker magnets date back to 1983, when the Booster was 
built, and they are constructed with the standard ferrites that 
were available at the time. Seda is now investigating newer 
ferrites for these magnets — specific ferrite alloys currently 
manufactured for the next generation high-energy accelerators. 
“We may be able to reconfigure our current bunch patterns with 
the faster kicker magnets,” he said.

“I’m researching the current papers on kicker designs as well 
as speaking with the scientist and design engineers at other 
national laboratories,” said Seda. “They have been very helpful 
in identifying vendors who may have the materials and manu-
facturing skills needed for the new design.”

In the past, Seda had constructed and tested a new modulator 
for the Deep Ultraviolet Free Electron Laser energy upgrade, 
and he worked on two klystron units in the accelerator Test 
Facility, which supply RF power to a linear accelerator for 
advanced laser experiments. Among his suggestions was to 
replace the PCB-contaminated oil in the klystrons with biode-
gradable oil.

Tom Seda

the ceria’s structure to increase 
the number of oxygen “vacancies” 
— or places for oxygen uptake and 
release.

Furthermore, Rodriguez said, “The 
ceria nanoparticles we studied have 
much better performance, higher 
chemical reactivity, than the bulk 
form of ceria currently used in cata-
lytic converters.”

Thus, this research holds promise 
for more efficient catalytic converters 
— and cleaner air.

In the second study, Wang, Hanson, 
and Rodriguez deposited gold on the 
surface of ceria nanoparticles and 
used x-rays at the NSLS to deter-
mine the catalyst’s “active phase” 
— the conformation responsible for 
the catalytic activity — in the conver-
sion of water and carbon monoxide 
to hydrogen gas and carbon dioxide.

This “water-gas shift” reaction is 
important for generating hydrogen, 
which can be used for chemical 
transformations and as a fuel in a 
hydrogen-based economy. Hydrogen 
is one of the leading energy sources 
being investigated by scientists 
sponsored by DOE as part of its 
mission to ensure the nation’s future 
energy needs.

“In both cases, we are learning about 
the fundamental conditions neces-

sary for optimal operation of the catalysts,” Rodriguez said. 
“This kind of knowledge eventually will lead to a rational design 
of even more effective catalysts.” 

— Karen McNulty Walsh
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Seda also helped to test the Marx generator section of the 
Sandia Pulser Terra Watt Laser, which BNL tested for DOE’s 
Sandia National Laboratory. For his exceptional job perfor-
mance on this project coupled with helping recover the NSLS 
after only one week of downtime due to an equipment fire, he 
is a two-time winner of the BNL Spotlight Award.

“Working as a technician at the NSLS brings opportunities to 
be involved in all aspects of electronics, with the added benefit 
of being involved in interesting and ever-changing projects,” 
Seda commented. “I love working firsthand with these amazing 
machines along with dedicated, talented employees who often 
go beyond what is expected of them on the job.”

Born in the Philippines, Seda, who is of Puerto Rican and 
Filipino descent, immigrated to the Bronx, NY, with his family 
when he was an infant. The first in his family to earn a college 
degree, he received a B.S. in electronic engineering technol-
ogy from the DeVry Institute of Technology, Chicago, Illinois, in 
1988. He then worked as a technician at Magnetico of Holts-
ville, NY, where his responsibilities included designing custom 
military-grade transformers and inductors, before he joined 
BNL in February, 1992.

Seda is married to Anna Seda, an administrative assistant in 
the Energy Sciences & Technology Department. The couple 
has an 8-year-old son and a 2-year-old daughter. Tom Seda is 
the president of the BERA Camping Club, and both Anna and 
Tom Seda are participants in the BERA kickboxing class of-
fered on site. In addition, he and his wife enjoy traveling abroad 
and going on cruises.

— Diane Greenberg

Brookhaven Town Honors Two BNL 
Scientists
March 22, 2005

Two BNL scientists — Rita Goldstein and Lisa Miller — were 
among 11 women honored for their accomplishments at the 
Brookhaven Town-sponsored Women’s Recognition Night at 
Brookhaven Town Hall on March 22. Goldstein and Miller were 
recognized for their contributions to science in the Town cer-
emony, which celebrates National Women’s History Month.

Lisa Miller, a biophysicist at the NSLS, uses infrared light and 
x-rays at the NSLS to study the chemical composition of bone 
tissue in diseases such as osteoarthritis and osteoporosis. She 
also investigates protein-folding diseases, such as Alzheimer’s 
disease and scrapie, the sheep form of mad cow disease, in 
which specific proteins in the brain fold into incorrect shapes 
and cause damage to brain cells.

Miller also plays an important role in science education and the 
public understanding of science. She often mentors students 
from high school to the postgraduate level. In addition, Miller 

is responsible for outreach activities on behalf of the NSLS, 
including publications, the website and tours. For example, she 
organizes an annual open house at the NSLS for BNL’s Sum-
mer Sundays, when the Lab’s facilities are open to the public.

“I am very pleased to receive this honor from Brookhaven 
Town,” Miller said. “I’m glad that my research is recognized, 
and I am happy that many of 
the students I’ve mentored 
have chosen to pursue scien-
tific careers.”

Miller earned a B.S. in 
chemistry from John Carroll 
University in 1989, an M.S. in 
chemistry from Georgetown 
University in 1992, and a 
Ph.D. in biophysics from the 
Albert Einstein College of 
Medicine in 1995. After serv-
ing as a postdoctoral fellow at 
Lawrence Berkeley National 
Laboratory and BNL, she 
joined BNL in 1999 as an assistant biophysicist, and she was 
promoted to biophysicist in 2003. Since 2002, she also has 
been an adjunct assistant professor in Stony Brook University’s 
Department of Biomedical Engineering.

This year, Miller was invited to serve on the scientific advisory 
committee of the Canadian Light Source, a role served only 
by world-class scientists. For her work with students, Miller 
received DOE’s Outstanding Mentor Award in 2002.

— Diane Greenberg

Lisa Miller

EnviroSuite:  Environmental Science at the 
NSLS
March 30, 2005

Created in response to rapidly growing interest in environmen-
tal synchrotron science, the EnviroSuite Strategic Initiative 
is designed to support and develop a suite of state-of-the-art 
resources at the NSLS for molecular environmental science 
research.  Its mission is to optimize and expand synchrotron-
based techniques for exploring environmental questions, to 
establish substantial involvement in several beamlines to bring 
a multifaceted approach to complex environmental processes, 
and to introduce new users to these capabilities at the NSLS.  
EnviroSuite now provides a unified voice for the diverse com-
munity of environmental science users.  

EnviroSuite is coordinated by the Environmental Research and 
Technology Division of BNL's  Environmental Sciences Depart-
ment, and is funded by the DOE Office of Biological & Envi-
ronmental Research, Environmental Remediation Sciences 
Division (BER:ERSD).  Similar programs have been initiated 
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Crystallographers Bloom at RapiData 2005
April 5-11, 2005

Once again in the spring, nearly 50 budding crystallographers 
from around the world gathered at Brookhaven National 
Laboratory for RapiData 2005, a week-long course designed to 
introduce students to the best people, newest equipment, and 
latest techniques in the field of macromolecular x-ray crystal-
lography.

The course is offered annually by Brookhaven’s Biology and 
NSLS departments, and is always a successful event for par-
ticipants and instructors alike. In 2005, it ran from April 5 to 11.

The course began with two days of lectures and tutorials 
taught by scientists from Brookhaven, industry, academia, and 
other national labs. Then, the instructors and other participants 
guided the students through a marathon, 60-hour data-collec-
tion session on eight NSLS beamlines. Half of the 48 students 
came with their own specimens to analyze, while the other half 
learned as observers. Six students left with solved structures 
that may be publishable in scientific journals.

The course was organized primarily by Bob Sweet and Denise 
Robertson of Biology. However, they emphasize that its suc-
cess absolutely depended on enthusiastic help from most of 
the 24 members of the PXRR (the Biology and NSLS Macro-
molecular Crystallography Research Resource), NSLS staff 
members, and several outside teachers.

The majority of the funding for the course comes from the 
National Institutes of Health’s National Center for Research 
Resources and the Office of Biological & Environmental 

at all four DOE synchrotron facilities.  Its BNL core consists 
of a number of environmental scientists, who work closely 
with the NSLS and with CEMS, the NSF/DOE-funded Center 
for Environmental Molecular Science based at Stony Brook 
(www.cems.stonybrook.edu).  

EnviroSuite is taking an active role in both PRT and NSLS 
facility beamlines, in order to direct the course of beamline 
development and harness the resources to conduct leading 
research.  As a result, both capital funding and scientific staff 
have been brought to the NSLS.  Some of these are described 
in more detail below.  In addition, a key goal of the EnviroSuite 
program is to establish the framework for multi-beamline stud-
ies, such as combining bulk EXAFS with microspectroscopy 
and imaging of elemental and species distributions.  

NSLS facility beamline X27A, a new hard X-ray microprobe 
beamline, was highlighted in the December 2004 NSLS News-
letter.  It has a 5x15 μm spot size at 3.5 - 32 keV, a 13-ele-
ment solid state detector, and control software modeled after 
the beamline X26A system.  EnviroSuite collaborated with the 
NSLS, X26A, and CEMS for the design and commissioning of 
X27A, and provided the detector.  This beamline will greatly 
increase available microbeam resources at the NSLS.  En-
vironmental applications include X-ray fluorescence micro-
analysis of trace elements, mapping of their distribution, and 
microspectroscopy.  

Beamline X11 is one of 
the most scientifically 
productive and histori-
cally important beam-
lines at the NSLS, being 
used primarily for bulk 
EXAFS experiments.  It 
has an unfocused beam 
(0.5x10 mm), and oper-
ates in the energy range 
from 4.5 - 35 keV.  It is 
versatile, and can ac-
commodate a variety of 
sample types as well as 
in-situ studies.  Enviro-
Suite is adding a new 
13-element Ge detector 
to X11A, to enhance its 
capabilities for low-con-
centration and otherwise 
challenging environmen-
tal samples.  Detector 
capability at X11B will 
also be upgraded.  

Beamline X15B is 
designed for low- to medium-energy bulk and surface XAS 
(optimized for 1.7 - 5 keV).  It has a 1 mm focused spot size, 
and can address samples in ultra-high vacuum or air/He 
atmosphere.  Current research includes phosphorus, sulfur, 

and silicon K-edge, cadmium L-edge, and uranium and lead 
M-edge spectroscopy.  

Beamline X1A is a soft X-ray beamline used for scanning trans-
mission x-ray spectromicroscopy.  Its primary emphasis is on 
organic materials at the carbon and oxygen absorption edges.  
With a resolution of ~30 nm, X1A is well-suited for imaging 
molecular chemical features on a sub-cellular scale, such as 
for research exploring mechanisms of biotransformation of ra-
dioactive and toxic species.  Recent upgrades include a BER:
ERSD-funded laser interferometer.  

EnviroSuite provides guidance for new and experienced 
general users with environmental science research at these 
and other beamlines.  BNL Environmental Science Department 
resources include laboratory facilities for handling radioactive 
and hazardous materials and wastes, and for sample prepara-
tion.  Experimental protocols are being developed to facilitate 
safe handling and analysis of samples containing radionu-
clides.  For further information, see the EnviroSuite web page 
(www.bnl.gov/envirosuite) or contact Jeff Fitts (fitts@bnl.gov).  

— Paul Northrup

Environmental scientists (from left) Jeff Fitts 
(EnviroSuite Coordinator), Mark Fuhrmann 
(X11 Spokesperson), and Paul Northrup 
(X15B Spokesperson) at the X15B end 
station.
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Participants in the RapiData 2005 Macromolecular Crystallography course

CFN Site Dedication Draws Special Guests 
to the NSLS
April 15, 2005

Several distinguished guests visited the NSLS on April 15 as 
part of activities for the Center for Functional Nanomaterials 
(CFN) site dedication ceremony. The guests included Con-
gressman David Hobson, Chairman of the Energy and Water 
Development Appropriations Subcommittee in the House of 
Representatives; Congressman Tim Bishop; DOE Office of Sci-
ence Director Raymond Orbach; and Patricia Dehmer, Associ-
ate Director of the Office of Basic Energy Sciences within the 
Office of Science.

After a welcome by NSLS Chairman Steve Dierker, the group 
gathered in front of the lobby viewing window, which gives 
an impressive view of the VUV experimental floor. Dierker 
then gave an overview of the NSLS and its research. He also 
discussed the bright, new light source proposed at Brookhaven 
Lab, NSLS-II, and how the new synchrotron would act as a 
sister facility to the CFN, complementing and enhancing the 
nanoscience research to be done there.

On this key theme, Hobson mentioned the cutting-edge, third-
generation synchrotrons that exist or are under construction is 
several other countries. “Nanoscience is a whole new era,” he 
said, that requires advanced machinery. In response, Dierker 
discussed how NSLS-II would take the U.S. to the forefront of 
synchrotron science and nanoscience. For example, NSLS-II 
would use CFN instrumentation to focus its beams down to 

very small sizes, enabling studies of nanowires, which are the 
basis for a new class of electronic circuits.

“NSLS x-rays can’t get down to the nanoscale,” said Dierker. 
“We need a powerful new photon microscope, a new technol-
ogy for a whole new industry.”

He continued, “It is the remarkable behavior of materials at the 
nanoscale that is thought to hold the key to the future of United 
States energy problems. NSLS-II will give us the tools we need 
to regain world leadership in this area.”

Later, at the site dedication ceremony, the CFN site sign was 
unveiled by several of the invited dignitaries and BNL leaders. 
A crowd of BNL employees came out to participate in the event 
and, after a welcome by Lab Director Praveen Chaudhari, 
heard remarks by Hobson, Bishop, and Orbach.

In his talk, Orbach touched on NSLS-II and its planned relation-
ship to the CFN. “Think of the two as a team,” he said. “Without 
both, we will be robbed of opportunities that they uniquely can 
bring. NSLS-II will give us a leg up on every other laboratory in 
the world.”

He also had an important message: “We need to convey to the 
public what science can and will do, to convey to everyone the 
nature of scientific enterprise and scientific discovery,” he said. 
“What we’re doing here today is conveying that message in a 
whole new era of opportunity. No one knows the dimensions of 
discoveries that are present.”

“Research into nanomaterials is one of the most exciting things 
since the microchip,” said Hobson. “Right here at Brookhaven, 
you’re getting to be in the middle of that.”

Hobson also praised BNL for its status as a basic-energy 
research lab, stressing that basic research is an essential, 
but waning, component of U.S. science. “The [DOE] labs are 
the last areas of basic research in our country,” he said. “You 
should all be very proud of what you’re doing.”

From left, NSLS Chairman Steve Dierker, Congressman Tim Bishop, 
Congressman David Hobson, DOE Office of Science Director Raymond Orbach, 
and BNL Director Praveen Chaudhari.

Research within the U.S. Department of Energy’s Office of Sci-
ence. Additional support is provided by the NSLS and several 
equipment vendors and drug companies. For more information, 
go to: www.px.nsls.bnl.gov/RapiData2005/

— Laura Mgrdichian
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Strain-Mapping Workshop Marked by 
Enthusiasm and Idea-Sharing
April 18-19, 2005

Useful, lively discussions characterized the recent workshop 
on Strain Mapping in Engineering Materials with High-Energy 
Synchrotron X-Rays, held at the NSLS from April 18-19. The 
workshop brought together researchers in the field of strain 
mapping to discuss their work and talk about how to advance 
NSLS strain-mapping capabilities. Some of the talks are sum-
marized below.

Asuri Vasudevan, from the U.S. Navy’s Office of Naval Re-
search, discussed how he works to extend and predict the life 
of aircraft and helicopters by studying “residual stresses” — the 
stresses within a material left over after a single or repeated 
use, which are caused by temperature or the material’s chemi-
cal environment. Residual stresses can cause cracks on sur-
faces that may be stable or unstable. Vasudevan is interested 
in studying these cracks, but said that the tools available to him 
limit the size of the crack he can study as well as the sample’s 
thickness and particular composition.

Mel Roquemore and Ruth Sikorski from the Air Force Research 
Laboratory addressed the potential applications of strain map-
ping to evaluate jet engine components. Their aims include 
using the determined stresses that occur within the engine 
components to predict and model how complicated engine 
systems will respond to duty-cycle loading. This information 
will help them determine how to increase the life of engine 
components.

Another key speaker was Roger Klaffky, who runs the X-Ray 

Participants in the Strain-Mapping workshop

Bishop was equally supportive. “We have on this site some of 
the world’s best minds. The CFN will bring more of the best 
minds here, and Long Island will benefit from that.”

Among other distinguished guests invited to the Lab were 
Dennis Kovar, Associate Director for Nuclear Physics, who is 
also DOE landlord of the BNL site; Michael Holland, Manager 
of DOE’s Brookhaven Site Office; Vice Admiral Dennis McGinn, 
who is Vice President for Strategic Planning for Battelle; and 
Robert McGrath, SBU Provost and Executive Vice President 
for Academic Affairs, who also serves as SBU Vice President 
for Brookhaven Affairs.

Earlier in the day, the special guests also toured BNL’s Relativ-
istic Heavy Ion Collider and the Positron Emission Tomography 
facility to learn about the research performed at each. The key-
note speaker at the luncheon preceding the event was Shirley 
Strum Kenny, Stony Brook University (SBU) President and also 
Vice President of Brookhaven Science Associates, an institu-
tion formed of SBU and Battelle, which manages BNL for DOE.

— Laura Mgrdichian

and Neutron Scattering Facilities program within the U.S. 
Department of Energy’s Office of Science. He spoke about the 
DOE’s mission to advance nanoscience research for energy 
needs, and the advantages of x-ray diffraction in this respect. 
He also gave examples of current stress/strain research now 
being done at DOE national labs, such as studying why frac-
tures occur over time in stents and how that process may be 
stunted.

Additionally, an overview of the NSLS beamlines and user 
community was presented by NSLS scientist Chi-Chang Kao. 
He laid out the NSLS three-to-five year plan, which aims to 
continue the growth of life and geo/environmental science user 
groups, and attempt to reverse the decline in materials and 
chemical science users. Other initiatives are to advance the 
biomedical imaging program here and develop a new nanosci-
ence user base. But in the area of strain mapping using high-

energy x-rays, Kao said the NSLS needs to win funding for a 
new end station dedicated solely to that field.

The scheduled discussion period at the end of the workshop, 
and the several smaller discussions in between, produced 
many ideas and ways to bolster the strain-mapping program at 
the NSLS. The participants compiled a “wishlist” of capabilities 
they would like to see at X17B1, which is where strain-mapping 
research is now performed, and described current limitations to 
their research. For example, they discussed how to decrease 
the time it takes to make a strain map, which is one limitation 
may now prevent industrial users from coming to the NSLS.

The group also talked about potential future beamline X17A, 
which could free up X17B1 to become a strain-mapping-only 
beamline. Currently, high-energy x-ray scattering and medical 
researchers share the limited beamtime at X17B1 with scien-
tists in the strain-mapping program.

— Laura Mgrdichian
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NSLS Daughters and Sons are Forensic 
Scientists for a Day
April 28, 2005

On April 28, approximately 30 daughters and sons of NSLS 
staff and scientists questioned suspects, analyzed crime-scene 
evidence, and caught a thief — all in one morning. The activi-
ties were part of the national Take our Daughters and Sons to 
Work Day. This year at the NSLS, the day had a theme: forensic 
science.

First, the children gathered in the NSLS seminar room to 
hear a brief safety talk by Nick Gmur, and then learned about Participants in the NSLS Sons and Daughters Day

NSLS scientist Randy Smith demonstrates the 
process of “blood”-typing.

Four BNLers Win Environmental Steward-
ship Awards
April 22, 2005 

At the annual Earth Day Awards Ceremony held on April 22 
by George Goode, Manager of the Environmental and Waste 
Management Division, Goode and Peter Bond, Interim Deputy 
Director for Science & Technology, presented four BNL employ-
ees with Environmental Stewardship Awards for demonstrating 
an outstanding effort in pollution prevention, waste minimiza-
tion, or conservation. The four were: Mary Ann Corwin, Na-
tional Synchrotron Light Source Department (NSLS); Michael 
Kindya, Plant Engineering Division (PE); Michael Paquette, PE; 
and Joel Scott, Collider-Accelerator Department (C-AD).

Mary Anne Corwin, who heads the User Administration Office 
at the National Synchrotron Light Source (NSLS), was awarded 
for leading the effort to create a virtually “paperless office.” 
By using the Lab’s web-based Guest Information System and 
the NSLS Proposal, Access, Safety and Scheduling (PASS) 
System, considerable resources were saved by reducing the 
use of paper copies, improving records retention methods, and 
recovering office space.

— Liz Seubert

George Goode (left) and Peter Bond (right) present the awards to (from left) Joel 
Scott, Mary Ann Corwin, Michael Paquette, and Michael Kindya.

light in its different 
forms from NSLS 
scientist Lisa Miller, 
in her talk, “What 
Kind of Light?” The 
kids guessed which 
type of light is used 
in many common 
objects, such as 
remote controls and 
microwave ovens.

After the talk, the 
main event began. 
Lisa introduced the 
crime — The Case of the Missing iPod — and then presented 
the “evidence” that had been found at the scene: a white pow-
dery substance, a black powdery substance, a strand of hair, 
and a piece of notebook paper. In a nearby trash basket, there 
was also a soda can with a drop of  “blood” on it.

The “victim,” NSLS student researcher Meghan Ruppel, then 
told her story. She said she was studying for a test in the 
library, got up to talk to some friends, and returned to find her 
iPod missing. Her story revealed several possible suspects: 
Adele Wang, Meghan’s friend; Michael Appel, the library’s 
custodian; Laura Mgrdichian, the librarian; and Steve Gior-
dano, a library patron. The suspects filed in, told their own 
stories of what happened, and were questioned by several of 
the children.

After seeing the evidence, hearing the victim’s and suspects’ 
stories, and interrogating everyone involved, the daughters 
and sons split into groups to analyze the evidence. They tested 
the “blood” on the soda can to determine the blood type, and 
dusted the can and the victim’s notebook paper for fingerprints. 
They compared their results with the suspects’ blood types and 
fingerprints.

Next, the children went down to the NSLS experimental floor. 
There, NSLS scientists Tony Lanzirotti and Bill Rao helped 
them analyze hair samples from the suspects using x-rays, 
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which measure the levels of various trace elements (such as 
zinc, copper, or calcium) that are present in the hair. The analy-
sis yielded a unique “signature” for each sample, which was 
compared to the signature of the strand of hair found at the 
crime scene. The group also analyzed the powders found at 
the crime scene with a synchrotron infrared microscope. They 
determined that the white powder was powdered sugar and the 
black powder was ground coffee.

With all the evidence properly analyzed, the daughters and 
sons returned to the seminar room, knowing who had taken the 
iPod.

And who was the culprit? Laura the librarian! She took the iPod 
“because iPods are not allowed in the library.” In her introduc-

tory story, she only 
revealed that she 
made coffee and 
ate a powdered 
doughnut that 
morning. Caught, 
however, she fur-
ther explained that 
she noticed a soda 
can on Meghan’s 
desk and, because 
food and drinks are 
not allowed in the 
library, went over 
to throw it way. 
She cut her finger 

on the top, leaving a blood drop. Then she noticed the iPod, 
another forbidden item. She took it, but left behind coffee and 
sugar powders, a strand of hair, and many fingerprints. The 
NSLS daughters and sons successfully analyzed these clues 
to catch the true “thief.”

— Laura Mgrdichian

NSLS scientist Lisa Miller uses a synchrotron 
infrared microscope to identify the unknown white 
and black powders.

Women in Science Career Day at BNL
May 9, 2005

Ten female students from the Henry Viscardi School, an 
Albertson, Long Island-based school for children with physical 
disabilities and health impairments, learned about scientific 
careers first-hand from female researchers at BNL. The career 
day was coordinated by Brookhaven Women in Science and 
funded by Brookhaven Science Associates. During the day, 
Jeanne Petschauer (standing, left) from the Community Rela-
tions Office gave an overview of BNL’s breadth of scientific 
interests, and Lisa Miller (right) of the NSLS discussed her path 
to becoming a chemist and her research on such diseases as 
osteoarthritis, osteoporosis, and Alzheimer’s disease. Linda 
Bowerman of the Atmospheric Sciences Division explained 
some of BNL’s environmental research, and physicist Angelika 

Drees described 
her work with 
other scientists 
to discover more 
about the earliest 
moments of the 
universe now being 
studied at the Rela-
tivistic Heavy Ion 
Collider. Among the 
students present 
were (front, from 
left) Adeline Joshua 
and Stephanie 
Avramenko.

— Diane Greenberg

BNL Workshop on Intense Coherent THz 
Pulses 
May 10, 2005

The first workshop on intense coherent THz pulses at 
Brookhaven National Laboratory (BNL) was held during the 
spring of 2005. Participants included scientists from regional 
universities and institutions as well as members of the BNL 
scientific community.   

The workshop focused on the science enabled by linac sourc-
es of intense coherent terahertz (THz) radiation. The NSLS 
Source Development Lab (SDL) linac is one such source, 
producing 100-microjoule, single-cycle coherent pulses with 
spectral content reaching to a few THz. The full-day workshop 
began with a presentation by Xijie Wang (NSLS) that described 
how the SDL linac produces ultra-short, high-charge electron 
bunches that generate coherent THz pulses or deep ultravio-
let free-electron laser light. Larry Carr (NSLS) followed with a 
description of the SDL’s THz pulses, including measurements 
of the pulse energy, spectral content, and electro-optic detec-
tion instrumentation. He emphasized applications where the 

Participants in the Intense Coherent THz Pulses workshop
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A Passion for Synchrotron Science and its 
Future: News from the 2005 NSLS Annual 
Users’ Meeting
May 23-25, 2005

The speakers at the main session of the 2005 National 
Synchrotron Light Source (NSLS) Annual Users’ Meeting, 
held on Tuesday, May 24, at Brookhaven National Laboratory 
(BNL), spoke on many different topics. But they all conveyed 
fierce enthusiasm for the science performed at the NSLS and 
expressed hope that its proposed successor, the world-leading 
NSLS-II, would become a reality.

NSLS Users’ Executive Committee Vice-Chair Peter Stephens 
welcomed the audience to the main meeting, setting a positive 
and enthusiastic tone for the day’s events. He then opened the 
stage to BNL Director Praveen Chaudhari.

Chaudhari commended many attendees for their work to 
advance NSLS-II. “You’ve helped tell us what is needed in this 
new light source, including the workshop last fall that defined 
NSLS-II,” he said. “The struggle to get NSLS-II is just begin-
ning — we need to design it and then get funding. But once the 
machine is built, you’ll have the best machine in the world, and 
we need your help to make that happen.”

Pat Dehmer (third from right), head of the Office of Basic Energy Sciences within 
the Department of Energy’s Office of Science, was a special guest at the 2005 
NSLS Annual Users’ Meeting. She stands with (from left) NSLS Associate Chair 
for User Science Chi-Chang Kao, incoming Users’ Executive Committee (UEC) 
Chair Peter Stephens, NSLS Chairman and Associate Lab Director for Light 
Sources Steve Dierker, BNL Director Praveen Chaudhari, and outgoing UEC 
Chair Larry Shapiro.

Chaudhari then introduced Patricia Dehmer, head of the Of-
fice of Basic Energy Sciences within the U.S. Department of 
Energy’s Office of Science, who plays an important role in 
efforts to move NSLS-II forward. Dehmer elaborated further on 
the status of the proposed new facility and made several key 
points, many concerning the tough budget years ahead.

The Office of Science, she said, led by Raymond Orbach, has 
set a philosophy in place for fiscal year 2006: making the U.S. 
the leader in every major field of research, regardless of the 
declining budgets to come. “These are very scary times, and 
being bold and aggressive is probably the only way to face 
this,” she said.

However, her talk was full of encouraging messages. NSLS-II, 
she said, falls into one of the “mission challenges” of the Office 
of Basic Energy Sciences — that is, enabling the construction 
of major scientific facilities.

“NSLS-II will undoubtedly be the world’s finest synchrotron; 
it will be a stunning facility,” she said. Soon, she added, she 
and Orbach will present the Laboratory’s NSLS-II proposal to 
Deputy Secretary of Energy Clay Sell for his approval.

She spoke emphatically to NSLS-II supporters. “I think we have 
a very high probability for success with NSLS-II. But we need 
your help, too. You have to understand the realities of the bud-
get and be sophisticated when you talk to folks in Washington. 
You can’t rely on Congress to launch something like NSLS-II 
— you have to talk to the administration.”

In her closing remarks, Dehmer left off on a very positive note. 
“This laboratory has a wonderful history of constructing and 
operating major user facilities,” she said. “The run of the NSLS 
has been nothing short of remarkable, and NSLS-II will take 
that tradition and move it into the future.” She also praised 

THz pulses serve as an excitation source rather than simply a 
probe of a material’s response. Tony Heinz (Columbia Universi-
ty) gave an overview of THz methods, current scientific efforts, 
and the frontiers opened by a source of high intensity THz 
pulses. Ivan Bozovic (BNL Materials Science) described ultra-
fast THz studies of correlated electron systems and complex 
oxides — material systems of great interest at Brookhaven. 
Toni Taylor (Los Alamos National Laboratory) presented other 
THz studies of complex materials in a seminar the follow-
ing day. The National Institute of Standards and Technology 
(NIST) uses THz methods to study complex biomolecules. Ted 
Heilweil (NIST) discussed that activity as well as applications of 
THz in homeland security and imaging. It has been noted that 
the magnetic field portion of a THz wave could be sufficient to 
change the magnetization state of some magnetic alloys, a top-
ic Dario Arena (NSLS) summarized in his talk. The connection 
between THz and magnetization dynamics was also described 
in Toni Taylor’s presentation.  

Attendees were given a tour of the SDL facility and the location 
for future THz studies. This was followed by a discussion ses-
sion that helped to define experimental directions and provide 
recommendations on the facility and instrumentation require-
ments.

For more details, see http://www.nsls.bnl.gov/newsroom/
events/workshops/THz/. This workshop was sponsored by the 
NSLS.

— Larry Carr
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The 2005 NSLS Annual Users’ Meeting Planning Committee: (from left) Mary 
Anne Corwin, Liz Flynn, Melissa Abramowitz, Ron Pindak, Lisa Miller, Dan 
Fischer, Gretchen Cisco, and Peter Stephens.

NSLS Chairman Steve Dierker. “Steve has been a superb 
leader for NSLS-II, and there’s no way we could have made 
our case to Ray Orbach without him. NSLS-II has moved up in 
the DOE 20-year plan largely because of Steve’s efforts.”

Dierker, who spoke next, showed the audience that the NSLS 
continues to thrive, even as third-generation synchrotrons draw 
more and more users. “We’ve held our own and then some,” 
he said. “The number of users served by the NSLS has been 
stable at about 2,300 per year.”

He described the NSLS as “very cost effective, highly produc-
tive, and highly reliable.” Since 2001, the facility has met many 
key goals, such as maintaining and strengthening its user 
program, expanding its user base, and developing a compel-
ling proposal for NSLS-II.

In addition, there has been a “dramatic” evolution of NSLS 
beamlines, including better support to several beamlines to 
make them more useful and modern, and many major beam-
line upgrades.

Looking into the future, Dierker said he looks forward to con-
tinuing user input on NSLS-II. “The community has responded 
very enthusiastically and vigorously,” he said. “I think we have 
put forward a compelling design that is critically needed in or-
der to probe materials at high-energy resolution, and at spatial 
resolutions on the order of one nanometer, which would be 
unprecedented.”

“There is a host of important and exciting scientific opportuni-
ties that will be enabled by NSLS-II,” he concluded. “This is 
something the U.S. absolutely needs to regain leadership in 
synchrotron radiation science.”

Next, in the first scientific talk of the day, Henk Schenk of the 
University of Amsterdam discussed “The Structure of Co-
coa Butter and the Quality of Chocolate.” In this interesting 
presentation, Schenk described his group’s work using x-ray 
diffraction to study the structure of cocoa butter. Cocoa butter 
is an essential component of chocolate that determines the 

Speakers at the main meeting included (from left) Bob Casey (BNL-NSLS), John 
Rehr (University of Washington), Benjamin Chu (Stony Brook University), and 
Henk Schenk (University of Amsterdam).

chocolate’s characteristic properties, such as its sheen and 
meltability. By studying the various phases of cocoa butter 
via melting-cooling processes, he and his group patented a 
method to produce chocolate that stays fresh longer than other 
chocolates, and even devised a chocolate-making machine.

Schenk was followed by a talk on safety delivered by Peter 
Stephens and Bob Casey, the NSLS Associate Chair for Envi-
ronment, Safety, Health, and Quality. In a back-and-forth style, 
Casey and Stephens discussed safety from the point of view of 
NSLS users and administration, particularly in the wake of the 
electrical incident last year at the Stanford Linear Accelerator 
(SLAC). The issues raised during their talk were presented in 
further detail, and subject to more extensive discussion, at a 
special “Electrical Safety in the Research Community” work-
shop the following day.

The workshop covered several topics. NSLS Safety Officer 
Andrew Ackerman discussed National Fire Protection Associa-
tion electrical standards implemented at the NSLS. He also 
elaborated on a new NSLS rule that all electrical devices in the 
NSLS be certified by a nationally recognized testing laboratory 
within five years, including equipment brought in by users. He 
showed several photos of unsafe and/or “homemade” electrical 
equipment and configurations found on the NSLS floor, which 
illustrated the need for such rules.

Bob Chmiel, the NSLS Environmental, Safety, and Health 
engineer, expanded on this. He displayed actual examples 
of unsafe electrical configurations found during routine NSLS 
inspections, and encouraged users to routinely check their 
equipment. Finally, Casey gave a more detailed account of the 
SLAC incident, the many violations of procedure and practice 
that led to it, and lessons learned. He also went over some 
recent NSLS electrical incidents, and the lessons learned from 
them.

The second scientific talk at the main meeting was delivered 
by John Rehr of the University of Washington. Rehr spoke 
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This year’s poster session winners were (from left) Tejas Telivala (Stony Brook 
University), Ashtosh Ganjoo (Lehigh University), Angelo Dragone (BNL-
Instrumentation Division), Holger Fleckenstein (SBU), Meghan Ruppel (SBU), 
and Brandon Chapman (BNL-NSLS).

Steve Almo

Peter Abbamonte

NSLS historian Bob Crease took the banquet attendees back in time during his 
presentation on the history of the NSLS.

about the theory involved in interpreting x-ray data obtained 
from many synchrotron analysis techniques, such as extended 
x-ray absorption fine structure (EXAFS) and nuclear resonant 
inelastic x-ray scattering.

In the afternoon, Benjamin Chu from Stony Brook University 
talked about the polymer experiments he performs with his 
group at beamline X27C, using wide-angle x-ray diffraction 

(WAXD) and small-angle x-ray 
scattering (SAXS). Their end station 
contains several specialized instru-
ments, such as spinning, stretching, 
and high-pressure devices, which 
allow them to investigate various 
properties of the polymers.

Next, Steve Almo from the Albert 
Einstein College of Medicine dis-
cussed “Structural Genomics in the 
3rd Millenium.” Almo said that scien-
tists are solving protein structures 
at amazing rates, but that the future 

of structural biology is determining the structures of protein 
complexes — many proteins interacting at once. He described 
a new technique to study proteins, called synchrotron x-ray 
footprinting, which may help structural biologists look beneath 

cell membranes to study many cell 
components at once.

Finally, NSLS scientist Peter Ab-
bamonte presented his work on 
antiferromagnetism, a state of 
magnetism in certain materials in 
which ions orient themselves into 
regions of opposite alignment, called 
“stripes.” Antiferromagnetic materials 
can become superconductors, and 
Abbamonte and his group are trying 
to determine if stripes play a role 

— do they assist or compete with superconductivity?

At the end of Tuesday’s main meeting, the outgoing NSLS 
Users’ Executive Committee Chair, Larry Shapiro, announced 
the three newest members of the UEC: Chris Jacobsen of 
Stony Brook University (SBU), Steve Almo, and Chris Cahill 
of George Washington University. NSLS scientist Lisa Miller, 
the poster session organizer, announced the poster sessions 
winners: Brandon Chapman (BNL-NSLS), Angelo Dragone 
(BNL-Instrumentation), Holger Fleckenstein (SBU), Ashtosh 
Ganjoo (Lehigh University), Meghan Ruppel (SBU), and Tejas 
Telivala (SBU).

Later that day, meeting participants attended the evening ban-
quet in Berkner Hall for good food, drinks, and conversation. 
During dinner, photos of the NSLS and NSLS staff cycled on a 
large screen at the front of the room, sparking conversations. 
Stephens also presented the UEC Community Service Award 
to Tony Lenhard.

After dinner, NSLS historian Robert Crease treated everyone 
to a bit of history during a special presentation. In a narrative 
accompanied by old photos, he recounted the days before the 
NSLS was built, the roadblocks encountered before and during 
its construction, and the ultimate success of the facility. 

During the two days surrounding the main meeting, Monday 
the 23rd and Wednesday the 25th, several additional work-
shops were held at locations across the Laboratory. They were 
“Nanomagnetism: Materials and Probes,” “Imaging Nanoscale 
Structure in Biominerals: New Results and Challenges,” “The 
Impact of Cryogenic Specimen Automounters on the Future 
of Macromolecular Crystallography,” “Spectroscopic Studies 
of Nanoscaled Systems,” “Application of Small-Angle X-Ray 
Scattering to Biological Structures,” and “In-situ Analyses in 
Environmental and Chemical Systems.”

— Laura Mgrdichian
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Nanomagnetism: Materials and Probes 
Workshop
May 23, 2005

The connection between magnetism and nanoscience is clear: 
The nanometer is the natural length scale of magnetism, as 
it characterizes the domain wall. Unanticipated phenomena 
occur when the materials’ structural scale coincides with the 
magnetic length scale. To support research into nanomagne-
tism, recent advances in materials synthesis and nanofabrica-
tion technology have made it possible to create a wide range 
of nanomagnetic systems with unprecedented precision. These 
novel magnetic systems are used as model systems for testing 
longstanding theories in magnetism, as well as for exploring 
new device concepts and applications. In parallel, synchrotron 
radiation, with its unique polarization properties, tunability, and 
time structure, has become an indispensable tool for the study 
of magnetism and magnetic materials.  

The 2005 NSLS Users’ Meeting Workshop “Nanomagnetism: 
Materials and Probes” provided an overview of the latest syn-
chrotron characterization techniques as well as introduced new 
materials concepts for magnetic materials. The workshop was 

jointly sponsored by the Brookhaven National Laboratory Cen-
ter for Functional Nanomaterials, a new U.S. Department of 
Energy nanoscience user facility. Presentations were delivered 
by seven experts in the application of synchrotron radiation 
to magnetic materials, and in the synthesis and application of 
magnetic nanomaterials, with the goal of presenting an up-to-
date snapshot of the forefront issues in nanomagnetism.  

Daniel Haskel of the Advanced Photon Source at Argonne Na-
tional Laboratory inaugurated the workshop with a presentation 
on recent synchrotron characterization advances that elucidate 
the role surfaces and interfaces at play in the overall magnetic 
response, especially in thin-film layered systems.  

Professor J.M.D. Coey of Trinity College in Dublin, Ireland, fol-
lowed with surprising but well-documented results that systems 
with nominally no d-electrons, such as HfO2 and RhO2, exhibit 
ferromagnetism under certain conditions. The results are cur-
rently attributed to the defect state of the material.  

Continuing the focus on novel magnetic materials, Distin-
guished Professor Myriam P. Sarachik of City College–CUNY 
presented new results on molecular magnets or single-mol-
ecule magnets. These systems, which bridge the classical and 
the quantum worlds, hold potential as quantum computation 
materials (qubits) and exhibit clear quantum-mechanical tun-
neling signals under the influence of magnetic fields.  

Professor Sara A. Majetich of Carnegie Mellon University 
discussed recent results obtained from highly uniform monodis-
perse arrays of ferromagnetic Fe, Co, and FePt nanoparticles 
(Figure 1). The competition between dipolar and anisotropy 
energies in these systems creates spin-glass-like mictomag-
netic behavior, as revealed by small-angle x-ray scattering and 
small-angle neutron scattering.  

Glenn A. Held of the IBM T. J. Watson Research Center in 
Yorktown Heights, New York, presented an overview of mag-
netic ferrite nanoparticles encapsulated by biologically active 
molecules to create bio-functionalized entities for monitoring 
and influencing cellular processes.  

The workshop concluded with two presentations on advanced 
synchrotron techniques for magnetism characterization. Dario 
Arena of the NSLS discussed new techniques that probe the 
dynamics of magnetization precession in the time domain, 
with element specificity. In this work, time-resolved magnetic 
circular dichroism in a pump-probe architecture was employed 
to examine the moment response in permalloy-based systems. 
Andreas Scholl of Lawrence Berkeley National Laboratory 
described the application of ultrafast x-ray pulses (picosecond 
to femtosecond) to image magnetic dynamics with high spatial 
resolution. As an example of the technique, real-time mov-
ies with associated analyses of the precessional dynamics of 
magnetic vortices were presented.

— Laura H. Lewis and Chi-Chang Kao

Figure 1.  Large view (1.5 mm x 1.5 mm) of uniform ε-Co ferromagnetic 
nanoparticles with a high degree of order induced by lateral com-pression to form 
a compressed Langmuir film. The inset shows the presence of dislocations but 
no grain boundaries in the film. (D. Farrell, Y. Cheng, R.W. McCallum, M. Sachan, 
and S.A. Majetich, J. Phys. Chem. B, 109(28), 13409-13419 (2005).

Nanomagnetism: Materials and Probes workshop attendees
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Annual NSLS Users’ Meeting. Our six invited speakers were 
followed by four short talks from BNL and Stony Brook Univer-
sity scientists, including student presentations. This workshop 
was also videotaped and is posted on the web at 
http://www.solids.bnl.gov/~dimasi/nsls05ws2/.

Matthias Epple of University Duis-
burg-Essen, Germany, emphasized the 
importance of studying well-character-
ized biological samples in collaboration 
with biologists, who can help interpret 
the information. Epple then went on to 
show how high-resolution powder diffrac-
tion, EXAFS, and tomography were used 
in tandem to obtain structural informa-
tion from a variety of small animal shells 
and structural organs. High-resolution 
measurements are necessary to distin-
guish between calcite, magnesian calcite, and small amounts 
of metastable polytypes only observable with synchrotron 
radiation. In more unusual animals, extremely unlikely miner-
als, such as calcium sulfate hemihydrate statoliths in deep-sea 
medusae, were discovered. Finally, selected amorphous calcite 
carbonate mineral formers were surveyed. Effective measure-
ment of the metastable amorphous biominerals is particularly 
valuable since biomineralization is thought to often proceed by 
means of amorphous precursors.

Emil Zolotoyabko, from the Technion-
Israel Institute of Technology, focused 
on his newly developed technique for 
depth-resolved measurements using 
energy-variable x-ray diffraction. The 
motivation is that biominerals have 
complex, multilayered structures. While 
many synchrotrons have developed 
micron beam spots to resolve diffraction 
patterns laterally (across the sample 
surface), it is necessary to match this 
spatial resolution in the third direction for a complete picture. 
Zolotoyabko’s technique is based on theoretical analysis of the 
shapes of diffraction profiles taken under slight misalignment 
of the diffraction instrument. The interplay between the prob-
ability of the x-ray registration in the detecting system and the 
depth-dependent attenuation of the primary x-ray beam defines 
at each energy a specific depth from which the maximum dif-
fraction signal is collected. By measuring diffraction profiles at 
different energies, the depth-dependent effects in the preferred 
orientation, grain size, microstrain fluctuations, and residual 
strains could be observed. Zolotoyabko highlighted information 
obtained from mollusk shells in which microstructural param-
eters in the successive layers of a material can tell the story of 
a biomineral growth.

Stuart R. Stock of Northwestern University presented the his-
tory and latest advances in x-ray absorption computed microto-
mography and phase radiography. These non-invasive three-

Matthias Epple

Synchrotron Imaging of Biominerals 
Workshop
May 23, 2005

Biominerals, the mineralized tissues of animals, plants, and 
microorganisms, have inspired humanity since prehistory. 
Bones and shells have been used for tools, currency, symbolic 
objects, and art in every culture. Both the fascination and the 
importance that biominerals present for science are made clear 
in Darwin’s 19th century writings, and in D’Arcy Wentworth 
Thompson’s 1917 On Growth and Form, with its memorable 
cover illustration of the multi-chambered calcium carbonate 
nautilus shell.

Now, biomineralization is a field of study in its own right. 
Biologists, paleontologists, materials chemists, physicists, 
engineers, and medical professionals all contribute to our 
understanding of how biominerals grow; how they achieve their 
submicron hierarchical architectures and their precise control 
over crystal orientation and habit; how they are able to stabi-

lize non-thermodynamically-favored mineral polytypes; and 
most importantly, how the biomineralization process might be 
harnessed or mimicked to produce new nanostructured, multi-
component materials for medicine and technology. 

Recent advances in synchrotron science, as applied to these 
materials, have uncovered a wealth of new information in the 
past ten years. Synchrotrons now enable diffraction-enhanced 
imaging, x-ray microbeam analysis, computed tomography, 
and phase radiography to probe the microstructures of biomin-
erals. Chemical information is obtained from soft x-ray pho-
toemission and infrared spectromicroscopy techniques, with 
submicron spatial resolution. High-resolution diffraction, small-
angle scattering, and x-ray absorption methods all contribute 
to the picture of the crystalline and amorphous phases formed. 
Finally, many of these experiments are sensitive to crucial or-
ganic components: the matrix of proteins and polysaccharides 
that help give biominerals their special properties.

Such new results and challenges were highlighted in a 
workshop, “Synchrotron Imaging of Biominerals,” at the 2005 

Synchrotron Imaging of Biominerals workshop attendees

Emil Zolotoyabko
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dimensional imaging techniques can be applied to both medi-
cal and materials studies. Stock first gave a detailed discussion 
of the technique’s mathematical basis and practical limitations. 
He next described how spatial and temporal variations in mi-
crostructure could be observed for mouse skull tissue response 

to bone resorption-inducing agents, for 
the mineralized collagen of regenerated 
newt limbs, and to study a rabbit model 
for vascular mineralization, probing 
treatments to ameliorate the effects of 
cholesterol. Finally, interesting questions 
about some similar proteins implicated in 
skeletal evolution were brought up, con-
trasting the calcium carbonate skeletons 
of echinoderms with the calcium phos-
phate bones of vertebrates: How does 
the spatial distribution of protein relate 

to the microarchitecture and mineral density? Sea-urchin teeth 
exhibit a remarkable array of materials engineering “tricks” in 
the design of their composite microstructures, as a functional 
analysis of the images demonstrates.

Gelsomina “pupa” De Stasio, University of Wisconsin 
- Madison, and Synchrotron Radiation Center. A lively talk 
from De Stasio showcased SPHINX, an x-ray PEEM spec-
tromicroscope. With monochromatic soft x-rays incident onto 
the sample surface, photoelectron emission imaging with a 

field of view of 2 to 200 microns can be 
accomplished. By scanning the energy, 
XANES or EXAFS spectra are obtained, 
with sensitivity to all elements present 
in biological and mineral systems. This 
makes chemical and spectroscopic 
information available with 10 nm spatial 
resolution. De Stasio discussed wide-
ranging examples of biomineralization 
not previously covered, including the 
formation of bacterial biofilms and the 
“reverse-biomineralization” activity of 

antifreeze proteins — emphasizing, in all cases, the organic-
inorganic interface. She also presented another mystery in 
mollusk nacre: a polarization dependence, suggesting that the 
carbonate groups in aragonite do not align along the tablet axis 
as is currently thought.

Helga Lichtenegger, from the Vienna 
University of Technology, presented 
research on another unusual family 
of biominerals: marine worms whose 
mandibles are reinforced with the cop-
per-based mineral atacamite. Lichte-
negger has explored the distribution of 
copper, zinc and iron in Glycera and 
Nereis worm jaws, and the experimental 
achievement is an elegant combination 
of microbeam x-ray absorption spec-

troscopy, diffraction, and small-angle scattering. Each of these 

techniques had a necessary role in determining which metals 
form crystals within the jaws, and which instead are present 
in trace quantities and may play some role in the tissue other 
than structural support; and in the case of SAXS, what mor-
phology the mineralized parts exhibit and how that relates to 
the structure of the whole jaw.

Teresa Nicolson joined us from the 
Oregon Hearing Research Center and 
Vollum Institute, Oregon Health and Sci-
ence University. Nicolson studies the mo-
lecular basis of mechanotransduction in 
sensory hair cells. This research uncov-
ered a puzzle in biomineralization when 
genes required for hearing and balance 
in zebrafish were explored. Nicolson 
demonstrated that a previously unknown 
gene, starmaker, was required for the proper development of 
the calcium carbonate otoliths or stone-like particles, which 
serve as balance sensing organs in the ear. The starmaker ac-
tivity was experimentally disrupted in zebrafish embryos. With 
mild disruption the aragonite mineral otoliths were changed 
from round to chunky morphologies, and in more excessive 
cases another calcium carbonate mineral, calcite, was formed. 
Synchrotron microbeam diffraction was necessary to detect 
these changes.  

Selected local efforts were showcased in short talks follow-
ing the invited program. Zhong Zhong (NSLS) presented the 
superior contrast achieved from Diffraction Enhanced Imaging 
using x-rays. Meghan Ruppel (NSLS) used infrared spectromi-
croscopy to compare the chemical makeup of microdamaged 
versus undamaged bone. Karthikeyan Subburaman (Stony 
Brook University) described the biomimetic mineralization of 
synthetic protein films, and Seo-Young Kwak (NSLS) mea-
sured the orientation and Mg-incorporation of calcite grown on 
functionalized self-assembled monolayers.

Interdisciplinary symposia can be a challenge as well as a 
pleasure for the participants. Aside from the compliments, other 

Stuart R. Stock

Gelsomina "pupa" De Stasio

Helga Lichtenegger

Teresa Nicolson

Biomineral Imaging at the NSLS
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The Impact of Cryogenic Specimen Auto-
mounters on the Future of Macromolecular 
Crystallography Workshop

May 23, 2005

Cryogenic “automounters” are becoming common at syn-
chrotron x-ray sources and in a few commercial laboratories, 
employed especially in macromolecular crystallography (PX). 
There are several commercially available models, and sev-
eral home-built ones, used in a range of synchrotron radiation 
sources around the world. This workshop gave the PX commu-
nity an opportunity to hear the major builders of these instru-
ments describe important features of the operation of their 
instruments, and the ways the scientific community is using 
them.  

Thomas Earnest’s group at Lawrence Berkeley National 
Laboratory’s Advanced Light Source (LBL-ALS) designed one 
of the most imitated automounter systems, based on pneu-
matic actuators. He summarized their experience at the ALS 
with the design, now exported to several locations (the NSLS, 
the Advanced Photon Source (APS), and the Macromolecular 
Diffraction Facility at the Cornell High-Energy Synchrotron 
Source (CHESS)). He emphasizes an “open source” view of 
the design to encourage information sharing and described 
many small improvements since the original design. They’re 
working on a Cartesian robot to replace the current system, 
which would not require the crystal-supply dewar to move, and 
would have a larger capacity. Dieter Schneider, BNL Biology 
Department, described his group’s refinement of the LBL-ALS 
system. They devised a three-jaw gripper that is being adopted 
at several places, developed innovations that minimize frosting 
of the lid, and are beginning to develop EPICS-based control. 
Gerd Rosenbaum, of the Southeast Regional Collaborative 
Access Team at the APS, described his group’s adaptation of 
this design. This instrument is just now coming into operation. 
Quan Hao, CHESS, gave the same sort of report, one innova-
tion being a miniature liquid nitrogen pump for filling the sample 
dewar, and described his use of a Java-based camera system 
for sample viewing.  

comments (that the organizer, perhaps, was not intended to 
hear) included: “That was way too technical for me”; “The biol-
ogy was over my head”; and “Definitely not the way I’m used to 
thinking about problems.” It’s our hope that such symposia can 
continue to increase awareness of the problems and methods 
encountered in a research area like biomineralization, which 
presents so many faces. For this reason, we are especially 
appreciative of the support and participation that this workshop 
received. We would like to thank the NSLS, the NSLS Users’ 
Executive Committee, the Center for Functional Nanomaterials, 
and BNL videographer Alex Reben.

— Elaine DiMasi

The Impact of Cryogenic Specimen Automounters on the Future of Macro-
molecular Crystallography Workshop attendees

Aina Cohen represented the Stanford Synchrotron Radiation 
Laboratory (SSRL) robot effort, one of the earliest in the PX 
community, whose device depends on an industrial robot for 
flexibility. They have very much experience and have made 
many refinements to the original system to provide reliability. 
The SSRL group has developed a web site for sharing ideas 
about automounters: http://smb.slac.stanford.edu/robosync/.

Franck Felisaz, of the Joint Structural Biology Group at the Eu-
ropean Synchrotron Radiation Facility’s (ESRF) European Mo-
lecular Biology Laboratory (EMBL), Medical Research Council 
Grenoble, described a robot named SC3 that was developed 
at the EMBL. Eight of these have been built for ESRF, com-
mercialized through Maatel and marketed through Accel. An 
especially attractive feature is the software, which can be used 
with a pocket PC to read bar code labels on crystal-growth 
trays in order to transfer that information to the data-collection 
software. Bernard Lavault, also from EMBL, described image-
recognition software (“C3D”) for locating and centering crystals 
on the goniometer. It has an impressive record of finding the 
real crystal in globs of vitrified liquid. He emphasized the impor-
tance of lighting and the ability to vary lighting direction and in-

tensity. Deming Shu, a member of the instrument-development 
group at the APS, described their design of a custom robotic 
system based on a commercial six-axis robot. There are many 
refinements, in particular a force-sensing gripper.  

Several commercially available robotic systems were described 
as well. Ross Doyle of Mar USA described the MAR Cryogenic 
Sample Changer, which can be provided as part of MAR dtb 
(desk-top beamline). This system is used at several places in 
Europe and at the Structural GenomiX beam line at the APS. 
Anne Mulichak, a member of the Industrial Macromolecu-
lar Crystallography Association Collaborative Access Team 
(IMCA-CAT) at the APS, described their experience using 
ACTOR, the six-axis robot produced by Molecular Structure 
Corporation of The Woodlands, Texas. This instrument is an 
engineered adaptation of the first such robot ever produced 
(by Abbott Pharmaceuticals for their internal use). After a few 
years’ experience at IMCA-CAT the machine is in fairly routine 
use now. Ehmke Pohl of the Swiss Light Source reported that 
they purchased one two-Dewar ACTOR system. They put 
special effort into accurately intersecting the x-ray beam with 
the crystal, employing x-ray beam position monitors to provide 
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Spectroscopic Studies of Nanoscaled Systems 
Workshop
May 25, 2005

A workshop titled “Spectroscopic Studies of Nanoscaled 
Systems” was held on May 25, 2005, as part of the National 
Synchrotron Light Source 2005 Annual Users’ Meeting. This 
workshop was intended to be a forum on the connection be-
tween nanoscience and the physics of interacting electron sys-
tems, particularly the occurrence of electronic ordering at the 
nanoscale in oxides, both in extended crystals and in artificial 
heterostructures. Our hope was that this session might feed 
the discussion concerning the correlated electron thrust area at 
Brookhaven Lab’s planned Center for Functional Nanomateri-
als.

The day opened with a presentation on quantum confinement 
effects in thin films by Tai Chiang from the University of Illinois. 
Chiang’s group carried out angle-resolved photoemission 
measurements on thin films of lead and determined a direct 
correlation between the thermal stability of layers of differ-
ent thickness and the binding energy of the highest occupied 
orbital. This stability arises from the confinement of the electron 
in the direction perpendicular to the film and turns out to be 
periodic in the layer thickness. This periodicity can be thought 
of as a one-dimensional analogue of the periodic table.

The next speaker was Seamus Davis from Cornell University, 
who presented scanning tunneling spectroscopy (STS) mea-
surements of the copper-oxide superconductor 
Ca2-xNaxCuO2Cl2. In an earlier study this material was reputed 
to contain an electronic (i.e. Wigner) crystal, and the current 
presentation contained additional measurements showing 
spectral weight modulations at a large binding energy (~ 200 
meV). These measurements spurred a continuation of the 
debate over the definition of the term “Wigner crystal” and what 

Spectroscopic Studies of Nanoscaled Systems Workshop attendees

feedback for 10-micrometer positional stability. They’re looking 
into using ultraviolet sensing together with visible light to locate 
the sample. Finally, Bob He, from the Bruker-Nonius company 
of Madison, Wisconsin, described yet another quite successful 
commercial robot based on a six-axis system. This system has 
found acceptance in the home-lab small-molecule community, 
and it works just fine in PX.   

An hour and a half were reserved at the end of the workshop 
for open discussion. Both builders and users seriously dis-
cussed the standardization of the fixtures the experimenters 
use to handle their specimens: crystal “caps” and pins, and the 
cassettes used to carry the caps to the automount robot. The 
discussion yielded important, detailed ideas that have been 
passed on to the American Crystallographic Association Data, 
Standards, and Computing Committee.

— Robert Sweet

aspect of STS measurements may be thought of as charge 
order.

After Davis, Ali Yazdani from Princeton University presented 
similar measurements on underdoped Bi2Sr2CaCu2O8+δ with 
trace quantities of zinc. These STS measurements were 
carried out in the pseudogap state, i.e. Tc < T < T*. Yazdani 
observed a “checkerboard” pattern that appears to be elec-
tronic in origin, disappears when the sample is cooled into the 
superconducting state, and was speculated to arise from some 
competing order responsible for the pseudogap. What relation 
these measurements have to Davis’ Wigner crystal, or to the 
stripe phases seen with neutron scattering, is still a mystery. 

After a lunch break, Girsh Blumberg of Bell Laboratories pre-
sented Raman measurements of very lightly doped La2CuO4+y 
(LCO), as well as the spin ladder material Sr14Cu24O41, to 
characterize the nature of the inhomogeneity in these systems. 
From his measurements he concludes that the inhomogeneity 
in LCO is actually two dimensional (“giraffe disorder”), rather 
than one-dimensional (“zebra disorder”).

The discussion turned from intrinsic-occurring order to artificial 

order with a presentation on quantum wires of underdoped 
YBa2Cu3O6+y by Dale Van Harlingen of the University of Illinois. 
The Van Harlingen group carried out four-probe transport mea-
surements on such wires and observed quasi-random “tele-
graph” noise in the IV characteristics. This noise was seen only 
at temperatures around the pseudogap temperature T*, and 
was speculated to arise from stripe domains that exist above 
Tc and thermally switch at random times. Such switching is not 
seen in optimally doped wires.

A major topic of discussion at the workshop was whether the 
physics of oxides differs substantially if patterned into nano-
structures. Insight into this subject was provided by Antonio 
Castro-Neto of Boston University, who gave a theoretical per-
spective on the edge states that might arise at the surface of 
a (1,0,0) terminated doped Mott insulator. In a study based on 
density matrix renormalization group techniques, carried out in 
collaboration with Stephen White of the University of California 
at Irvine, Castro-Neto concluded that static stripes form near a 
terminated surface and, with increasing U, spread out from the 
bulk and move to the surface. These effects may be important 
for the properties of transition metal oxide devices.
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Application of SAXS to Biological Structures 
Workshop
May 25, 2005

The development new synchrotron sources has enabled chal-
lenging small-angle x-ray scattering (SAXS) experiments that 
require extremely small, yet intense x-ray beams. An example 
is time-resolved scattering from proteins undergoing folding 
at millisecond or better time resolution. However, the emer-
gence of these new sources does not make SAXS instruments 
that are based on older second-generation sources, such as 
the NSLS, obsolete. Instead, these instruments continue to 
contribute to biology and biomaterials research. This workshop 
was intended to show the user community how SAXS can be 
used to facilitate structural studies of biological systems with 
examples of studies achievable at second-generation synchro-
tron sources.

The morning session of this workshop focused on solution 
scattering from proteins and protein complexes. Dmitri Svergun 
(European Molecular Biology Laboratory) described applica-
tions of the low-resolution structural modeling programs de-
veloped in his group. These data analysis methods are based 
on static measurements that do not require very high source 
brightness. He gave examples for a broad range of sizes, from 
individual macromolecules to multi-domain proteins and large 
macromolecular assemblies. Structural modelling of molecular 
complexes is particularly effective when combined with high-
resolution structures of the constituting subunits.

The scattering at higher angles corresponds to structures 
at smaller length scales. Lee Makowski (Argonne National 
Laboratory) showed that scattering within this region contains 
information on the secondary structures and folding motif of the 
protein. Wide-angle x-ray scattering (WAXS) data can therefore 
be utilized to quantify the structural difference between protein 
structures as a distance in the WAXS space. Proteins known 
to have similar structural motifs have the shortest distances. 
This method, therefore, may be a sensitive, global method for 
detecting structural changes in proteins, narrowly categorizing 
proteins based on their scattering homology to known folds 

Application of SAXS to Biological Structures Workshop attendees

The session closed with a presentation by Satoshi Okamoto of 
Columbia University on the subject of electronic reconstruction 
in oxides with reduced dimensions, such as at surfaces and 
interfaces in artificial structures. Okamoto carried out a compu-
tational study of the interface between LaTiO3 (a Mott insula-
tor) and SrTiO3 (a band insulator), and found that the interface 
between the two is, in fact, highly metallic and exhibits orbital 
ordering. The precise form of the orbital ordering depends on 
the thickness of the interface and the geometry of the structure. 
Such effects may have already been seen by groups at Bell 
Labs and in Korea.

— Peter Abbamonte and Peter Johnson

and elucidating the differences between crystal structures and 
aqueous conformations. 

Scattering from protein solutions is not only capable of 
charactering the structure of proteins, but also the interaction 
potential between them. This capability is employed by Annette 
Tardieu (Centre Nationale de la Recherche Scientifique) to 
study the conditions that are optimal to obtain protein crystals. 
The major result from her research is that attraction between 
protein molecules may be tuned with salt and/or with PEG. The 
optimal condition depends upon the macromolecular size: With 
small compact proteins the Hofmeister effect may be sufficient 
to induce an attractive regime and crystallization, whereas 
the presence of PEG is required with higher molecular weight 
complexes. 

The last speaker of the morning session was Jack Johnson 
(The Scripps Research Institute), who studied the maturation of 
HK97 bacteriophage capsid. This dynamical process proceeds 
at a moderate speed (on the order of seconds) and was moni-
tored with time-resolved SAXS. This study is a great example 
of how protein crystallography, electron microscopy, small-

angle scattering, and fluorescence complement each other to 
provide a more complete picture of the biological process that 
may not be elucidated by any of these techniques alone.

The afternoon session moved on to the application of SAXS to 
more complex structures in biological tissues. Due to the pres-
ence of various periodic structures, scattering data from tissues 
often contain diffraction peaks and there is no uniform method 
of analyzing the data. Ben Hsiao (Stony Brook University) mod-
eled the shape and position of small-angle diffraction peaks 
from fish bones. His data analysis quantified the diameter of 
collagen fibrils, the orientation distribution of fibrils, the coher-
ence length, as well as the mineral (calcium phosphate) dimen-
sions and orientation in the bones. Myosins and actin fibers 
in muscle also produce diffraction peaks. Leepo Yu (National 
Institutes of Health) studied the structural change in muscles 
as the chemical-to-mechanical energy conversion that drives 
muscle movement takes place. In search for materials for 
replacing defective heart valves, Jun Liao (University of Pitts-
burgh) studied candidate tissues under biaxial stretch either 
with constant force or constant displacement. The response of 
the tissue gives a good indication of its mechanical integrity. 
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In-Situ Kinetic Analyses in Environmental 
and Chemical Systems Workshop
May 25, 2005

Natural environmental systems, such as soils, sediments, and 
subsurface aquifers, are always in a state of disequilibrium. 
Changes in porewater chemistry, biological activity, and chemi-
cal properties, such as particle-water interfacial composition, 
redox potential, and pH, occur over time scales ranging from 
microseconds to years. Research on the kinetics of chemical 
and physical processes at different time scales is essential for 
understanding the fate and transport of environmental contami-
nants. A workshop organized by Dean Hesterberg and Jeff Fitts 
for the NSLS Annual Users’ Meeting on May 25, 2005, brought 
together a multidisciplinary group of scientists who discussed 
in-situ approaches for studying time-dependent chemical 
processes.

The workshop was dedicated to the memory of the late Dale E. 
Sayers. Ed Stern (University of Washington) provided a histori-
cal perspective on Sayers, discussing how, as a Ph.D. student 
in 1971, Sayers pioneered (along with Stern and Farrell Lytle) 
the first correct physical model explaining the extended x-ray 
absorption fine structure (EXAFS). This breakthrough led to de-
velopment of XAFS spectroscopy as an analytical tool for de-
termining the local molecular structure of condensed phases. 
Stern discussed the unique advantages of XAFS spectroscopy 
in determining short-range structure, valence, local symme-
try, and angular deviation of atoms from collinearity. He also 
described nanosecond-scale time-dependent studies involving 
laser excitations of atoms in tandem with photon pulses inher-
ent in synchrotron radiation.

Donald L. Sparks (University of Delaware) gave an overview of 
the importance of understanding the kinetics of reactions and 
processes in soils and sediments. Given the extreme com-
plexity of such matrices, it is challenging to measure chemical 
kinetics separate from diffusion. Soil chemical reactions involv-
ing inorganic and organic contaminants often show an initially 
rapid rate followed by a slow approach to steady state, with 
hysteresis upon reversal. Very short, real-time, molecular-scale 
analyses are needed to determine chemical kinetics in isolation 
from transport, and elucidate reaction mechanisms that deter-
mine the fate of environmental contaminants.

One promising method for measuring short-term kinetics is 
Quick-EXAFS. Wolfgang Caliebe (NSLS) compared various 
Quick-EXAFS systems and showed Quick-EXAFS spectra 
collected at the NSLS on time scales of seconds. The rate-

limiting component for Quick-EXAFS is typically the detec-
tor. The application of time-resolved in-situ EXAFS analysis 
was illustrated for battery materials by Mali Balasubramanian 
(Advanced Photon Source). These examples showed how 
quasi-equilibrium states of chemical reactions could be probed 
on times scales of three to 30 minutes. For example, XAFS 
spectra revealed how chromium ions migrate between octahe-
dral and tetrahedral positions in Mn-oxide systems.

The precipitation, growth, and crystallization of naturally oc-
curring iron oxides under various redox and pH conditions 
regulate the mobility of chemicals in the environment by, for 
example, adsorption and encapsulation. Sam Shaw (Oxford 
University) described in-situ, synchrotron-based time-resolved 
small-angle x-ray scattering (SAXS) and time-resolved x-ray 
diffraction (TRXRD) studies that followed the growth of poorly 
ordered iron oxyhydroxide (ferrihydrite) and its transformation 
into goethite and hematite, which are more stable crystalline 
endproducts. Rapid (seconds to minutes) precipitation and 
crystal growth of ferrihydrite was followed with SAXS using a 
stopped-flow reaction cell. Adsorption of chemical species such 

as phosphate on freshly precipitated mineral phases slows the 
overall crystal growth and retards growth on specific crystal 
faces. Based on activation energies calculated from TRXRD, 
ferrihydrite apparently transforms to goethite by dissolution and 
precipitation and to hematite by solid-state transformations.

John Parise (Stony Brook University) and James D. Martin 
(North Carolina State University) gave additional examples of 
using TRXRD to follow chemical kinetics. Parise showed how 
this technique could be used to optimize the synthesis of a 
titanium silicate material to maximize its selectivity for cesium, 
an important radioactive contaminant in nuclear waste. Highly 
selective binding of this element by ion exchange was attrib-
uted to structural distortions in the material. By following total 
scattering from nanocrystalline materials over time, evolution 
of the pair-distribution functions for FeS minerals were also 
determined. Martin used TRXRD coupled with differential scan-
ning calorimetry to study the nucleation and growth of ZnCl2 
from melts. The rate of crystal growth was inversely related to 
the initial temperature of the melt. For sodalite, templating was 

In-Situ Kinetic Analyses in Environmental and Chemical Systems Workshop 
attendees

The workshop also included a brief tour of SAXS beamlines 
X27C and the newly renovated wiggler-based X21 beamline, 
and ended with a discussion session during which a number of 
NSLS SAXS users presented their results.

— Lin Yang
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Tony Lenhard Receives the 2005 UEC Com-
munity Service Award
May 24, 2005

This year, the NSLS Users’ Executive Committee (UEC) pre-
sented the UEC Community Service Award to Tony Lenhard, 
Senior Technical Supervisor, NSLS User Science Division. The 
award is given for service, innovation, and dedication to NSLS 

users, and Tony is well deserving 
of that honor.

As a tribute to nearly 25 years 
of dedicated support for NSLS 
experimenters and beamlines, 
members of the NSLS user com-
munity nominated Tony Lenhard 
for this year’s award. Tony has 
demonstrated an uncommon 
dedication to improving the 
experimental setups at the NSLS. 
Here are quotes and paraphrased 
comments from some of the users 
who nominated Tony:

• Tony has supervised the Beamline Development and Sup-
port group that has been central to the construction, upgrade, 
and maintenance of all of the User Science Division beamlines: 
x-ray, ultraviolet, and infrared, including the insertion devices.

• As supervisor of that group, his superior traits have set the 
standard and inspired all of the NSLS User Science Division 
technical staff to excellence. 

• “Tony is always ready to advise on the mechanical design of 
users’ experimental apparatus, even under acute time pres-
sure.”

• “Tony is a treasure house of technical knowledge and skill 
in setting up beamlines and experiments. He has had a huge 
impact on the user community, based on his supervision of the 
technical work on every one of the NSLS-operated beamlines. 
Since many of the PRT beamlines look to the NSLS-construct-

Tony Lenhard

found to be critical to crystal growth, with isothermal crystal-
lization only occurring if the melt reached a critical temperature 
below the melting temperature, which allowed proper ordering 
of the templating cations.

In summary, in-situ synchrotron-based x-ray absorption, scat-
tering, and diffraction are successfully used to follow the kinet-
ics and mechanisms of chemical processes in a variety of sys-
tems. Further developments and applications of these methods 
to probe reactions at increasingly shorter time scales in highly 
heterogeneous natural systems will advance our understand-
ing of the short- and long-term fate of chemical contaminants in 
the environment.

— Dean Hesterberg and Jeff Fitts

NSLS UEC Vice Chair Peter Stephens presents the 2005 UEC Community 
Service Award to Tony Lenhard at the Users’ Meeting banquet.

ed beamlines for technical guidance, Tony’s mark is probably 
on every single beamline at the NSLS.”

• Many of the people who wrote in support of his nomination 
made particular mention of his special talent for coming up with 
a simple solution to a mechanical problem, often quite different 
from what the experimenter initially visualized.

• “I don’t believe the community properly appreciates his con-
tributions to the many experiments that otherwise would have 
been delayed.”

• Tony is patient and unflappable to a remarkable degree, 
especially considering the excited state that experimenters 
are often in when facing technical difficulties at the start of an 
experiment.

• “Tony may be one of the most underappreciated treasures 
in the NSLS. He is often on the spot when users arrive and he 
has to make some quick modifications to equipment to allow 
them to complete an experiment.”

• “Tony plays a crucial role in assisting NSLS users while they 
are performing experiments. Every user facility needs a person 
like Tony: someone who knows how to build or modify any me-
chanical part in a short amount of time, and someone who is 
kind enough to help guide experimenters in the right direction.”

• Tony has served the NSLS User Community in the ways 
described above for essentially the entire life of the NSLS. 
Ironically, many of the users whose experiments run well have 
never even met him. It is time for him to be recognized for this 
service via this Community Service Award.

Peter Stephens vice chair of the UEC, presented the award to 
Tony at the NSLS Users’ Meeting banquet on the evening of 
Tuesday, May 24th. Tony received a $250 gift certificate and 
his name was engraved on the plaque on display in the NSLS 
lobby. Congratulations Tony, and thanks for a job well done!

— Peter Stephens
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Crystallization Workshop Gets Top Marks 
From Participants
June 6-8, 2005

The “Crystallization: Focus on Optimization Techniques, 
Soluble and Membrane Proteins” course organized by Naomi 
Chayen (Imperial College of London) and Vivian Stojanoff 
(NSLS) took place at the NSLS from June 6 through June 8. 
During those three days, 55 researchers from the U.S. and 
abroad discussed and experienced hands-on the complexity of 
the protein-crystal growth process. 

Several lectures to introduce the subject and eight parallel 
practical sessions were held by experts in the field during three 
days. Neer Asherie (Yeshiva University) discussed “Under-
standing of the Protein Phase Behavior,” Pat Loll (Drexel 
University) discussed the “Effects of Detergents,” Marie Claude 
Marchand (Nextal) discussed the “Vapor Diffusion Method and 

Optimization Techniques,” Gwen Nneji  (Imperial College of 
London) discussed “Non-standard Crystallization Techniques,” 
Petra Fromme (Arizona State University) discussed “Phase 
Diagrams: A Way for the Rational Design of Membrane Protein 
Crystallization,” and Peter Nollert (deCODE Genetics) dis-
cussed “Micro Crystallization Using the Lipidic Cubic Phase 
Methodology.”

The practical sessions also included talks on “Purification Tech-

Crystallization Workshop attendees

NSLS Physicist, Zhong Zhong, Awarded 
Tenure
June 1, 2005

BSA granted tenure on June 1 to five Brookhaven scientists. 
They were: Ivan Bozovic, Materials Science Department; Ser-
gei Lymar, Chemistry Department; James Misewich, Materials 
Science; Werner Vogelsang, Physics Department; and Zhong 
Zhong, National Synchrotron Light Source Department.

Tenure appointments are granted by action of the BSA Board 
after a rigorous selection procedure overseen by the BSA Sci-
ence & Technology Steering Committee. 

In making tenure decisions, the BSA Board is advised by 
members of the Brookhaven Council, an elected body that 

advises the Director 
on matters affecting 
the scientific staff.

At the NSLS, physi-
cist Zhong Zhong 
received tenure for his 
contributions to instru-
mentation, leadership, 
and for his innovative 
and creative original 
research. “Zhong is 
widely recognized for 
his major and creative 
contributions to the 
design and imple-
mentation of novel 
x-ray optics and as 
the co-inventor of a 
new medical imaging 

technique that has great potential as a powerful and unique 
diagnostic tool,” said Steven Dierker, Brookhaven’s Associate 
Laboratory Director for Light Sources.

Conducting theoretical and experimental studies, Zhong 
devised a novel method for focusing high-energy x-rays and 
also a powerful new tool for fluorescence detection — offering 
scientists new ways to study previously inaccessible materials. 
Zhong is also coinventor of diffraction-enhanced imaging, or 
DEI, a technique that makes use of variations in how tissues 
refract and/or scatter x-rays, rather than absorption, which can 
be used to visualize soft tissues as well as bone at consider-
ably lower x-ray doses than traditional radiography. DEI shows 
promise in diagnosing breast cancer and other soft-tissue 
diseases. In addition, Zhong serves as spokesperson for two 
NSLS beam lines, and is expected to help establish a Biomedi-
cal Imaging Research Resource at the facility.

According to Dierker, “Zhong’s talent and expertise in finding 
creative solutions to the most challenging optics and instru-
mentation problems will be especially crucial at NSLS-II, which 
will present new and difficult instrumentation challenges to take 

Zhong Zhong

advantage of its world-leading brightness.”

Zhong received a B.S. in physics from Beijing University in 
1990, an M.S. in applied physics from Michigan Technological 
University in 1992, and a Ph.D. in physics from Stony Brook 
University in 1996. He joined the NSLS as a postdoctoral 
research associate in 1997, and has since been promoted to 
assistant scientist (1998), x-ray ring manager (1999), associ-
ate physicist (2000), and physicist (2002). He has also been an 
adjunct assistant professor in Biomedical Engineering at Stony 
Brook University since 2001. 

— Karen McNulty Walsh
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BioCD-2005
June 20-24, 2005

An intensive weeklong course on circular dichroism (CD) was 
presented at the NSLS at Brookhaven National Laboratory, 
from June 20-24.

CD is the difference in absorption of left and right circularly po-
larized light. It is observed in the spectral regions of absorption 
of molecules that are chiral, i.e. lacking a center of symmetry. 
While most CD spectra are small — only a tiny fraction of the 
total absorption — biopolymers with helical structures, such as 
proteins, DNA, RNA and polysaccharides, exhibit informative 
CD spectra.

The objective of BioCD-2005 was to acquaint the participants 
with the theory of ultraviolet CD spectroscopy, techniques, 
and instrumentation for acquiring CD data with laboratory and 
synchrotron-source instruments, as well as computational tools 
for analysing CD spectra, with special emphasis on determina-
tions of the net secondary structure of proteins.

The motivation for a new course on CD spectroscopy is due, 
in part, to recent advances in CD spectrometers and acces-
sory equipment, plus the development of new software for data 
analysis. The initial synchrotron beamlines for CD spectros-

BioCD-2005 participants

copy were built at Tantalus and SURF II, moving to Aladdin and 
the NSLS, respectively, when these facilities opened. Within 
recent years, there has been a significant increase in interest 
in synchrotron radiation CD (SRCD). NSLS beamline U11 is 
being commissioned as a dedicated facility for UV CD spec-
troscopy and the Synchrotron Radiation Source at Daresbury 
(United Kingdom) recently brought beamline 12.1 online in 
the same role. SRCD instruments are also operating at the 
Institute for Storage Ring Facilities in at the University of Århus 
in Denmark, BESSY II in Berlin, HiSOR in Hiroshima, and the 
Beijing Synchrotron Radiation Facility. Additionally, there are 
plans for new CD beamlines at the Diamond Light Source in 
the UK and at SOLEIL in France.

Students attending BioCD-2005 were from the United States, 
the UK, Sweden, Ireland, Portugal, and Mexico, and included 
graduate students, postdoctoral researchers, and established 
investigators from industrial and governmental laboratories. 
Lectures were presented by Bonnie Wallace and Lee Whitmore 
(Birkbeck College, University of London), Robert Janes (Queen 
Mary College, University of London), John Sutherland and Lisa 
Miller (BNL), and Eugene Stevens (State University of New 
York at Binghamton). Sutherland, Wallace, Janes, and Miller 
organized the course. John Trunk, Denise Monteleone. and 
Michael Appel provided technical support. The hands-on labo-
ratories included data collection on beamlines U9B and U11 

plus a conventional (lab-based, commercial) CD spectrometer. 
On-line data analysis of protein structures used the DichroWeb 
web site, based at Birkbeck College in London.

Topics covered by the workshop included: "Principles of CD 
Spectroscopy," "CD of Proteins, Analyses of Protein Secondary 
Structures and Practical Considerations in Measurements of 
CD Spectra," "Instrumentation for CD and SRCD," "CD Bioin-
formatics," "Demonstrations of Software for CD Spectroscopy," 
"Time Resolved Spectroscopy," "CD of Membrane Proteins," 
"Data Bases for Analysis of CD Spectra," "CD of Nucleic Acids 
and  Polysaccharides (ES)," "Vibrational Spectroscopy," and 
"Linear Dichroism and Applications of SRCD to Structural and 
Functional Genomics". The workshop ended with an open dis-

niques” by Janmeet Anand and Debbie Cohen (GE Health-
care), “The Light Scattering as a Diagnosis of Protein Purity” 
by Trevor Harvard (Precision Detectors), and “High-Throughput 
Screening of Crystallization Conditions” by Chris Gawronski 
(Fluidigm). 

The 40 participants were divided into eight groups and rotated 
through the two-hour practical sessions. The course was 
designed to allow participants to experience different crystal-
lization techniques and discuss the available optimization tools. 
The importance of protein purity and knowledge of phase dia-
grams were stressed in several lectures and practical sessions. 
Participants had the opportunity to try the different methods 
on standard or known proteins, such as lysozyme, thaumatin 
proteinase K, photosystem I, and bacteriordopsin. 

Several participants brought their own proteins and tried the 
different methods and screening techniques to screen or opti-
mize crystallization conditions. They used plates from Nextal, 
Hampton Research, Douglas Instruments, Molecular Dimen-
sions, and Jena Biosciences. Several participants character-
ized their proteins by light scattering using the system provided 
by Precision Detectors, first finding possible improvements in 
the crystallization conditions they were using.

Overall, all the participants recommended organizing similar 
workshops in the future, as this is the only course in the U.S. 
that offers real experience in protein crystallization. 

— Laura Mgrdichian
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Changes to NSLS User Access Policy
June 30, 2005

Important changes to operations at the NSLS were incorpo-
rated into the NSLS User Access Policy. This policy will support 
the NSLS in its mission to perform outstanding science in 
a safe and environmentally friendly manner. The document 
outlines the general policies for user access to the NSLS and 
is designed to ensure open and fair access to the NSLS by the 
scientific community at large, to sustain the highest standards 
of scientific and technical excellence, and to be responsive 
and adaptable to varying user needs and funding realities. The 
policy changes were made after consulting with the NSLS User 
Executive Committee and were approved by the NSLS Science 
Advisory Committee.

Facility Beamlines
One major change in the new policy is the creation of “facility” 
beamlines, which are controlled and managed by the NSLS. At 
least 75% of the available beam time on each facility beamline 
will be allocated to general users and one or more contributing 
users, with at least 50% of the available beam time going to 
general users.

Contributing Users
Another major change is the establishment of a new mode 
of user access, known as contributing users (CUs). CUs are 
individuals or groups who carry out research at facility beam-
lines as well as enhance the capabilities of those beamlines 
or contribute to their operation. CUs typically develop instru-
mentation in some manner, bringing external financial and/or 
intellectual capital into the development of the beamlines or 
making an external contribution to the operation of the beam-
lines. To encourage involvement, and in exchange for support-
ing the general user program, CUs may be recognized for their 
investments by receiving a specified percentage of beam time 
on one or more beamlines for a period of up to three years, 
with the possibility of renewal. The first group of CUs will be 
selected on September 1, 2005.

The new NSLS User Access Policy can be found at: 
http://www.nsls.bnl.gov/newsroom/publications/manuals/ppm/.

— Chi-Chang Kao

cussion on the future of CD and SRCD in structural molecular 
biology.

BioCD-2005 was supported by the Office of Biological and En-
vironmental Research within the U.S. Department of Energy’s 
Office of Science, and BNL’s Biology and NSLS departments.

— John Sutherland

NSLS Scientists Recognized 
by the American Physical 
Society
June 30, 2005

Three NSLS user researchers —Jan 
Genzer, Thomas Russell, and Gabriel 
Aeppli — were honored with presti-
gious American Physical Society (APS) 
awards. Additionally, two other NSLS sci-
entists — user Robert Bartynski and the 
NSLS’ own Li-Hua Yu — were elected as 
fellows of the APS. 

“For his highly creative manipulation of 
surface properties via monolayer and 
macromolecular films,” Genzer, a materi-
als scientist at North Carolina State Uni-
versity, was awarded the Dillon Medal.

The Polymer Physics Prize went to Rus-
sell, a polymer scientist with the Univer-
sity of Massachusetts. He was cited “for 
his pioneering research and fundamental 
elucidation of the surface and interfacial 
behavior of polymers.”

Aeppli, a condensed matter physicist 
with University College London, received 
the Oliver Buckley Prize “for fundamental 
contributions to experimental studies of 
quantum spin dynamics and spin coher-
ence in condensed matter systems.”

Bartynski, a condensed matter physicist 
at Rutgers University, was elected “for 
pioneering experiments to determine the 
electronic properties of surfaces, espe-
cially for leadership in developing Auger 
Photoelectron Coincidence Spectros-
copy (APECS) with synchrotron radiation 
as a tool for local electronic structure.”

Yu, a beam physicist at the Deep Ultra-
violet Free-Electron Laser at the NSLS, 
was elected “for creative contributions to 
the theory of self-amplified spontaneous 
emissions and high-gain harmonic-gen-
eration, and the experimental demon-
stration of the high-gain harmonic-gen-
eration free-electron laser.”

More information on the awards is avail-
able at 
http://www.aps.org.praw/05winners.cfm.

— Laura Mgrdichian

Jan Genzer

Thomas Russell

Robert Bartynski

Gabriel Aeppli

Li-Hua Yu
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Protein Rush at the NSLS
July 1, 2005

In the spring of 2005, the Protein Structure Initiative (PSI) 
launched the second phase of its national effort to find the 
three-dimensional shapes of a wide range of proteins. This is 
good news for the NSLS, since many of those structures will be 
determined here. But more importantly, the structural informa-
tion will help reveal the roles that proteins play in health and 
disease and will help point the way to designing new medi-
cines.

The highlight of the PSI second phase was the announcement 
of 10 new research centers, which marks the second half of the 
decade-long initiative. The centers are slated to receive about 
$300 million in grants over the next five years.

When the PSI established its pilot centers in 2000, its goal was 
twofold: to develop innovative approaches and tools, such as 
robotic instruments, that streamline and speed many steps of 
generating protein structures, and to incorporate those new 
methods into pipelines that turn DNA sequence information into 
protein structures. 

Now, the focus shifts to pro-
duction. The new centers will 
use methods developed dur-
ing the pilot period to rapidly 
determine thousands of pro-
tein structures found in organ-
isms ranging from bacteria 
to humans. These efforts will 
facilitate structure determina-
tion on a much larger number 
of proteins through computer 
modeling.

The PSI production phase 
includes two types of centers. 
Four large-scale centers, 
established during the pilot 
phase, hope to generate 
between 3,000 and 4,000 
structures. Six smaller, spe-
cialized centers will develop 
novel methods for quickly 
determining the structures 
of proteins that traditionally 
have been difficult to study. 
These include small protein 
complexes, proteins that 
attach to a cell’s outer “skin,” 
or membrane, and many pro-
teins from higher organisms, 
including humans.

As before, the PSI centers 
will submit their structures 

and related findings to the Protein Data Bank, an NSF- and 
NIH-supported public repository of three-dimensional biological 
structure data.

The Protein Structure Initiative is funded largely by the National 
Institute of General Medical Sciences (NIGMS) and also re-
ceives funding from the National Center for Research Resourc-
es. Both centers are part of the National Institutes of Health.

More on how BNL and NSLS are involved

In 2000, an organization called the New York Structural Ge-
nomiX Research Consortium was formed as part of the PSI 
pilot program. During the pilot period, members of this consor-
tium developed many innovative methods and determined ap-
proximately 200 new protein structures. The majority of these 
structures were deciphered at the NSLS, with about 50 of them 
being determined by Brookhaven scientists. In fact, two of the 
consortium’s principal investigators are Brookhaven Lab biolo-
gists Subramanyam Swaminathan and William Studier.

In the second PSI phase, the Brookhaven group will continue 
to solve structures at the NSLS and work to improve their 
methods. Over the five years, the consortium will receive ap-
proximately $48 million, with about $9.5 million of that support-
ing research at Brookhaven Lab.

The consortium’s other member institutions are Albert Einstein 
College of Medicine, Mount Sinai School of Medicine, The 
Rockefeller University, and Weill Medical College of Cornell 
University.

— Laura Mgrdichian

Three protein structures determined 
at the NSLS as part of the Protein 
Structure Initiative (Images courtesy 
www.nysgrc.org.)

Highlights from the 2005 NSLS Summer 
Sunday
August 7, 2005

An enthusiastic crowd of 700-plus visitors came to the National 
Synchrotron Light Source on August 7 as part of Brookhaven 
Lab’s Summer Sundays program, crowding the lobby, seminar 
room, and front patio 
to see what the NSLS 
had in store for them. 
The program welcomes 
the public to the Lab 
on several consecutive 
Sundays in the summer, 
highlighting a different 
facility each week.

Guests arrived at 
Berkner Hall, where an 
NSLS scientist first gave 
a brief NSLS overview 
talk and discussed how 

Out on the patio there were several fun, 
interesting exhibits
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A steady stream of visitors filled the NSLS lobby

“MC” Gerry Van Derlaske with a happy raffle 
winner

Summer Sunday volunteers help young guests build 
“crystals” out of toothpicks and gumdrops

Volunteer Ted Feldman shows visitors how the 
“Electron Catapult” display works

they use the NSLS 
to perform their 
own research. 
From there, visitors 
boarded a bus to 
the NSLS.

There were many 
things to do and 
see at the facility. 
Fifteen hands-on 
displays were set 
up in the lobby, 
seminar room, 

and patio to show visitors how the NSLS works and teach 
them about the science performed there. For example, the 
new “Electron Catapult” display showed visitors how different 
amounts of energy are required to propel an electron from an 
atom’s “ground state” level to higher levels. This concept is key 
to many NSLS experiments.

At the “Crystals: Unlock-
ing the Secrets of Life” 
display, many kids had a 
great time building “crys-
tals” from toothpicks and 
gumdrops — some left 
with gigantic creations!

Another, always popular 
display was “Sounds of 
Silence,” where guests 
watched how a vacuum 
pump caused Marshmal-
low Peeps to expand 
and then, when turned 

off, to shrivel down to a smaller size than when the experiment 
began. Guests learned that the shrunken candies were still ed-
ible (perhaps even tastier that way).

And at “See the Light,” visitors could see actual synchrotron 
light, guided to the lobby from the experimental floor by a fiber-
optic cable.

Upon entering the building, each guest received a quiz with 
several questions 
that could be an-
swered by visiting 
each display. Every 
finished quiz was 
handed in and 
redeemed for an 
NSLS keychain 
flashlight and, ev-
ery half-hour, one 
quiz was selected 
raffle-style to re-
ceive another prize 

— an NSLS baseball cap or BNL polo shirt.

Always a powerful sight for guests are the lobby and second-
floor viewing windows that look down over the NSLS experi-
mental floor. Looking down across the expanse of hardware, 
aluminum foil, and wiring is always fascinating for first-time 
visitors. At both windows, NSLS scientists were available to 
answer questions. Large neon numbers placed on the floor 
clearly labeled various components.

Outside the building, on the patio, NSLS scientists demon-
strated how solar cars and water rockets worked, among other 
fun and interesting toys.

The day’s success was 
made possible by many 
volunteers: Marc Allaire, 
Michael Appel, Steve 
Bennett, Mike Buck-
ley, Wolfgang Caliebe, 
Shailendra Chouhan, 
John Dabrowski, Elaine 
Di Masi, Matt Engel, Lar-
ry Fareria, Ted Feldman, 
Ed Haas, Sarah Heins, 
Steve Hulbert, Anubav 
Jain, Ariane Kretlow, 
Kathryn Krycka, Tony 
Kuczewski, Tony Lanzirotti, Alan Levine, Andreana Leskovjan, 
William Little, Ebrahim Mahajna, Corinne Messana, Laura Mgr-
dichian, Laura Miller, Lisa Miller, Eileen Morello, Wendy Morrin, 
Susila Ramamoorthy, Perumal Ramasamy, Lydia Rogers, Ray 
Raynis, Meghan Ruppel, Sami Khouri Salameh, Sharadha 
Sambasivan, Cecilia Sanchez-Hanke, Anne Schirmer, Randy 
Smith, Peter Stephens, Raji Sundaramoorthy, Tejas Telivala, 
Heather Turbush, Gerry Van Derlaske, Adele Wang, Gary 
Weiner, Marty Woodle, Nancye Wright, Lin Yang, and Zhong 
Zhong.

— Laura Mgrdichian

Three successful crystal-builders
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Meet the NSLS Summer Students of 2005
August 31, 2005

Each summer, a number of high school and college students 
perform research projects at the NSLS. Most of the students 
work at the NSLS as part of Laboratory-sponsored research 
internship programs.  

The students work with scientists and engineers from the de-
partment in a wide range of research fields: medical sciences, 
geology and environmental sciences, chemistry, materials 
science, physics, and electrical and mechanical engineering. 
The students also attend scientific lectures, tour BNL research 
facilities, and participate in numerous social activities.

Interested students apply to 
these programs in the spring 
and the programs range from six 
to 10 weeks long. More informa-
tion and application procedures 
can be found on the BNL Sci-
ence Education website at http:
//www.bnl.gov/scied/.

Jeff Borack, now a senior at 
SUNY Binghamton, spent his 
summer trying to determine 

how to differentiate between two forms of chronic lymphocytic 
leukemia (CLL). In his project, developed by Dr. Nick Chiorazzi 
from the North Shore Long Island Jewish Hospital and NSLS 

scientist Lisa Miller, he analyzed 
B-cells (a type of white blood 
cell) using an infrared micro-
scope. This research may lead 
to the development of a new di-
agnostic tool capable of helping 
doctors and patients determine 
which treatment options are best 
for CLL.

For the past two summers, 
Michael DiBiccari, a senior at 
Hauppauge High School, has 

worked with Elaine DiMasi, studying the growth process of 
biological minerals. They examined the diffraction patterns of 
x-rays that reflected off the mineral crystals, which helped them 

understand how the crystals 
formed. This research will be 
helpful in understanding the 
process of biomineralization.

Anubhav Jain is now a senior 
at Cornell University. Both this 
summer and last, he worked 
with NSLS scientist Vivian 
Stojanoff, developing software 
to help automate the process of 
determining the molecular struc-

ture of proteins. This research 
will help structural biologists get 
three-dimensional structures of 
proteins more quickly, allowing 
scientists to develop treatments 

Jean Christian Brutus is a 
sophomore at Stony Brook Uni-
versity. This summer, he worked 
with engineer John Skaritka 
in the NSLS design room. His 
project involved designing a su-
perconducting undulator (a device used in synchrotron rings), 
manufacturing it, and finding a way to wind and cool down 
the system. This undulator will 
be used as an insertion device 
for the electron accelerator in 
NSLS-II, the planned NSLS 
successor.

Gabriel Sanchez, a senior at 
Stony Brook University, worked 
with mentor Cheo Teng, the 
NSLS systems administrator. 
His project involved systems/
network administration. The 
NSLS uses Hewlett-Packard 
UniX machines to monitor the daily operations and data collec-
tion of the particle accelerators. These machines are config-
ured on a network; Sanchez’ 
objective was to successfully 
add another machine to this 
existing network. This involved 
the setup of a Network Informa-
tion Service, the Domain Name 
System, and a Network File 
System.

Theodore Feldman, now a 
junior at Stony Brook University, 
worked with Lisa Miller studying 
compositional changes in devel-
oping mouse bone. They used 
infrared microspectroscopy to study changes in the chemical 
makeup of bone as it mineralizes by analyzing the infrared 
spectrum of bone’s organic and inorganic components. This 
work may help elucidate the role 
chemistry plays in determining 
bone strength and quality, which 
may be used to better treat and 
diagnose osteoporosis and 
similar bone diseases.

Matthew Engel worked with 
NSLS scientist Marc Allaire 
on a protein crystallography 
project. The particular protein he 
isolated and worked with is from 

Michael DiBiccari

Jeff Borack

Anubhav Jain

Jean Christian Brutus

Gabriel Sanchez

Theodore Feldman

Matthew Engel
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the capsid (protein 
coating) of a human 
virus that surrounds 
its DNA and controls 
infectivity. Solving the 
protein’s structure 
will allow researchers 
to engineer capsids 
with less ability to 
produce an immune-
system response or 
even target specific 
membrane receptors.

Ebrahim Mahajna, Mahmoud Simri, and Sami Khouri Salameh 
are seniors at Ben Gurion University in Israel. They performed 
research at the NSLS as part of a U.S. Department of Energy 
Cooperative Research Program. Simri, working with Vivian 
Stojanoff, crystallized a protein and determined its structure 
using x-ray crystallography. Salameh, with Lisa Miller, studied 
a potential therapy for skin melanoma by imaging skin cancer 
cells using infrared light. Mahajna worked with Zhong Zhong 
and Avraham Dilmanian, studying whether diffraction-enhanced 
imaging could detect early stages of Alzheimer’s disease.

— Laura Mgrdichian

Ebrahim Mahajna, Mahmoud Simri, and Sami 
Khouri Salameh

NSLS-II Gets CD-0!
September 9, 2005

The Laboratory received fantastic news in September 2005: 
The Department of Energy granted “Critical Decision Zero” 
(CD-0) status to National Synchrotron Light Source-II, the 
planned world-leading NSLS successor. This is the key 
first step in the long process to make NSLS-II a reality at 
Brookhaven.

Accompanied by Lab Direc-
tor Praveen Chaudhari 
and Steve Dierker, Associ-
ate Laboratory Director 
for Light Sources, DOE 
Brookhaven Site Office 
Manager Michael Holland 
announced the news at an 
NSLS All-Hands meeting 
on Friday, September 9.

“This is a tremendous step 
forward for science,” said 
Holland. “The effort that 
went into this by Steve 

Dierker and others on the project was tremendous. I thank 
everyone for their hard work and accomplishments.”

Holland noted that as part of the process that leads to CD-1, 
the next critical decision for the project, the physical site for 

ALD for Light Sources Steve Dierker

DOE Brookhaven Site Office Manager 
Michael Holland

Lab Director Praveen Chaudhari

the facility will be cho-
sen, determining whether 
NSLS-II will be located at 
BNL. “There will certainly 
be a strong case made for 
NSLS-II at Brookhaven. 
There is an awful lot of 
work ahead of us in the 
next eight to 12 months,” 
he said.

In his comments, Chaud-
hari congratulated the 
NSLS staff and many 
others for their efforts in 
maintaining the NSLS 
while working to make the case for NSLS-II. “You ought to take 
a moment and clap for yourself,” he said. “It’s been difficult to 
keep the NSLS running and design a new machine. You are 
going to have to continue to work very hard, but I expect that 
you can do it.”

Dierker called the announcement a “wonderful occasion.” He 
then presented an overview of the history of the NSLS-II proj-
ect, from the initial idea to the proposal to the major reviews by 
DOE, as well as the large and successful NSLS-II workshop in 
March 2004 — all the results of hard, hard work and coopera-
tion. He thanked everyone for helping to achieve this critical 
milestone and emphasized the continuing teamwork necessary 
to continue the process and 
secure the site.

“There is a strong research 
community in the Northeast 
and a tremendous density 
of academic and research 
institutions,” he said. “More-
over, U.S. synchrotrons 
are far oversubscribed. We 
need NSLS-II more than 
ever, or the science and 
benefits from that science 
will move overseas.”

— Laura Mgrdichian

Synchrotron Environmental Science III 
(SES) Meeting
September 19-21, 2005

On September 19-21, the Synchrotron Environmental Sci-
ences III (SES III) conference was held at Brookhaven National 
Laboratory (BNL). Continuing the tradition established by previ-
ous SES conferences held at Argonne National Lab, SES-III 
brought together the diverse community of scientists who apply 
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Synchrotron Environmental Science III (SES-III) Meeting attendees

synchrotron-based radiation techniques to study the biological 
and geochemical aspects of both local and global environmen-
tal issues. The conference included two days of topical ses-
sions that addressed the application of innovative synchrotron 
methods in environmental science along with applications in 
bioavailability and remediation science. The third day included 
a workshop on microbeam methods. Attendees reported on 
environmental science activities conducted at synchrotron 
facilities worldwide.

The SES meetings are an outgrowth of EnviroSync, a grass 
roots organization with almost 400 members established in 
early 1998 to represent the growing multidisciplinary communi-
ty of synchrotron radiation users who focus on molecular envi-
ronmental science problems (http://www.cems.stonybrook.edu/
envirosync/history.html). Stephen Sutton (GSECARS, Univer-
sity of Chicago) has been Chair of EnviroSync since 2002. 
An EnviroSync open meeting was also held as part of the 
SES-III conference, during which Richard Reeder (Stony Brook 
University) was elected as the new EnviroSync Chair and John 
Bargar (Stanford Synchrotron Radiation Lab) its Secretary for 
2005-2007.

BNL Director Praveen Chaudhari opened the SES-III con-
ference with very supportive comments emphasizing the 
increasingly important role environmental science research 
plays at BNL and how well suited light sources are to an-
swer the questions asked by environmental scientists. There 
were also welcoming remarks from Martin Schoonen, Stony 
Brook University’s Associate Vice President for Research, 
and Creighton Wirick, Chair of BNL’s Environmental Sciences 
Department. Steve Dierker, BNL’s Associate Lab Director for 
Light Sources, then gave an update on the National Synchro-
tron Light Source (NSLS) and in particular the progress that the 
NSLS has made in bringing additional beamlines into operation 
that support environmental science users. He emphasized that 
this is need driven by the rapidly increasing number of environ-
mental science users at the NSLS and the over-subscription of 
beamlines that cater to the community. Steve also updated the 
attendees on the status of NSLS-II, which was recently granted 
“Critical Decision Zero” (CD-0) status by the Department of 

Energy (DOE). NSLS-II is a proposed new state-of-the-art 
medium energy storage ring designed to deliver world leading 
brightness and flux with top-off operation for constant output. 
DOE program managers Nicolas Woodward (Basic Energy 
Sciences – Geosciences Research Program) and Roland 
Hirsch (Biological & Environmental Research – Environmental 
Remediation Sciences Division) also gave updates on DOE 
support for environmental research and how these programs 
have stressed availability of synchrotrons to earth and environ-
mental scientists. Todd Anderson from the Office of Biological 
& Environmental Research was also in attendance.

Gordon Brown (Stanford University) opened the scientific 
presentations of the first day with an overview of recent en-
vironmental science activities that have been made possible 
by using synchrotron-based approaches, as well as future 
possibilities. The first day’s sessions also included talks by Ken 
Kemner (Argonne National Lab), Neil Sturchio (Univ. Illinois), 
Sanjit Kumar Ghose (GSECARS, Univ. Chicago), David Shuh 
(Lawrence Berkeley Lab), and Lynda Soderholm (Argonne 
National Lab). Talks on the first day focused on the use of 
innovative synchrotron based techniques in biogeosciences 
and how studies of mineral surfaces can employ x-ray standing 
wave imaging, resonant anomalous x-ray reflectivity, and crys-
tal truncation rod scattering. There were also discussions about 
the application of soft x-ray emission spectroscopy, resonant 
inelastic x-ray scattering, and extended x-ray absorption fine 
structure investigations in the study of actinides. The first day 
concluded with a poster session.

Sessions on the second day included a number of talks on the 
application of synchrotron techniques to biological-environmen-
tal systems. Topics included metal ions in living systems, the 
structural chemistry of bacteriogenic manganese oxides, the 
reduction of U(VI) by Fe(II) at cell surfaces, and the application 
of synchrotron infrared microspectroscopy to environmental 
studies. There were also discussions of the use of multiple 
synchrotron x-ray techniques in the study of plant-metal-
soil interactions, the effect of microbial siderophores on Pb 
speciation and adsorption, and the application of synchrotron 
micro-diffraction in prediction of environmental risks associ-
ated with arsenic-bearing mine wastes. Attendees also heard 
about the benefits of combining x-ray and neutron scatter-
ing techniques for obtaining fundamental information about 
processes of importance to environmental sciences. Speak-
ers included Graham George (Univ. of Saskatchewan), John 
Bargar (Stanford Synchrotron Radiation Lab), Maxim Boyanov 
(Argonne National Lab), Stefan Vogt (Argonne National Lab), 
Lisa Miller (Brookhaven National Lab), Ryan Tapperro (Univ. 
of Delaware), Bhoopesh Mishra (Univ. of Notre Dame), John 
Parise (Stony Brook Univ.), Heather Jamieson (Queen’s Univ., 
Canada), and Matthew Ginder-Vogel (Stanford Univ.). The 
day’s sessions concluded with a classic Long Island clambake, 
where attendees gorged themselves on fresh lobsters, clams, 
and mussels well into the evening.

The meeting concluded with a workshop on the application 
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The 2005 NSLS Barbeque Wraps Up the 
Year
September 23, 2005

The unusually warm, sunny weather of September 23 did not 
hint at the cool autumn days to come, but did make for an en-
joyable 2005 NSLS Barbeque. However, it was the NSLS staff 
members in attendance, particularly the service and spotlight-
award winners, that made the event memorable.

Service Awards
Nick Gmur and Dennis Carlson 
were honored for 30 years of 
service at Brookhaven Lab, 
and 25-year awards went to 
Shu Cheung, John Klug, Gloria 
Ramirez, and Peter Zuhoski. 

In the 20-year category were 
Erik Johnson, Eileen Morello, 
Mihai (Mike) Radulescu, Lydia 
Rogers, David (Peter) Siddons, 
and Yong-Nian Tang. Mary 
Anne Corwin and Zhijian Yin 
celebrated 10 years.

Not available to receive their 
awards at the barbeque were Wayne Rasmussen, for a very 
impressive 40-year award; John Bohenek for 25 years of ser-
vice; Sorin Pop, Leonard Pharr, and Madeline Hughes for 20 
years; and Syed Khalid and Elio Vescovo for 10 years.

Spotlight Awards
The Spotlight awards are tributes to NSLS staff members who 

NSLS Chairman Steve Dierker

of microbeam methods to environmental sciences. Workshop 
speakers included Steve Sutton, Daniel Grolimund (Swiss 
Light Source), Matthew Marcus (Lawrence Berkeley Lab), 
Mary Gilles (Lawrence Berkeley Lab), and Chris Jacobsen 
(Stony Brook Univ.). The speakers described beamlines at the 
Advanced Photon Source, Advanced Light Source, National 
Synchrotron Light Source, and the Swiss Light Source and 
applications of hard x-ray microbeam fluorescence, absorption, 
diffraction, and tomography techniques and soft x-ray spectro-
microscopy techniques for characterization of environmental 
materials. 

Overall, the meeting proved to be a rousing success, and 
everyone looks forward to SES-IV in the near future. This 
workshop was co-sponsored by EnviroSync, the National Syn-
chrotron Light Source, the Center for Environmental Molecular 
Science (Stony Brook Univ.), Brookhaven National Laboratory, 
Stony Brook University, the National Science Foundation, and 
the Department of Energy.

— Antonio Lanzirotti

have shown exceptional dedication to their jobs during the 
year. This year, the winners were: John Aloi, nominated by Bob 
Casey; Angela Bowden, nominated by Laura Miller; Michael 
Caruso, nominated by Gary Nintzel; Bob Kiss, nominated by 
Gerry Van Derlaske; Patrick Moylan, nominated by Ed Haas; 
Dennis Poshka, nominated by Anthony Kuczewski; John 
Vaughn, nominated by Gloria Ramirez; and Zhijian Yin, nomi-
nated by Peter Siddons.

John Aloi: John installed and commissioned a complex re-
quest-tracking system for the User Science Division that keeps 
a more accurate record of requests. The system, a significant 
programming effort one would expect to take several months, 
took John just a month and a half. This effort involved many 
late hours, during which John experimented with and tested 
the system. Now, jobs are easier to monitor and requests are 
handled much more efficiently.

Angela Bowden: For five weeks in April and into May, Angela 
worked under the pressure of a tight deadline to bring the 
NSLS into compliance with a Department of Energy “Correc-
tive Action” item. She volunteered to learn two new computer 
programs, and then used them to create more than 3,000 
safety warning labels for hazardous equipment on the NSLS 
experimental floor. All the labels were accurate and completed 
before the deadline.

Michael Caruso: Caruso is recognized for providing invaluable 
assistance to the NSLS Vacuum Group over the past several 
years. Notably, he helped develop a coating process that 
greatly reduces the time necessary to coat a ceramic cham-
ber, and then used the method to titanium-coat three ceramic 
chambers. He demonstrated excellent knowledge and skills in 
vacuum processes, and all three chamber coatings proved to 
have excellent mechanical and electrical properties.

Bob Kiss: In response to a Brookhaven Lab directive, Bob 
crafted and implemented new and improved procedures for the 
NSLS Hoisting and Lifting program. He created new check-out 
sheets tailored for equipment at each beamline, came up with 
an NSLS-specific rigging-training program, took control of 49 
NSLS overhead cranes by preventing unauthorized people 

Steve Dierker presents a 30-year service award to Nick Gmur
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A group of NSLS staff members watch the awards ceremony

SBU Student Wins First Dr. Mow Shiah Lin 
Scholarship
September 27, 2005

Yuanzhi Tang, a graduate student in the Department of Geosci-
ences at Stony Brook University (SBU), won the first annual 
Dr. Mow Shiah Lin Scholarship. The Asian Pacific American 
Association (APAA) at the Lab initiated the scholarship, which 
consists of $1,000 and a plaque, to honor the late distinguished 
Brookhaven Lab scientist for which it is named.

Mow Shiah Lin began his career at BNL in 1975 as a postdoc-
toral fellow and advanced to co-lead a research team working 
with an environmental remediation company to use selected 
bacteria to convert toxic oil wastes, such as used motor oils, 
into useful products. In 2001, Lin shared the R&D 100 Award, 
given by R&D Magazine to the top 100 technological achieve-
ments of the year, for a technology to recover silica from geo-
thermal brine. Lin died suddenly due to a brain aneurysm at the 
height of his career in 2003, and his fellow employees, friends, 
and family contributed funds to establish the scholarship.

In honor of Lin’s research, achievements, and inventions, the 
scholarship will be granted annually to an Asian immigrant with 
a student visa who is matriculating toward a graduate degree 
at an accredited institution of higher education in environmental 
science, biology, or chemistry, in remembrance of the manner 
in which Lin began his career.

Tang’s research at SBU involves the use of various analytic 
techniques — including x-ray imaging at the NSLS — to study 
the mechanisms of the reaction of contaminants in natural 
environments, especially reactions at the interfaces of minerals 
and water.

— Diane Greenberg

With Mow Lin Scholarship winner Yuznhi Tang (fifth from left) in the photo are: 
(from left) Susan Eng Wong, co-coordinator, APAA; Thomas Butcher, BNL 
scientist and head of the scholarship selection committee; Satoshi Ozaki, BNL 
scientist/administrator and APAA advisor; Beth Y. Lin, APAA co-coordinator and 
widow of Mow Shiah Lin; Lucinda Lin, daughter of Beth and Mow Shiah Lin; 
Richard J. Reeder, Director, SBU Center for Environmental Molecular Sciences 
and thesis advisor for Tang; Samantha Lin Alvarado, daughter of Beth and Mow 
Shiah Lin; Marie Van Buren, member of the APAA scholarship committee, and 
(front, center) Josephine Alvarado, granddaughter of Beth and Mow Shiah Lin.

from operating them, and assigned to each beamline a person 
responsible for hoisting and lifting activities at that beamline. 
These actions helped make the NSLS experimental floor a 
safer place.

Patrick Moylan: Pat demonstrated exceptional initiative and 
written skills by putting together Worker Qualification and Train-
ing forms for the Mechanical Tech Group, which falls outside of 
his own training and work area. On top of that, he put together 
a training program designed to enhance on-the-job safety in 
the x-ray ring tunnel for workers who need unescorted access 
to the tunnel. He then presented that training to all NSLS staff, 
to inform them of potential hazards in the tunnel.

Dennis Poshka: By starting up a verification and mainte-
nance routine for the facility beamline user interlock systems, 
a project he undertook on his own accord, Dennis uncovered 
many beamlines in which legacy interlocks were disconnected 
or inadequately instrumented. Identifying these interlocks pre-
vented a potentially huge loss of equipment and greatly added 
to the measure of safety at the NSLS.

John Vaughn: After a period of repeated beam dumps on the 
x-ray ring in 2004, caused by random trips of a faulty power 
supply, John assisted in several studies to trace the origin of 
the trips in the power supply. When nothing surfaced, he set up 
diagnostics, and logged and charted events to establish a cor-
relation between the trip frequency and the x-ray ring mainte-
nance periods. These efforts led him to a solution after months 
of efforts by other staff members did not.

Zhijian Yin: Zhijian installed and commissioned a complex 
request-tracking system for the User Science Division over a 
very short time period. He discovered an open-source soft-
ware package that fit the needs of the division and success-
fully incorporated it into the existing email, web, and database 
servers. This complex task involved many extended hours of 
experimenting and testing to make sure the software worked 
properly. Since then, more than 100 requests have been 
tracked without problems and the system has proved to be 
easy to use and efficient.

— Laura Mgrdichian
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New Grant for Catalysis Research at the 
NSLS
September 28, 2005

A group of scientists was awarded a $900,000 grant by the 
Department of Energy to create dedicated facilities for catalysis 
research at NSLS beamlines X18B and X19A. The two facili-
ties will be operated by the Synchrotron Catalysis Consortium, 
charged with improving and expanding catalysis research by 
taking advantage of the unique investigation tools available at 
the NSLS.

Catalysis is a major area of research in the United States 
because it is very important to U.S. industry, particularly 
the chemical and petroleum industries. It is estimated to be 
involved in 90% of all chemical processes and the creation 
of 60% of the chemical products available on the market. In 
addition, catalysis is becoming more important to several other 
fields, including environmental protection, pharmaceuticals and 
bioengineering, and the development of fuel cells.

The consortium’s main investigation tool will be x-ray absorp-
tion fine-structure (XAFS) spectroscopy, which measures how 
a material absorbs x-rays to learn about its molecular structure 
and electronic behavior.

“XAFS is well suited to studying catalysis, and can often yield 
more in-depth information on a material’s structural, electronic, 
and catalytic properties than more widely used techniques,” 
said Anatoly Frenkel of Yeshiva University, one of the consor-
tium’s principal investigators. “We hope to help make more 
scientists aware of the advantages of using synchrotron radia-
tion in general, and XAFS in particular, and provide support for 

scientists who wish to start catalysis experiments at the NSLS.”

The two other principal investigators are Jingguang Chen 
of the University of Delaware and Radoslav Adzic of 
Brookhaven’s Chemistry Department. Chen said, “Synchrotron 
techniques are currently underutilized or unexplored by the 
catalysis community due to various perceived and real barri-
ers. The primary purpose of the consortium is to promote the 
utilization of synchrotron techniques to perform cutting-edge 
catalytic research under in-situ conditions.”

Said Adzic, “This consortium is expected to have a particularly 
strong impact on the research and development of fuel cell 
electrocatalysts. Capabilities for in situ characterization of elec-
trocatalysts in fuel cell environment under various conditions 
will be provided by adequate cell designs.”

The consortium’s co-principal investigators are Chi-Chang Kao 
and Steve Hulbert (NSLS), Jan Hrbek, Jose Rodriguez and 
Jonathan Hanson (BNL-Chemistry), David Mullins and Steve 
Overbury (Oak Ridge National Laboratory), and Simon Bare 
(UOP, LLC).

The grant will fund new hardware additions and changes at 
X18B and X19A, allowing scientists to study chemical trans-
formations in catalytic materials over a wide range of energies 
in real time and at realistic operation conditions. Examples of 
new devices that will benefit the catalysis-research community 
are state-of-the-art reactor cells, gas-handling equipment, and 
detectors. The upgrades will also include the latest advances 
in beamline instrumentation. All these changes will provide new 
experimental opportunities for scientists interested in catalysis.

In addition, the grant includes funds to hire a beamline staff to 
run the new facility and provide support for visiting research 
groups. The budget also includes funds for travel, which will 
help new user scientists start synchrotron research programs 
as well as attend catalysis workshops and training courses.

Most components at X18B and X19A will be in place by April 
2006. Catalysis users are now being contacted with invitations 
to start their research program at the NSLS, and the first users 
will start experiments in February 2006. The grant covers a 
time span of three years.

— Laura Mgrdichian

Some of the key members of the Synchrotron Catalysis Consortium. In the front 
row, from left, are principal investigators Jingguang Chen and Anatoly Frenkel. In 
the back, from left, is NSLS scientist Syed Khalid, who runs beamline X18B, and 
co-principal investigators Radoslav Adzic, Steve Hulbert, and Jonathan Hanson.

EXAFS Course: Theory, Experiment, and 
Advanced Applications
September 28-30, 2005

X-ray absorption fine structure (XAFS) data collection and 
analysis courses have been held at the NSLS annually since 
2001. While previous courses were aimed at beginners and 
thus broad in scope, this three-day (September 28-30) course 
was devoted to one technique: extended XAFS (EXAFS). 
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Partcipants in the EXAFS course

Brookhaven Lab Breaks Ground for New 
Nanocenter
October 3, 2005

The U.S. Department of Energy’s (DOE) Brookhaven National 
Laboratory held a groundbreaking ceremony on October 3 for 
the Center for Functional Nanomaterials (CFN). The CFN will 
provide researchers with advanced probes and the ability to 
use new fabrication techniques to study materials at nanoscale 
dimensions — typically, billionths of a meter, or 1,000 times 
smaller than a human hair. These materials have different 
chemical and physical properties than bulk materials and could 
form the basis of new technologies.

The CFN — one of five Nanoscale Science Research Centers 
to be built at DOE national laboratories — was designed by 
HDR Architecture, Inc., of Alexandria, Virginia, and is being 
constructed by E. W. Howell Co., Inc., of Woodbury, New York. 
The 94,500-square-foot state-of-the-art laboratory/office facility 
is expected to attract an estimated 300 researchers from the 
Northeast annually. 

Brookhaven employees and distinguished guests, includ-
ing local Congressman Tim Bishop and Dr. Patricia Dehmer, 
Associate Director for the U.S. Department of Energy’s Office 
of Basic Energy Sciences, attended the ceremony against a 
backdrop of heavy equipment at the CFN location in the center 
of Brookhaven’s 5,300-acre site. 

“The Center for Functional Nanomaterials will be at the fore-
front of research that is expected to lead to new technologies, 
such as faster computers, new communications devices, im-
proved solar energy and new energy alternatives,” Congress-
man Bishop said. “Long Island is fortunate to have this center 
here. Everyone reaps benefits when the best minds and the 
best technology merge to explore the frontiers of science.” 

DOE’s Office of Basic Energy Sciences is funding the $81-

(L to R) Laboratory Director Praveen Chaudhari, DOE Brookhaven Site Office 
Manager Michael Holland, Battelle Memorial Institute Senior Vice President and 
Chief Operating Officer Donald McConnell, Associate Director for the DOE Office 
of Basic Energy Sciences Patricia Dehmer, Congressman Timothy Bishop, CFN 
Director Robert Hwang, and Associate Lab Director for Basic Energy Sciences 
Doon Gibbs.

Participants in this course (32 scientists from U.S. and Canada, 
representing universities, national laboratories, and industrial 
companies) had prior familiarity with the basics of the tech-
nique and were interested in learning how to correctly design, 
perform, and analyze EXAFS experiments in application to 
their research. The course was self-contained, starting with the 
fundamentals and proceeding to the more advanced topics, 
including recent theoretical developments, data analysis tech-
niques, and specific applications of EXAFS. 

The course consisted of three lecture sessions in the mornings, 
two hands-on experimental sessions in the afternoons, and 
one data analysis session during the last day of the course. 
The organizers identified four areas of interest: nanocatalysis, 
environmental/bio/geo chemistry, disordered alloys/thin films, 
and transition metal oxides, and designed several research ex-
periments in each of these areas. Experiments were conducted 
at eight beamlines. 

Lectures were taught by invited speakers: Edward Stern and 
Josh Kas (University of Washington), Grant Bunker (Illinois 
Institute of Technology), Anatoly Frenkel (Yeshiva University), 
Trevor Tyson (New Jersey Institute of Technology), Joseph 
Woicik (National Institute of Standards and Technology), Doug-
las Hunter (Savannah River National Laboratory), Scott Calvin 
(Sarah Lawrence College), and Douglas Pease (University 
of Connecticut). Among the highlights of the course were two 
talks, “History of EXAFS” and the “Pitfalls of the Experiment 
and Data Analysis,” which was taught by Edward Stern, one of 
the founders of the technique.

Beamline instructors were F. Alamgir (City University of 
New York), T. Tyson, A. Frenkel, J. Woicik, A. Ignatov (Case 
Western Reserve University), K. Pandya (Brookhaven Na-
tional Laboratory), P. Northrup (Brookhaven National Labora-
tory), W. Caliebe (Brookhaven National Laboratory), S. Khalid 
(Brookhaven National Laboratory). Data analysis session were 
led by S. Calvin, A. Frenkel, F. Alamgir, T. Tyson, J. Woicik, S. 
Khalid and P. Northrup. 

The course administrator was Corinne Messana (BNL). The 
course was possible due to generous sponsorship by the 
National Synchrotron Light Source, Yeshiva University, and the 
DOE Synchrotron Catalysis Consortium.

— Anatoly Frenkel
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NSLS Users Recognized
October 21, 2005

Each year, a number of NSLS users win prestigious awards in 
their field of scientific research. The following represent a col-
lection of some of the awards from 2005.

Russell Hemley and David Mao Win the Balzan Prize

This year, the International Balzan 
Foundation Prize for Mineral Phys-
ics was awarded to Russell Hemley 
and Ho-Kwang (David) Mao, both 
scientists with the Geophysical 
Laboratory at the Carnegie Institute 
of Washington.

Hemley and Mao received the 
award “for the impressive impact of 
their joint work leading to funda-
mental breakthroughs, theoretical 
and experimental, in the field of 
minerals submitted to extreme 

physical conditions.” Much of their work — particularly their 
early, pioneering studies — has been, and is currently, per-
formed at the NSLS.

They began working at the NSLS in 1986, using beamline 

Russell Hemley

David Mao

million CFN project. The contemporary building, which has a 
metal and glass exterior, will cost $38 million to build, while 
specialized equipment, such as electron microscopy facilities 
and lithography-based fabrication facilities, and engineering 
and project management will account for the balance of the 
budget. The facility, which will occupy nine square acres and 
will accommodate 150 people, will be considered “green,” or 
energy efficient and environmentally friendly, based on the 
U.S. Green Building Council’s rating system. Construction is 
expected to be completed by March 2007, and experiments are 
due to begin shortly after that date. 

The overarching research goal of the CFN is to help solve 
energy problems in the U.S. by exploring materials that use 
energy more efficiently and by researching practical alterna-
tives to fossil fuels, such as hydrogen-based energy sources 
and improved, economical solar energy systems. 

Under the energy banner, CFN studies will focus on three key 
areas: nanocatalysis, the acceleration of chemical reactions 
using nanostructures; biological and soft nanomaterials, such 
as polymers and liquid crystals, in which specialized design is 
expected to lead to new functions; and electronic nanomateri-
als that exhibit unprecedented control of electrons, which are 
expected to lead to new communication and energy-control 
devices. 

— Diane Greenberg

X13A (later renamed X7A) to 
perform x-ray diffraction studies of 
materials subjected to extremely 
high pressures. Later, they helped 
build X17C — the world’s first 
dedicated high-pressure beamline 
— and also conducted high-pres-
sure infrared spectroscopy studies 
at U4IR, U2B, and U2A (the world’s 
only dedicated beamline for that 
type of research).

“They have operated as a highly 
effective team,” remarked the award committee, “characterized 
by twenty years of research contributions at the highest level. 
They have developed techniques which allow them to study 
the behavior of a wide range of minerals, such as hydrogen, 
the most abundant ‘mineral’ in the universe. Their results have 
deep implications for our understanding of nature.”

The prize will be given out on November 11 in Berne, Swit-
zerland at the Swiss Federal Parliament Buildings. Each prize 
consists of one million Swiss francs (about $773,000), half of 
which must be used to fund research projects by students and 
young scientists at the winners’ home institution.

Philip Coppens Receives the 
Ewald Prize

Longtime NSLS user scientist Philip 
Coppens, a Distinguished Professor 
and Henry M. Woodburn Chair of 
Chemistry at the State University of 
New York at Buffalo, was awarded 
the prestigious Ewald Prize by the 
International Union of Crystallogra-
phy (IUCr).

The prize honors Coppens’ contribu-
tions to developing the fields of elec-
tron density determination and the crystallography of molecular 
excited states. He was also recognized for his commitment to 
the education of future crystallographers through many courses 
and workshops.

A significant part of the work for which he received the award 
is the result of studies at former NSLS beamline X3, which was 
operated by a collaboration of several SUNY campuses and for 
which Coppens was principal investigator for many years.

At X3, Coppens developed many of the methods he now uses 
in his research. Early on, he and his group performed several 
studies to determine the charge densities in various materials 
using x-ray diffraction. These experiments provided valu-
able insight into the properties of crystalline materials and the 
nature of chemical bonds within molecules and interactions 
between molecules. In later research, the group performed 
their first time-resolved studies at X3, using x-rays to determine 
the nature of molecular excited states that exist for very short 

Philip Coppens
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Barbara Illman Noel Clark

Highlights from the COMPRES Sponsored 
Workshop on Synchrotron Infrared Spec-
troscopy for High Pressure Geoscience and 
Planetary Science
November 3-5, 2005

In recent years, infrared (IR) microscopy and spectroscopy 
have greatly benefited from new synchrotron techniques. New 
infrared synchrotron radiation sources provide a tremendous 
improvement in flux on a sample, with well-collimated beams 
from far- to near-IR that give high spatial resolution with 
unmatched signal-to-noise. This has opened up new scientific 
directions in a range of fields, including physics, biology, chem-
istry, materials science, high-technology, and forensics. One of 
the most exciting areas, however, is high-pressure geoscience 
and planetary science. High-pressure synchrotron IR spectro-
microscopy is an ideal coupling of the diamond anvil cell device 
and synchrotron IR radiation. In addition, the technique serves 
as a useful, if not unique, tool to study minerals quenched from 
high pressures and temperatures, and natural samples (includ-
ing natural high-pressure assemblages) at ambient conditions.

Sponsored by COMPRES (the Consortium for Materials Prop-
erties Research in Earth Sciences) and the NSLS, the work-

periods but are highly reactive. The first results of this research 
were published in 2002.

Coppens formally received the Prize during the IUCr’s Flor-
ence Congress Opening Ceremony on August 23. The Prize, 
presented just once every three years at the triennial Inter-
national Congresses of Crystallography, consists of a medal, 
certificate, and $30,000.

2005 Chief’s Honor Award for Distinguished Science Goes 
to Barbara Illman

Research plant pathologist and 
NSLS user Barbara L. Illman, 
who is Director of the Institute for 
Microbial and Biochemical Tech-
nology at the Forest Products Lab 
in Madison, Wisconsin, received 
the USDA Forest Service’s 2005 
Chief’s Honor Award for Distin-
guished Science for her studies in 
four major areas of research.

The award recognizes Illman for 
her efforts in “applying solid-state 

physics techniques to forestry problems, invasive species 
mitigation research, bioremediation research, and contributions 
to long-term ecological research programs.”

At the NSLS, Illman developed techniques for using x-rays to 
study wood decay, recycling of wood biomass material, and 
bioremediation of toxic chemicals in the environment. This 
work led to discoveries about the biochemical mechanisms of 
brown-rot fungi, the most destructive wood-decay organisms. 
Nearly 10 percent of the 300 million tons of trees harvested an-
nually in the United States are used to replace wood products 
damaged by the decay fungi. The discoveries could lead to 
improved methods for protecting wood from fungi. 

Illman’s many other achievements include measures to control 
the spread of highly destructive non-native insects, especially 
in shipping materials. Roughly half of all international trade 
goods move in wood crates or on wood pallets or spools, or 
involve other wood material, creating a major pathway for the 
spread of invasive insects.

The award was presented to Illman in a Washington, D.C. cer-
emony by Dale Bosworth, chief of the Forest Service.

Noel Clark: Co-Winner of the APS Oliver E. Buckley Prize

The 2006 American Physical Society Oliver E. Buckley Prize, 
recognizing “outstanding theoretical or experimental contri-
butions to condensed matter physics,” was awarded to Noel 
Clark, physicist at the University of Colorado and a user at 
beamline X10. He shares the prize with Robert Meyer of 
Brandeis University.

The two scientists received the award “for groundbreaking 
experimental and theoretical contributions to the fundamental 
science and applications of liquid crystals, particularly their fer-

roelectric and chiral properties.”

Clark and Meyer have made very significant contributions to 
developing the concepts that underlie the fields of liquid-crystal 
science and technology. Beyond that, they have designed nov-
el, highly creative experiments that verify these concepts. Their 
efforts also extend to studies of other complex fluid systems, 
such as liquid-crystal polymers, colloids, and protein solutions.

Individually, Clark has performed a great deal of significant 
research. One example is his groundbreaking studies of fer-
roelectric liquid-crystal display cells 
that made it possible for display-
cell manufacturers to use them in 
commercial devices. And recently, 
using freeze-fracture electron 
microscopy and x-ray diffraction, 
he studied the liquid crystal phases 
exhibited by banana-shaped 
molecules and determined their 
complex structure, which had per-
plexed the liquid-crystal research 
community.

The Buckley prize was formally 
awarded to Clark and Meyer on March 16 during the March 
2006 APS meeting in Baltimore, Maryland. It consists of 
$10,000 and a certificate.

— Laura Mgrdichian
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Synchrotron Infrared Spectroscopy for High Pressure Geoscience and Planetary 
Science workshop participants

shop on Synchrotron Infrared Spectroscopy for High Pressure 
Geoscience and Planetary Science was held at the NSLS in 
November. The conveners were Zhenxian Liu and Russell J. 
Hemley (Geophysical Laboratory, Carnegie Institution of Wash-
ington). Thanks to the members of the COMPRES Executive 
Committee and the NSLS staff for suggesting, promoting, and 
supporting this IR workshop. It was a great success in terms 
of the excellence of the lectures, its broad attendance that in-
cluded many new potential users and student participation, its 
extensive program, and plenty of hands-on experience for new 
users. More than 50 attendees took part (this was the maxi-
mum allowed by the budget and the size of the lecture room). 

The workshop consisted of five sessions designed to ac-
commodate the broad spectrum of attendees, ranging from 
experts to new users. The Friday morning session was directed 
toward attendees who were new to the modern IR spectros-
copy techniques used in this field, but, for experienced users, 
it was also a very useful review of the fundamentals and new 
developments. Q. Williams (University of California at Santa 
Cruz) gave a thorough overview on IR spectroscopy (and FT 
techniques in general) and its applications in the Earth sci-
ences. G. Rossman (California Institute of Technology) gave a 
talk on hydrous components in nominally anhydrous minerals, 
which was crucially important for users who are interested in 
the calibration of the water content in minerals. A. Hofmeister 
(Washington University in St. Louis) discussed the high-pres-
sure far-IR spectroscopy of mantle candidate minerals that are 
worth pursuing with the synchrotron technique. Finally, J. Tse 
(University of Saskatchewan, Canada) described theoretical 
methods for vibrational spectroscopy and many other applica-
tions. 

The Friday afternoon session was started by L. Carr (NSLS). 
He gave a very comprehensive talk on Fourier transform 
spectroscopy techniques using the synchrotron infrared source 
as well as an overview of the IR programs at the NSLS. There 
were seven additional speakers (A. Goncharov, V. Struzhkin, 
and S. Jacobsen, Geophysical Laboratory; D. Klug, Canadian 
Research Council; H. Scott, Indiana University at South Bend; 
G. Lager, University of Louisville; and Y. Lee, Brookhaven 
National Laboratory) who discussed different topics related to 
the work they have done at NSLS beamline U2A. These talks 

not only addressed a broad range of problems in the Earth and 
planetary sciences but also reflected new techniques devel-
oped at U2A in past years. 

The third session, held Saturday morning, focused on imag-
ing techniques combined with synchrotron sources. L. Miller 
(NSLS) gave an extensive overview of chemical imaging at 
high spatial resolution using a synchrotron infrared microscope. 
Other speakers (L. Wang, Stony Brook University; L. Dobrzhi-
netskaya, University of California at Riverside; M. Koch-Müller, 
GeoForschungsZentrum Potsdam, Germany; and S. Clark, 
Advanced Light Source) gave talks featuring the applications 
of imaging techniques as well as high-pressure IR studies at 
other synchrotron sources. The facility tour and hands-on ses-
sion on Saturday afternoon attracted more than 30 people. At 
the IR beamline, new users received detailed information on 
the beamline facility and its capabilities, as well as first-hand 
experience on how to perform high-pressure IR experiments 
from beginning to end.

The last session, for student/post-doc experiments at U2A, 
started right after the workshop. Two students and one post-
doc submitted their research proposals and one day of beam-
time was allocated per proposal. This new session offered not 
only a great opportunity to learn how to use the synchrotron 
IR facility but also a chance to collect valuable data for their 
research projects. The experiments went very well and the IR 
data they obtained were very interesting and publishable in 
scientific journals.

— Zhenxian Liu

The NSLS Remembers Bill Oosterhuis
November 16, 2005

Bill Oosterhuis, Team Leader for Condensed Matter Physics 
and Materials Chemistry in the U.S. Department of Energy’s 
Office of Basic Energy Sciences, passed away on November 
16.

Bill was a true friend of synchrotron radiation science. While at 
DOE, a position he had held since 1991, he made significant 
contributions to the field, spearheading several major changes 
to the Condensed Matter Physics 
and Materials Chemistry team. 
These include the creation of the 
X-ray and Neutron Scattering pro-
gram, the Theoretical and Compu-
tational Materials Physics program, 
and the Experimental Program to 
Stimulate Competitive Research.

Before joining the DOE, Ooster-
huis he worked for 17 years at 
the National Science Foundation, 
where he was a section head for its Bill Oosterhuis
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BNL Establishes NSLS-II Project In Light 
Sources Directorate
December 9, 2005

In the fall of 2005, Laboratory 
Director Praveen Chaudhari 
named Steve Dierker, Associ-
ate Laboratory Director (ALD) 
for Light Sources, as Project 
Director of the newly estab-
lished National Synchrotron 
Light Source II (NSLS-II) Proj-
ect. The move was triggered 
by the Lab’s recent success 
in getting DOE approval for 
“Critical Decision Zero” (CD-0, 
Approval of Mission Need) for 
NSLS-II, the planned world-
leading successor to BNL’s 
NSLS. NSLS-II will meet 

critical scientific challenges of the future, provide state-of-the-
art technology for research — complementing BNL’s Center for 
Functional Nanomaterials — and play a pivotal role in fostering 
economic growth in the northeastern United States.

CD-0 is the first of five Critical Decisions that the project will 
need to achieve in order to progress through the successively 
more detailed stages of conceptual design, preliminary design, 
and final design, followed by construction, and then operations. 
While the site for NSLS-II is not formally selected until the next 
Critical Decision (CD-1, Approved Alternative Selection and 
Cost Range), BNL believes that there are strong reasons for 
citing NSLS-II at BNL.

“At Brookhaven, we have long experience and deep technical 
knowledge in the synchrotron light source field, along with an 

excellent infrastructure, demonstrated support from potential 
facility users of national and international standing, and an ex-
traordinarily skilled and experienced workforce,” states Dierker. 
“For these and other reasons, we believe NSLS-II should be 
located here at BNL.”

NSLS-II will be a major project, with an estimated cost of 
$800M, and will employ up to 200 people during the peak of 
construction. The NSLS-II Project organization is being created 
in the Light Sources Directorate to put in place the manage-
ment systems and infrastructure required to execute this com-
plex undertaking. Building upon the groundwork laid by NSLS 
staff, the first task of the new organization will be to develop 
the documents required for CD-1, including a Conceptual De-
sign Report and more refined cost and schedule estimates.

As NSLS-II Project Director, Dierker will retain his position as 
ALD for Light Sources and step down as Chair of the NSLS 
Department. Chi-Chang Kao, the current NSLS Department 
Deputy Chair, was named Interim NSLS Chair and assumed 
his new responsibilities in mid-January, 2006.

The NSLS-II Project Office is housed in Building 817. The 
organization plan is well under way, and includes an Adminis-
tration & Finance Office, headed by an Associate Director for 
Administration & Finance; and three technical Divisions — Ac-
celerator Systems, Experimental Facilities, and Conventional 
Facilities — each headed by a Division Director. Several advi-
sory committees are being formed to provide broad perspective 
and expert advice, including an NSLS-II Advisory Board and 
advisory committees for each of the three Divisions.

Each Division will be responsible for design and construction 
activities within its specialty area, and will be staffed with a 
range of specialty groups. Many of these positions are expect-
ed to be filled by existing Lab personnel. With an estimated 
annual operating cost of $90M, the staff required to operate 
NSLS-II will be about twice as large as that required to oper-
ate the present NSLS, adding about 200 new positions to the 
Laboratory.

— Liz Seubert
Steve Dierker

Division of Materials Research. During this time, he became a 
driving force for progress during the U.S. transition from first-
generation to second-generation synchrotrons.

Similarly, while at DOE, he provided support and guidance 
as third-generation synchrotrons were developed. As a result 
of his presence during these years, he is widely credited for 
playing a major role in the growth of synchrotron radiation 
research. Upon his death, he leaves behind this important 
legacy.

Bill is remembered for his overall passion for science, and ma-
terials research in particular, his finely honed sense of progress 
and forward-thinking, and, more personally, his pervasive op-
timism and ability to earn the trust of others. He will be missed 
by many.

— Laura Mgrdichian
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 2005 NSLS Tours

 1/11/2005 Infotonics Technology Center and Javelin Assoc., Rochester Federal Subcontracting Initiative

 1/24/2005 City College of New York

 1/28/2005 Islip School District Science Faculty

 2/17/2005 Rochester Institute of Technology

 2/24/2005 United States Department of the Navy

 2/25/2005 Hofstra University, Society of Physics Students

 3/18/2005 BNL Employee Tour

 3/28/2005 City College of New York

 4/4/2005 Stony Brook University Undergraduates

 4/6/2005 League of Women Voters - Suffolk County Brookhaven Chapter

 4/7/2005 University of Connecticut

 4/14/2005 Charterhouse School

 4/15/2005 Congressman David Hobson

 4/21/2005 Queens College

 4/28/2005 DOE Facility Managers Conference 

 4/29/2005 Suffolk Community College

 4/29/2005 Nassau Community College - Physics & Engineering

 5/5/2005 The Roundtable at Stony Brook University 

 5/6/2005 City College of New York - IEEE Chapter

 5/10/2005 Suffolk Community College

 5/10/2005 Suffolk County Commissioner of Public Health Services

 5/12/2005 Senator Schumer's Staff

 5/12/2005 Invision 

 5/13/2005 Literacy Volunteers of America

 5/17/2005 NASA Users' Workshop

 5/26/2005 SUNY at Farmingdale - Institute of Retirement and Learning

 6/6/2005 Stony Brook University Research Experience for Undergraduate (REU) Students 

 6/7/2005 OEP Summer Program Students

 6/20/2005 DOE - Materials Science Review for BES

 6/20/2005 Nuclear Chemistry Summer Students

 6/24/2005 DOE Contractor Attorneys Conference

 6/28/2005 Stony Brook University - BioPrep Program

 7/6/2005 Columbia University REU Students 

 7/11/2005 Stony Brook University - Garcia Center for Material Science

 7/12/2005 SUNY - REU Physics & Chemistry Program
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7/13/2005 Korean Ministry of Government Legislation (MOLEG)

7/14/2005 Stony Brook University - Masters in Business Administration

7/21/2005 New York State Community College Summer Program

7/21/2005 Columbia University (Summer Chemistry Program)

7/27/2005 BNL QUARK.NET Summer Program

8/8/2005 Mt. Sinai Rotary Club

8/9/2005 Dr. Rohatgi - DOE Review

8/9/2005 Senior Advisor for Science and Engineering Workforce, NSF

8/12/2005 U.S. Army Recruits

8/15/2005 Senator Clinton's Washington Staffers

8/16/2005 Industrial Center Workshop

8/23/2005 Richard Gelfond

8/25/2005 IBM Group

9/14/2005 New York State Assemblyman Philip Ramos

9/16/2005 DOE - Materials Science Review for BES

9/28/2005 Merchant Marine Academy - Nuclear Engineering and Physics

9/28/2005 SUNY at Stony Brook - Biomedical Engineering Program

9/30/2005 Atomic Energy Regulatory Board 

10/7/2005 Small Business Administration

10/19/2005 Green Mens Club

10/25/2005 SUNY at Stony Brook - Cytotechnology Group

11/4/2005 Suffolk Community College

11/7/2005 Green Mens Club 

11/9/2005 United Federation of Teachers (retired)

11/10/2005 U.S. States Department Tour - Kazakhstan Visitors

11/14/2005 Chinese Academy of Sciences, Shanghai Institute of Applied Physics

11/15/2005 Dr. Alan Friedman, Director & CEO, New York Hall of Science 

11/16/2005 Quark.Net Physics Teachers

11/22/2005 SUNY at Stony Brook - Physics Department

12/2/2005 Green Mens Club

12/6/2005 Columbia University

12/12/2005 Southern Methodist University

12/12/2005 Office of Science and Technology Policy (OSTP) 

12/15/2005 Rensselaer Polytechnic Institute

2005 NSLS Tours
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 2005 NSLS Workshops

 1/25/2005 Synchrotron Light for Powder Diffraction

 3/1/2005 X6A Workbench: Hands-On Training in Synchrotron Crystallography

 4/5/2005 RapiData 2005

 4/18/2005 Strain-Mapping Workshop

 4/26/2005 X6A Workbench: Hands-On Training in Synchrotron Crystallography

 5/10/2005 Workshop on Intense Coherent THz Pulses

 5/23/2005 Nanomagnetism: Materials and Probes

 5/23/2005 Synchrotron Imaging of Biominerals

 5/23/2005 The Impact of Cryogenic Specimen Automounters on the Future of Macromolecular 
   Crystallography

 5/25/2005 Spectroscopic Studies of Nanoscaled Systems

 5/25/2005 Application of SAXS to Biological Structures

 5/25/2005 In-Situ Kinetic Analyses in Environmental and Chemical Systems

 6/6/2005 Crystallization Workshop

 6/20/2005 BioCD-2005

 7/12/2005 X6A Workbench: Hands-On Training in Synchrotron Crystallography

 9/19/2005 Synchrotron Environmental Science III (SES) Meeting 

 9/28/2005 EXAFS Course: Theory, Experiment, and Advanced Applications

 10/25/2005 X6A Workbench: Hands-On Training in Synchrotron Crystallography

 11/3/2005 COMPRES Sponsored Workshop on Synchrotron Infrared Spectroscopy for High
   Pressure Geoscience and Planetary Science
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National Synchrotron Light Source Organization

   
   Steve Dierker 
   July 21, 2005 
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NSLS Advisory Committees

SCIENCE ADVISORY 
COMMITTEE
The Science Advisory committee (SAC) 
evaluates science programs at the 
NSLS and makes recommendations to 
the Chairman.

Mario Amzel, Johns Hopkins School 
Joel Brock, Cornell Univ.
Thomas Ellenberger, Harvard School 
Eric D. Isaacs, ANL
Edward Kramer, Univ. of California 
Simon Mochrie, Yale Univ.
James Penner-Hahn, Univ. of Michigan
Peter Stephens, Stony Brook Univ.,
Ex-Officio, UEC Chair
William Thomlinson, CLS

USERS’ EXECUTIVE COMMITTEE
The Users Executive Committee (UEC) 
provides for organized discussions 
among the user community, NSLS ad-
ministration, and laboratory directorate. 
It aims to communicate current and fu-
ture needs, concerns, and trends within 
the user community to NSLS staff and 
management, and to disseminate to the 
users information about the NSLS and 
BNL plans.

CHAIR

Peter Stephens, Stony Brook Univ.

VICE CHAIR

Chris Jacobsen, Stony Brook Univ.

PAST CHAIR

Larry Shapiro, Columbia Univ.

SECRETARY/SPIG REP
Jeff Keister, SFA, Inc.

MEMBER

Steve Almo, AECOM

MEMBER
Chris Cahill, George Washington Univ.

MEMBER

Trevor Tyson, NJIT

MEMBER
Hao Wu, Cornell Univ.

SPECIAL INTEREST GROUP 
REPRESENTATIVES
Special Interest Groups in areas of 
common concern communicate with 
NSLS management through the UEC.

BIO. SCATTERING AND DIFFRACTION 
Ann Stock, Univ. of Medicine and 
Dentistry of NJ

INDUSTRIAL USERS 
Paul Stevens, Exxon Mobil Research & 
Engineering Company

IMAGING 
Sue Wirick, Stony Brook Univ. 

INFRARED USERS 
Randy Smith, BNL-NSLS

UEC and SpIG Members (standing, from left): Chi-Chang Kao, Gretchen Cisco, Larry 
Shapiro, Steve Almo, Trevor Tyson, Sue Wirick, Paul Stevens, Hao Wu, Jeff Keister, 
Meghan Ruppel, John Sutherland, Mary Anne Corwin, Chris Cahill, Paul Northrup, and 
Ben Ocko. (Sitting, from left) Peter Stephens and Chris Jacobsen.

EX-OFFICIO

Chi-Chang Kao, NSLS User Science 
Division

EX-OFFICIO
Mary Anne Corwin, User 
Administration Office

EX-OFFICIO
Lisa Miller, NSLS Information and 
Outreach Office

NUCLEAR PHYSICS 
Mahbub Khandaker, TJNL 

STUDENTS AND POST DOCS 
Meghan Ruppel, Stony Brook Univ.

XAFS 
Paul Northrup, BNL-Environ. Sci.

X-RAY SCATTERING AND 
CRYSTALLOGRAPHY 
Ben Ocko, BNL-Physics

TIME RESOLVED SPECTROSCOPY 
John Sutherland, BNL-Biology 

TOPOGRAPHY 
Michael Dudley, Stony Brook Univ.

UV PHOTOEMISSION AND SURFACE 
SCIENCE

Jeff Keister, SFA, Inc.
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NSLS Advisory Committees

SAC Committee members (from left): Eric Isaacs, Peter Stephens, Joel Brock, Tom El-
lenberger, Bill Thomlinson, Jim Penner-Hahn, and Simon Mochrie. (Missing from photo): 
Ed Kramer and Mario Amzel.

GENERAL USER PROPOSAL 
REVIEW PANEL

The Proposal Review Panel (PRP) 
reviews and rates General User 
Proposals. Members are drawn from 
the scientific community and generally 
serve a two-year term.

IMAGING AND MICROPROBES: 
BIOLOGICAL AND MEDICAL

Leroy Chapman, Univ. of Sask.
Max Diem, City Univ. of New York
Paul Dumas, Soleil
Kathleen Gough, Univ. of Manitoba
Lindsay Keller, NASA
Barry Lai, ANL
Irit Sagi, Weizmann Institute of Sci.

IMAGING AND MICROPROBES: CHEMICAL 
AND MATERIALS SCIENCES

Harald Ade, N.C. State Univ.
David Black, NIST
Gene Ice, ORNL
Nobumichi Tamara, LBNL

IMAGING AND MICROPROBES: 
ENVIRONMENTAL AND GEOSCIENCES

Don Baker, McGill Univ.
David Black, NIST
Jeffrey Fitts, BNL-Environ. Sci.
George Flynn, SUNY @ Plattsburgh
Lindsay Keller, NASA
Kenneth Kemner, ANL
David Wetzel, Kansas State Univ.

IR/UV/SOFT X-RAY SPECTROSCOPY: 
CHEMICAL SCIENCES/SOFT MATTER/
BIOPHYSICS

Jingguang Chen, Univ. of Delaware
Daniel Fischer, NIST
Jan Genzer, N.C. State Univ.
David Mullins, ORNL
Michael White, BNL-Chemistry

IR/UV/SOFT X-RAY SPECTROSCOPY: 
MAGNETISM/STRONGLY CORRELATED 
ELECTRONS/SURFACES

Robert Bartynski, Rutgers Univ.
Di-Jing Huang, SRRC
Hong Ding, Boston College
Boris Sinkovic, Univ. of Connecticut
Jiufeng Tu, CUNY
Tonica Valla, BNL-Physics
Barrett Wells, Univ. of Connecticut

METHODS AND INSTRUMENTATION

Leroy Chapman, Univ. of Sask.
Kenneth Finkelstein, Cornell Univ.
Albert Macrander, ANL 
Ralf-Hendrik Menk, Sincrotrone Trieste
Peter Takacs, BNL-Instrumentation

MACROMOLECULAR CRYSTALLOGRAPHY

Alex Bohm, Tufts Univ.
Daniel Leahy, John Hopkins Univ.
Brenda Schulman, St. Jude Hospital 
Da Neng Wang, New York Univ.
Joshua Warren, Duke Univ.

POWDER/SINGLE CRYSTAL CRYSTAL-
LOGRAPHY

Simon Billinge, Michigan State Univ.
Thomas Duffy, Princeton Univ.

Stefan Kycia, Univ. of Guelph
Peter Lee, ANL
Peter Stephens, Stony Brook Univ.

X-RAY SCATTERING: MAGNETISM/
STRONGLY CORRELATED ELECTRONS/
SURFACE

Sean Brennan, Stanford Univ.
Kenneth Finkelstein, Cornell Univ.
Valery Kiryukhin, Rutgers Univ.
Karl Ludwig, Boston Univ.
George Srajer, ANL
Trevor Tyson, NJIT

X-RAY SCATTERING: SOFT MATTER AND 
BIOPHYSICS

Paul Heiney, Univ. of Pennsylvania
Ben Hsiao, Stony Brook Univ.
Huey Huang, Rice Univ.
Robert Leheny, Johns Hopkins Univ.
H. Miriam Rafailovich, Stony Brook U.
Detlef Smilgies, Cornell Univ.
Helmut Strey, Stony Brook Univ.

X-RAY SPECTROSCOPY: BIOLOGICAL, 
ENVIRONMENTAL, AND GEOSCIENCES

Martine Duff, Westinghouse Savannah 
Dean Hesterberg, N.C. State Univ.
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ALLOCATION PANEL

The Allocation Panel allocates general 
user beam time to both new propos-
als and beam time requests based on 
ratings provided by the Proposal Study 
Panels. Members are drawn from the 
scientific community and generally  
serve a two-year term.

BIOLOGY-PX
Marc Allaire, BNL-NSLS
Annie Heroux, BNL-Biology

EXAFS
Jeffrey Fitts, BNL-Environ. Sci.
Syed Khalid, BNL-NSLS

IMAGING AND MICROPROBES

James Ablett, BNL-NSLS
Kenneth Evans-Lutterodt, BNL-NSLS
Antonio Lanzirotti, Univ. of Chicago
Lisa Miller, BNL-NSLS

IR/UV/SOFT X-RAY

Larry Carr, BNL-NSLS

VUV ALLOCATIONS

Elio Vescovo, BNL-NSLS

POWDER/SINGLE CRYSTAL/HIPRESS/
OPTICS

Zhong Zhong, BNL-NSLS

SCATTERING

Elaine DiMasi, BNL-NSLS
Cecilia Sanchez-Hanke, BNL-NSLS
Jean Jordan-Sweet, IBM
Christie Nelson, BNL-NSLS
Lin Yang, BNL-NSLS

NSLS Advisory Committees

GENERAL USER PROPOSAL 
REVIEW PANEL (CONT.)

X-RAY SPECTROSCOPY: BIOLOGICAL, 
ENVIRONMENTAL, AND GEOSCIENCES

Douglas Hunter, Univ. of Georgia
Kenneth Kemner, ANL
Satish Myneni, Princeton Univ.

X-RAY SPECTROSCOPY: CHEMICAL AND 
MATERIAL SCIENCES

Uwe Bergmann, SLAC
Simon Bare, UOP
Anatoly Frenkel, Yeshiva Univ.
Steven Heald, ANL
Jean-Pascal Rueff, Jussieu
Tsun Sham, Univ. of Western Ontario
Trevor Tyson, NJIT
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BEAMLINE X12B

Funding
National Institutes of Health Grants; Doris 
Duke Charitable Foundation

Publication
Z. Zavala-Ruiz, I. Strug, I., B.D. Walker, 
P.J. Norris, and L.J. Stern, "A Hairpin Turn 
in a Class II MHC-Bound Peptide Orients 
Residues Outside the Binding Groove for 
T Cell Recognition," Proc. Natl. Acad. Sci. 
USA, 101(36),13279-84 (2004).

For More Information
Lawrence J. Stern, Ph.D., Department of 
Pathology, University of Massachusetts 
Medical School

Email: Lawrence.Stern@umassmed.edu

Zarixia Zavala-Ruiz, Department of 
Pathology, University of Massachusetts 
Medical School

Email: Zarixia.Zavala-Ruiz@umassmed.edu

Accelerator Division Report

James B. Murphy
Associate Chair for Accelerators

Organization and Mission
The NSLS Accelerator Division (AD), headed by James B. Murphy, is organized into two sections: the Linear Accel-
erator (Linac) section, headed by Xijie Wang, and the Storage Ring & Insertion Device section (SR & ID), headed 
by Boris Podobedov. The AD staff consists of ten accelerator physicists, two engineers, three technicians, and four 
postdocs.

The NSLS Accelerator Division has a four-part mission: 

• To ensure the quality of the electron beam in the existing NSLS booster and linear accelerator, and the x-ray &  
 vacuum ultraviolet (VUV) storage rings
• To participate in the NSLS-II project, in particular the design of the storage ring and injection system
• To operate the Magnet Measurement Lab (MML) and the Source Development Laboratory
• To perform fundamental research and development in accelerator and free-electron laser physics

2005 Activities

Storage Ring & Injection System Improvements
Both storage rings have seen a steady rate of improvements in 2005. Several new or upgraded diagnostics, includ-
ing electron beam profile imaging hardware and a turn-by-turn beam position monitor for injection studies, have been 
made operational in the x-ray ring. Machine studies took place to better understand and improve the injection process 
into the rings. Additional work has been done to better calibrate the x-ring lattice model, specifically to improve the 
control of the horizontal-vertical coupling and vertical dispersion. Machine studies were also performed to prepare for 
the installation of the new X25 undulator in January 2006. 

One activity that brought an immediate improvement to the VUV ring users was the fine-tuning of the lattice, which 
resulted in a beam lifetime increase. Using the “Middle Layer” software tools incorporated into the NSLS control sys-
tem last year, the VUV ring symmetry was restored by correcting the quadrupole settings and adjusting the revolution 
frequency. With the restored periodicity, the lattice has a 15-20% higher lifetime, depending on the ring current. 

A task force on “Storage Ring Closed Orbit Measurement, Reproducibility, Stability & Feedback” was formed to de-
velop a plan to provide improvements on orbit stability. The task force drew upon the experimental and theoretical 
expertise of the Accelerator, Operations & Engineering and User Science divisions. Its objective was to determine the 
factors that influence beam stability and reproducibility in the x-ray and VUV storage rings, determine the present per-
formance of related systems, and make recommendations for improvements to these systems, up to the state-of-the-
art. In the course of their work, the task force systematically examined the requirements of the users, the status of key 
subsystems, such as beam position monitors, orbit feedbacks, orbit 
correction algorithms, and the noise sources that degrade beam 
stability. A report of the task force’s findings and recommendations 
is being prepared and those recommendations will be followed up 
on in the coming year.

Tremendous progress was made in FY05 to improve the NSLS 
injection system. Working in collaboration with the Operation & 
Engineering Division (OED), the beam profile monitors, wall cur-
rent monitors, and synchrotron light monitor for the NSLS linac and 
booster were successfully upgraded. Those newly upgraded diag-
nostic tools are now being used to improve the injection efficiency 
and reduce beam loss. An RF klystron was successfully re-built by 
Communications Power Industries (CPI) to ensure that the NSLS 
linac has sufficient spare klystrons for future operations. 
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Magnet Measurement Laboratory
During the December 2005 shutdown, the existing 15-year-old X25 hybrid wiggler was replaced by a new, state-of-
the-art, cryo-ready, in-vacuum “mini-gap undulator” (MGU), optimized for a dedicated macromolecular crystallography 
program. The X25 MGU is expected to provide X25 with between 2 and 30 times brighter x-ray beams over its entire 
tuning range, compared with the old X25 wiggler. It will also be substantially brighter, with better spectral cover-
age than the previous MGUs at X13 and X29. The mechanical and vacuum system was designed and fabricated by 
Advanced Design Consultants, Inc. of Lansing, NY; the magnet arrays were assembled at NSLS. The new MGU’s one-
meter-long hybrid permanent magnet structure has a period of 18 mm, a minimum operating gap of 5.6 mm, and a 
peak on-axis design field of 0.91 T. The device will provide continuously tunable spectral coverage from 1.9 to 20 keV, 
using the fundamental, 2nd, 3rd, 5th, and 7th harmonics. We used a new high-remanence, high-temperature grade of 
NdFeB developed for hybrid car motors (NEOMAX 42AH) with Br = 1.3T and Hcj = 24 kOe at room temperature. The 
high intrinsic coercivity (Hcj) allows the undulator to be baked to 100 ºC without a loss of magnetization for ultra-high 
vacuum (UHV) compatibility. Baking under vacuum in the lab for half a day at 90 ºC showed only a 0.4% decrease in 
the peak field, and an additional five-day 85 ºC bake showed negligible additional demagnetization. The final pressure 
after cool-down was less than 5x10-10 torr, well within x-ray ring requirements. 

The new MGU design incorporates several novel features, the most important being a provision for cryo-cooling the 
magnet arrays to 150 K. This will increase the remanence (Br) of the NdFeB magnets to about 1.45 T and raise the 
peak field to 1.0 T, thereby increasing the tuning range of all harmonics by 11%, as well as increasing the source 
brightness at some key photon energies.

To minimize stress and deformation of the magnet support 
beams during welding of the cooling channels, a low-tem-
perature “friction stir welding” technique was used for the 
first time in a UHV device. The cooling channels proved 
to be vacuum-tight under repeated cryogenic cycling and 
baking. A provision for stress-free thermal expansion and 
contraction of the magnet support structure was also dem-
onstrated during the thermal cycling.

A novel gap-measurement system using a commercial, 
high-precision, LED-based optical micrometer was incorpo-
rated to back up the linear encoders and to correct for gap 
changes due to differential contraction during cryogenic 
operation. The system optically monitors the magnet gap 
through viewports at either end of the MGU, ensuring a 
gap accuracy of ±2 micrometers. 

Magnetic measurements were performed using both pulsed 
wire and Hall probe mapping. A pair of full-length, rectan-

gular Helmholtz coils was added to the exterior of the vacuum chamber to compensate for Earth’s field and to cancel 
a small systematic dipole error in the magnet array. These coils will be powered by one of the existing end-pole sup-
plies from the old X25 wiggler. Despite very little time for trajectory, multipole, and phase error shimming, we achieved 
an RMS phase error of 2.5 degrees (sufficiently low to assure good spectral quality up to the 7th harmonic) and met 
the x-ray ring’s multipole tolerances. 

The new X25 MGU was completed, tested, measured, and shimmed on schedule, thanks to the outstanding efforts of 
NSLS staff members from all divisions, who worked many nights and weekends to make it happen. Most of them can 
be seen in the photo above.

NSLS-II Machine Design
The NSLS-II storage ring is the future of the NSLS, and it will provide unprecedented high-brightness photons to the 
user community. The AD staff worked in collaboration with the OED staff to produce the pre-conceptual machine de-
sign, which served as the technical basis for achieving “Critical Decision Zero” status for the NSLS-II project in August 
2005.

Proud X25 team surrounding the new mini gap X25 undulator
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Source Development Laboratory (SDL)
The Source Development Laboratory is a platform for the development and applications of new radiation sources, 
such as free electron lasers and coherent terahertz (THz) radiation. Funding was obtained from the Office of Navy 
Research to pursue the development of laser-seeded free electron amplifiers in the 0.8 - 1.0 micron range. The SDL 
has also measured a record 100 microjoules per pulse of THz radiation, which will be used for materials science ap-
plications by BNL and external users.
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Operations and Engineering Division

Erik D. Johnson
Associate Chair for Operations and Engineering

Organization and Mission
The Operations and Engineering Division (OED) has three sections: Operations, which is led by Richard Heese; Elec-
trical Systems, led by Richard Biscardi; and Mechanical Engineering, led by Ed Haas. To serve the NSLS user com-
munity, our mission falls into three main areas:

• Operating on of the NSLS 24 hours a day, seven days a week, an average of 44 weeks a year  
• Designing, fabricating, and maintaining of the NSLS accelerators, infrastructure, and instruments, including  
 upgrades, modifications, and proposal development 
• Providing engineering and technical support for other NSLS divisions and the NSLS user community 

The OED staff includes one scientist, 19 engineers, and 55 technicians, making it the largest of the NSLS divisions. In 
addition to its own staff, the division coordinates the activities of five full-time skilled tradesmen from the laboratory, 
as well as shops and trades assigned for specific jobs. The breadth of our mission is such that we need to draw on 
the capabilities of the other NSLS divisions for support, and in turn provide specialized support for their activities.  

2005 Activities
Thankfully, this year was not punctuated by some of the major equipment failures that we have experienced in recent 
years. An overview of machine performance summarized for calendar year 2005 is provided in Section 6, “Facility 
Facts and Figures.” For Fiscal Year 2005, which is the DOE reporting period, overall reliability was 96% for the x-ray 
ring and 99% for the VUV ring. For a facility now into its third decade of operations, high reliability depends critically 
on an aggressive maintenance program as well as the skill of the staff operating the machine. Faults and operations 
disruptions are carefully monitored to extract trends and help us focus our efforts on the most fragile systems. A com-
paratively small number of disruptions over four hours in duration accounts for much of the down time. For FY 2005, 
roughly one-third of the downtime came from only six events on the x-ray ring and three on the VUV ring. This distri-
bution is an indication of a mature operation with an effective preventive maintenance program.

Along with our maintenance program, a number of initiatives were undertaken this year aimed at improving the safety, 
performance, and reliability of the facility. After an extensive evaluation of hazards at the NSLS, our staff members 
located, identified, and labeled potential sources of stored energy that could cause injury to staff or visitors. Plac-
ing informational signs sounds like a mundane activity, but it was actually an important milestone in our program to 
enhance worker safety around the facility. During the spring shutdown, in addition to our equipment upgrade and 
preventative maintenance activities, NSLS staff members placed more than two thousand warning signs on equipment 

around the facility, much of it in use since the start of NSLS operations. This 
activity required a bottom-up assessment of the stewardship and hazards for 
all of the NSLS equipment, capturing the information in a systematic manner 
and providing suitable warning signs with information pointing to the correct 
procedures for servicing the equipment. This monumental investment of effort 
is worthwhile, since we anticipate continuing use and development of the facil-
ity for some years ahead.   

Significant effort was also directed toward becoming compliant with various 
code requirements. Major investments were made to facilitate compliance with 
the National Fire Protection Association code on electrical safety (NFPA 70E) 
in a way that minimizes impact on operations. This included providing special-
ized personnel protective equipment (PPE) required by the code, providing 
training on its use, and, where possible, installing systems to verify that equip-
ment that does not require the use of PPE is de-energized.  

An Electrical Equipment Inspection (EEI) program has also been developed to 
assure that electrical equipment is free from reasonably foreseeable risk due 
to electrical hazards. This goal can be met when equipment is certified by a 
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Group
Area/System Total X- DT U- DT X-ray UV

Total Charges to Down Time
Controls and Diagnostics 121 37 11 29.8 8.4
Power Systems 195 41 45 60.7 57.3
Utilities 95 47 26 54.3 10.7
Miscellaneous 136 86 8 36.1 1.6

547 211 90 180.9 77.9
Significant Disruptions
Ground Faults on XQB 22.5
VUV RF System Intermittant Short 20.3
X-ray Sextupole overheating (XSD1) 13.1
Trim system failures 8.1
LIPA Switchover Power Dip 4.1

3.6
VUV RF 100 W amplifier failure
XRF2 Contactor Replacement
VUV Dipole PS Water Leak

4.3

3.7
51.4 28.3

Balance to 'Routine' Faults
129.5 49.7

Number of Faults Downtime [hr]

FY05 Summary Fault AnalysisNationally Recognized Testing Laboratory (NRTL) or 
through further inspection through the EEI program. 
In either case, the equipment must be inspected and 
inventoried. Equipment that does not carry NRTL 
certification will be subject to further examination 
to ensure that it will be safe for its intended use. 
This work will be performed by a cadre of inspec-
tors comprised of longtime members of the NSLS 
community with extensive experience as electrical 
technicians or engineers. This effort will be an ongo-
ing program, and full inspection of all equipment is 
expected by DOE by 2009.

The spring shutdown also saw a complete rebuild 
and upgrade of the UV RF1 temperature control sys-
tem, substantially improving its thermal response. 
This is important because the old system could not 
adjust quickly enough to keep up with the change in 
load from injection at maximum rate, and hence ex-
tended the minimum fill time for the VUV ring. After 
the shutdown, with the new system in place, one fill 
was completed from 0 to 1000 mA in less than two 
minutes. Of course, this also depended on the ability of the injector to rapidly supply charge to the machine.  

Working with the Accelerator Division staff, this year the injection system was fitted with enhanced diagnostics to al-
low tracking of its performance. Wall current monitors were installed on existing ceramic breaks to follow current loss 
from the linac through the transport lines. Improved flags installed in key areas provide better imaging of the electron 
beam to help with machine tune-up. These upgrades are part of an ongoing effort to reduce lost charge and the radia-
tion it produces around the facility. They also have the benefit of providing more user beam through reduced injection 
times.

Several other major activities underway in 2005, aimed at improving the capabilities of the facility, achieved significant 
milestones during the winter 2005 shutdown. The new undulator constructed for X25 was installed, providing a much 
brighter source for the X25 program. The construction, measurement, and testing of this novel device was a monu-
mental and sustained undertaking for the whole department. The X25 mini-gap undulator (MGU) is described in detail 
by the Accelerator Division on page 5-4. This is only fitting, since their 
Magnetic Measurement Lab became a center of activity as the device 
came together for final assembly and testing starting in October.  

Another major program effort revolves around the creation of an inser-
tion device based on a small angle x-ray scattering (SAXS) beamline 
to support research for the Center for Functional Nanomaterials. As it 
happens, the only available insertion device location in the x-ray ring is 
the RF straight, which feeds the X9 beamline, a slot already occupied 
by two very active beamlines that need to be relocated to make way for 
the new program. A suitable new home for the current Case Western 
X9 beamlines is the space at X3, although it was occupied by the Stony 
Brook University powder diffraction program. This program was relocated 
to X16C, which was refurbished for powder diffraction work. This cascade 
of moves is well underway, with the User Science Division coordinating 
and supporting the relocation of SBU program to X16C and dismantling 
the old beamline at X3 during 2005. This seemingly Byzantine series 
of moves was planned after careful consideration of many alternative 
sequences that would address the need to make a significant program 
change in a facility that is fully built out. Of the options considered it was 
easily the most cost effective way to free the space at X9 with minimal 

The X25 MGU in the tunnel (not surrounded by the legion 
who built it; see Accelerator Division article for more infor-
mation).  

New X25 insertion device
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disruption for most of the user community.

To provide sufficient space within the x-ray ring for the insertion device 
that is to be located in the RF straight, the last of the new RF cavities 
was installed during the winter shutdown. Beyond making space for a new 
insertion device, as was done in the X29 RF straight, this last new cavity 
for the x-ray ring completes a long upgrade campaign. The new cavity 
design has improved thermal performance and eliminates weld joints that 
separated vacuum from water.

Further work is planned for the winter 2006 shutdown to install an inser-
tion-device-capable exit chamber on the ring and to complete prepara-
tions of the RF straight such that it can receive an insertion device. The 
critical front-end components for the current X9 beamline will be relo-
cated during the May 2006 shutdown, with relocation of the beamline to 
occur during the summer of 2006.

With the award of CD0 for NSLS-II in 2005, the whole NSLS community looks forward to bringing the exciting capabili-
ties the proposal envisions into reality. In the meantime, the OED will continue to work with the other NSLS divisions 
to keep our user community on the existing facility — one of the most productive synchrotrons in the world. 

 

XRF 1 and XRF 2
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User Science Division Report

Chi-Chang Kao
Associate Chair for User Science

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, strengthening existing scientific programs, fostering the growth of new sci-
entific programs, and raising the visibility of the exciting science produced by our users both inside and outside the 
scientific community. 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 Science Division 
and the NSLS user community for 2005 are summarized below.

2005 Activities

Beamline Reviews
With the cooperation of participating research teams (PRTs) and assistance from a large number of NSLS staff, all 
operational beamlines at the NSLS were reviewed in January-February 2005 by the NSLS Scientific Advisory Commit-
tee (SAC). In this round of review, beamlines were divided into seven groups: macromolecular crystallography, x-ray 
scattering/soft condensed matter, x-ray scattering/hard condensed matter, powder/single crystal diffraction and high 
pressure, imaging and microprobe, x-ray spectroscopy, and IR/UV/soft x-ray spectroscopy. Each group was reviewed 
by an ad hoc beamline review committee led by one or two members of the SAC. The goal of the review was to ensure 
the highest scientific productivity and safe operation of these beamlines. Specifically, the following areas were evalu-
ated by the review committee for each beamline: (1) importance of the scientific program; (2) quality and quantity of 
scientific productivity; (3) quality of beamline instrumentation, including beamline optics/controls, endstations, detec-
tors, and software; (4) funding for the beamline operation and beamline/endstation upgrades; (5) effectiveness in 
beamline usage; (6) level of beamline staffing; and (7) safety-related issues, including beamline operation procedures 
and user training. The evaluation and recommendations from the beamline review were accepted by NSLS manage-
ment and communicated to the PRTs soon after the review. Most of the PRTs have been renewed for another three 
years. We are working closely with the remaining PRTs to resolve the issues raised by the review.

User Access Policy
Another major undertaking in 2005 was the establishment of facility beamlines (FBs) under the new NSLS User Ac-
cess Policy. A set of approximately 15 beamlines were selected as FBs in the first phase, based on coverage of the 
primary research directions of the user community, available resources, and considerations of complementary capa-
bilities provided by the PRTs. The goal of these beamlines is to allow general users to have access to all wavelengths 
and major synchrotron techniques. In addition, general users will also have better coordinated support from the facili-
ty’s scientific and technical staff. Users will also benefit from enhanced instrumentation at these beamlines as a result 
of the beamline/endstation upgrade projects carried out over the last few years. These FBs were put into operation 
starting from the fall cycle of 2005. We are looking forward to work-
ing with and receiving feedback from users at these beamlines. 
Finally, we initiated a contributing user (CU) program on the FBs, 
with the first CU proposals submitted in September 2005. The CUs 
enhance the endstation capabilities on the FBs. In some cases, 
this enhancement involves specialized instrumentation to meet the 
needs of specific research communities, such as catalysis or envi-
ronmental sciences. In other cases, the enhancement involves the 
implementation of a specific x-ray technique, such as x-ray stand-
ing wave or strain-mapping. The CUs also provide supplemental 
user support to strengthen the scientific impact of the FBs.

Education and Outreach
We continue to take steps to enhance user education, training, and 
outreach at the NSLS. In the area of user training, we organized a 
“High Resolution Powder Diffraction Data Collection and Analysis" 
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short course, with the help of Peter Stephens (Stony Brook University) and Christie Nelson (NSLS). It was an inten-
sive three-day course that included lectures on the basic physics of powder diffraction, indexing, and Rietveld refine-
ment, as well as cutting-edge research using powder diffraction. The course also involved hands-on data collection 
carried out on NSLS beamlines X3B1, X7A, and X14A. Feedback on the short course was very positive, and we are 
considering running it annually. We also continued our annual EXAFS short course in 2005, which was entitled "EX-
AFS Course: Theory, Experiment, and Advanced Applications." We worked closely with users to organize additional 
focused scientific workshops, including "RapidData 2005," a workshop on "Strain Mapping in Engineering Materials 
with High-Energy Synchrotron X-Rays," a "BNL Workshop on Intense Coherent THz Pulses," a "Crystallization Work-
shop," "Bio-CD 2005," the "Synchrotron Environmental Sciences III (SES-III)" conference, a workshop on "Synchro-
tron Infrared Spectroscopy for High-Pressure Geoscience and Planetary Science," and three tutorials entitled the 
"X6A Workbench: Hands-On Training in Synchrotron Crystallography," These workshops were very effective in intro-
ducing the use of synchrotron techniques to a particular area of science to non-synchrotron users. Many new research 
opportunities and fruitful collaborations have resulted from them. Finally, a concerted effort has been made this year 
to coordinate closely with the Center for Functional Nanomaterials, in order to reach out to nanoscience researchers 
through joint seminars, workshops, and visits to interested universities and institutions.

Beamline Upgrades
There were a number of significant beamline upgrade projects completed this year by the NSLS and PRTs, including 
an upgrade of the X18B monochromator, the construction of a micro-beam diffraction endstation at X13B, an upgrade 

of the U13 photoemission spectrometer, the design and testing of Quick-EXAFS, 
the development of a double-focusing high-energy monochromator for X17, and the 
implementation of high field magnets at several beamlines around the ring. These 
highlights are described in detail below.

New High-Resolution Electron-Energy Analyzer Installed on Beamline U13UB
The 1990s renaissance in the field of angle-resolved photoemission spectroscopy 
(ARPES) resulted from the combination of new parallel-detection (in energy and 
angle) photoelectron spectrometers with high-brightness VUV synchrotron beam-
lines. At the NSLS, such a beamline/endstation combination was constructed and 
commissioned at beamline U13UB in the late 1990s.

In 2004, the original Scienta photoelectron spectrometer that had been used since 
1998 was replaced by a higher-resolution instrument from the same company. Shown 
in Figure 1, the new instrument has a measured energy resolution of 0.7 meV, which 
is a significant improvement over the ~5 meV resolution of the previous model. A 
photoelectron spectrum recorded at low temperature from an evaporated gold film 
in the vicinity of the Fermi edge is shown in Figure 2. The energy width of the Fermi 
edge in this spectrum is limited by the temperature of the sample.

This new instrument has been used by U13UB PRT members and general users 
since late 2004. The U13UB PRT members (Brookhaven Lab’s Physics Department, 
Boston University, Boston College, and Columbia University) are using the enhanced 
energy resolution of this new instrument to study detailed information on the elec-
tronic structure and dynamics of complex electronic systems. In particular, a recent 
study of the quasiparticle scattering rates around the Fermi surface of Sr2RuO4 was 
reported in Physical Review Letters by the Brookhaven group (PRL 94, 107003 
(2005)). This study provided a microscopic picture of the origin of the crossover from 
non-Fermi liquid to Fermi liquid behavior observed in macroscopic transport mea-
surements.

Figure 1. Photograph of the U13UB ex-
perimental endstation, the heart of which 
is a very high resolution Scienta SES200 
photoelectron spectrometer.
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Figure 2. A photoelectron spectrum re-
corded at low temperature (~5 K) from an 
evaporated gold film in the vicinity of the 
Fermi edge, demonstrating the superior 
(sub meV) electron energy resolution of 
the new Scienta photoelectron spectrom-
eter at beamline U13UB.
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An X-ray Micro-Diffraction Instrument for Materials Research 
A new x-ray micro-diffraction instrument was developed at X13B to take advantage of the small source size of the in-
vacuum mini-gap undulator in the X13 straight section of the NSLS x-ray ring. This instrument combines sub-micron 
spatial resolution, exceptional reciprocal space access, a choice of focusing optics, and a modular design to accom-
modate different experimental needs.

A New High-Energy X-ray Side Station for High-Pressure Research 
A new side-diffracting double-focusing high-energy x-ray monochromator was developed to provide 30-100 keV mono-
chromatic x-rays to a new endstation in beamline X17B2, which includes a new high-pressure press and a MAR345 
image-plate detector. It will enable high-resolution angle-resolved diffraction and pair-distribution function measure-
ments to allow structure refinement for materials under high pressure.

A Fast Scanning Monochromator for X-ray Absorption Spectroscopy 
A new monochromator drive and data-collection scheme has been developed to allow fast measurement of x-ray 
absorption spectra. This new method reduces the collection time of a typical extended x-ray absorption fine structure 
(EXAFS) spectrum to less than one second. It will be particularly important for the study of kinetics in catalytic reac-
tions.

X18B: A New Monochromator for X-Ray Absorption Spectroscopy Between 4.9 and 40keV
A new monochromator has been installed at beamline X18B to lower its lower energy limit from 5.6 keV down to 4.9 
keV. This change might sound small, but it opens significant opportunities for research — especially in solid-state 
physics, materials science, and catalysis research — since the K-edges of two important 3d-transition metals, titanium 
and vanadium, have their energies at 4.966 and 5.465 keV, respectively.
 
Beamline X18B is optimized for hard x-ray absorption spectroscopy. The original monochromator covered an energy 
range between 5.7 and 40 keV (Cr – Ce K-edges, Ce – U L-edges). An overlapping lower energy range (2-7 keV) 
is covered by beamline X19A, which is optimized for x-ray absorption spectroscopy below 4 keV. However, several 
research groups, especially in the field of catalysis research, do experiments at the K-edges of several 3d-transition 
metals. The typical duration for one of their experiments is two to three days, including a few hours of research at 
photon energies below 5.7 keV (i.e. the V and Ti K-edges). 

Rather than attempt to schedule and setup experiments at both X18B 
and X19A, we decided to extend the lower energy range of X18B down 
to 4.9 keV via a simple modification of its monochromator. The mono-
chromator at X18B is a standard channel-cut monochromator with a 
3mm gap between the two crystals. The original length of the first crystal 
was 34 mm, which limited the maximum usable angle of operation of the 
monochromator, and in turn limited the low end of the photon energy 
range to 5.7 keV. The 34 mm length of the first crystal was chosen in or-
der to intercept the entire beam vertically at higher energies, where the 
Bragg angle, and thus the vertical acceptance of the crystal, is smaller. 

However, as it turns out, the vertical opening angle worsens the energy resolution at higher energies, so it is better 
to limit the vertical beam size at high energies, thereby shortening the required length of the first crystal and increas-
ing the usable angular and photon energy ranges of the monochromator. By optimizing both the energy resolution and 
intensity, the footprint of the white beam on the monochromator remains almost constant over the energy range of 
this monochromator. This allowed us to shrink the length of the first crystal to 16 mm, which is still enough to prevent 
heat-load problems like the thermal bump. 

The monochromator was first mounted in the beamline in the end of April, and tested and commissioned in April and 
May. 

New X18B monochromator with smaller first crystal.
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Beam Stability Tests at X18B
One important parameter in the success of experiments at the NSLS is the stability of the x-ray beam on the sample. 
Properties such as intensity, beam position, energy stability, and in a few cases degree of polarization play crucial 
rules in this success, and some can be neglected based on the experiment. Ideally, these properties, when normal-
ized by their dependence on ring current, do not change over the course of an experiment. Change from the ideal 
performance can be caused by motions of the electron beam in the storage ring or by motions of the beamline optics. 
The latter are often thermally driven, their effect is not proportional to beam current, and they can cause any combina-
tion of beam position changes, intensity changes, or energy changes. Ideally, these motions are eliminated by stable 
supports (beamlines and storage ring), feedback systems (electron beam and, in some cases, beamline optics), and 
efficient cooling schemes. In practice, however, both the electron beam and the beamline optics move slightly over 
time, requiring regular realignment. 

During a beam studies period, we measured the effect of beam 
motion on the intensity and energy of beamline X18B, which is 
equipped with a channel-cut Si(111) monochromator located at a 
distance of 18 meters from the source. X18B accepts a vertical 
(horizontal) divergence of 50μrad (0.5-1 mrad). Since X18B is opti-
mized for x-ray absorption spectroscopy, we do not care too much 
about position stability. In contrast, we care a lot about source an-
gular stability, since this directly affects the photon energy selected 
by our monochromator.

Based on the geometry of the X18B beamline (slit sizes and posi-
tions), we calculate that vertical offsets of the source (electron 
beam) by 60μm or angular changes by 5μrad cannot be observed in 
a typical experiment. In order to test these calculations, we aligned 
the beamline slits such that the beamline becomes sensitive to 

beam motions in one direction (angle or position), but not the other. We then moved the beam (angle and position) 
around the nominal values and measured the intensity and energy stability. We did not study the effects of orbit mo-
tion (position or angle) in the horizontal plane, since X18B is not sensitive to motion in this plane. 

The results of the orbit studies described above on the intensity and energy of beamline X18B are shown in Figures 1 
and 2.  It is apparent that vertical angular changes have only a small effect on the energy calibration, independent of 
the slit position, but have a relatively large effect on intensity. Theoretically, the energy should remain constant as a 

function of vertical source angle, which demonstrates that the X18B 
beamline saw a positional shift in addition to an angular change 
during these studies. The photon energy shifts significantly more for 
changes in the vertical source position, about 0.1 eV for 100 μm, as 
expected. The intensity profile in Figure 2 is an asymmetric func-
tion of vertical source position relative to the standard orbit value. 
The reason for this is that we aligned our three beamline slits/
apertures (5 mm vertical Be-window, 1mm vertical white beam slit, 
0.5 mm vertical hutch slit) such that the lower edges of their upper 
jaws were aligned, as viewed from the source point. In this situa-
tion, if the electron beam moves up, one of the slits intercepts the 
beam and the intensity is reduced immediately. Beam motions in 
the other direction, however, move the beam more towards the cen-
ter of the three slits, so the intensity is much less strongly reduced, 
as can be observed in the data.

In summary, we confirmed our calculations for the sensitivity of the X18B beamline to electron beam motions and 
demonstrated that the intensity can vary significantly if the beamline is not aligned appropriately. For normal opera-
tions, we align the slits symmetrically about the nominal beam axis in order to maximize intensity and to maximize the 
intensity stability. During normal operations, the intensity varies less than 0.4%, and the energy is stable within 
0.05 eV.

Figure 1. Intensity and energy shift for changes of the vertical 
angle. The stability of the beam is better than 5 μrad.
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Figure 2. Intensity and energy shift for changes of the vertical 
position. The stability of the beam is better than 50 μm.
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High Resolution Terahertz Spectroscopy in Magnetic Field
Over the past few years a new magneto-optical facility has been developed at the U12IR beamline at the NSLS.  The 
main components are an Oxford Instrument superconducting magnet, and a Bruker IFS 125HR high-resolution spec-
trometer. -The principal reason for using the synchrotron source in far-IR spectroscopy is the brightness advantage 
over a conventional light source -- depending on the frequency range 
and on the sample geometry, the synchrotron results in a factor of 50 
- 200 gain in the intensity, making a vast array of new measurements 
possible.  

The Bruker spectrometer is essentially an interferometer where spec-
tral resolution is proportional to the available path difference (be-
tween the two interferometer “arms”).  This particular spectrometer 
has an extremely long path difference, yielding a 0.001 cm-1  (0.125 
μeV) resolution. The available spectral range is from 5 cm-1 (0.63 
meV) to over 7000 cm-1. The magnet can produce fields up to 16 
Tesla and its 20 liter He reservoir has a  hold time of nearly 1 week.  
A set of three wedged single crystal quartz windows at the bottom 
provide optical access to the sample from below, along the vertical 
axis of the magnet  (see figure). The sample temperature can be 
varied between 1.8 K and room temperature.

The facility was tested extensively and the first results have been published on LaMnO3, a well-known antiferromagnet 
and the parent compound of the so-called colossal magnetoresistance materials.  Other projects currently in progress 
include: the study of the single molecular magnet Mn12-acetate (in collaboration with Myriam Sarachik, City College 
of New York), spin resonance on NaNiO2 (with Sophie De Brion, Grenoble HMFL), the investigation of correlated mag-
netic systems, including LiCu2O2  and others (with Laszlo Forro, EPFL, Lausanne), and magneto-optical studies on 
superconductors, including carbon-doped MgB2. 

The Oxford Instruments magnet, installed next to the Bruker IFS 
125HR spectometer. The stainless steel tubes contain the optical 
coupling to the VUV-IR ring and between the spectrometer and 
the magnet.

A 10T Superconducting Magnet for Magneto-Structural and Magneto-Electronic Research and Education
A horizontal-field, split-coil superconducting magnet has become available for magneto-structural and magneto-elec-
tronic research at the NSLS. The magnet can operate over the temperature range from 1.6 to 300 K and over the field 
range 0 to 10 T. The horizontal field enables x-ray absorption measurements with linearly polarized x-rays with the 
electric field of the beam parallel to or normal to the magnetic field. Care was taken in the design to ensure that the 
samples can be measured in transmission mode for energies down to 5  keV (and in small steel hutches).  

In general, this magnet is being used to study the lattice-spin coupling in com-
plex materials. It was designed to be used on beamlines X11A, X19A, X21A and 
X23B for structural measurements (XAFS and powder XRD) in magnetic fields.  
With the use of a quarter wave plate, hard x-ray circular dichroism measure-
ments on these beamlines will be feasible. With a differential pumping configura-
tion, a future upgrade will make possible x-ray magnetic x-ray magnetic circular 
dichroism (XMCD) measurements on beamlines X13A and U4B. This will enable 
the study of magnetism in hard magnets as well as the induced moments on 
oxygen sites in metal oxide systems. Optical access is possible by replacing the 
kapton windows with quartz windows and/or replacing the variable temperature 
insert windows and external windows with all-quartz windows. The magnet was 
funded by a NSF IMR Grant and is now operational.    

The magnet set up at X19A.  It is mounted on a 
xyz table, which can be motor-controlled for ease 
of alignment.  Samples are loaded from the top 
on a vertical rod into the samples space and are 
cooled by helium vapor or liquid from the magnet 
reservoir.
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User Administration Report

Mary Anne Corwin
User Administrator

User Statistics
In FY05, there were 2,256 users from academia, government, industry, and other institutions (see Figure) who per-
formed experiments at the NSLS.

Consistent with past years, more than a third were first-time users. The majority of our users come from the materials 
and life sciences arenas. Slight increases were noticed in medical applications and in the biological and life sciences. 
The numbers of users in the fields of chemistry and engineering decreased slightly. Other areas remained fairly 
stable.

Education and employment levels vary. Scientists, faculty members, 
or other professionals make up the largest user population at 43%. 
Graduate students account for 39% and post-docs make up 14%. 
Users that are between 30 and 39 years of age and are male are the 
most numerous. In FY05, 410 unique academic, government, non-
government laboratory, and industrial institutions sent users to the 
NSLS. Nearly 260 were academic institutions.

Contributing Users
A new mode of access to beam time became available in FY05. Proposals by contributing users (CUs), who are indi-
viduals or groups who carry out research at facility beamlines and also contribute to their operation, were approved.

PASS System
The NSLS Proposal Allocation Safety and Scheduling (PASS) System, a web-based resource for proposal submis-
sions, feasibility and peer review, allocation and scheduling of beam time, safety review, and maintenance of beam-

line information received several enhancements in FY05. Managers of 
crystallography data were provided with automated feeds to manage 
information more efficiently. Proprietary proposals and an automated 
billing system for proprietary charges were incorporated. User inter-
face changes were made to provide more information to PASS users 
and to simplify the tasks of copying existing proposal and safety ap-
proval forms. The development of a component for requesting rapid 
access to beam time has been started. Plans for FY06 include com-
pleting of rapid access proposals, including contributing user access, 
and expanding the beam time scheduling component.

Safety Compliance
Due to two measures implemented in the prior fiscal year, non-compli-
ances related to safety and security by users accessing the experi-
mental floor were nearly eliminated in FY05. The measures involved 
encoding badges for timed access and the inclusion of various user 
expiration dates (e.g., training, badge, etc.) on the safety approval 
form.

Final Comments
As many of you know, I recently accepted the position of NSLS Train-
ing Coordinator in the ESH&Q Division, following Eva Rothman’s 
footsteps again! So, this will be my last report. I’ve learned so much 
through all the interactions that become part of the regular routine of 
a user administrator. The roles are complex, and often challenging 

The User Administration Group (top, from left) Mary Anne 
Corwin and Gretchen Cisco, (bottom, from left) Liz Flynn and 
Mercy Baez.
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and demanding. I’m grateful for having had the opportunity to work in 
all these areas. My experience will have many benefits in carrying out 
my new responsibilities and has provided me with a strong foundation 
for my new position. As I leave this position, one thing is evident: NSLS 
User Administration staff have always been very productive, handling 
hefty workloads and challenges in a prompt, expert, and courteous 
manner. Please welcome our new User Administrator, Kathleen Nasta 
(formerly the BNL Science Museum Program Coordinator), as your 
liasion between the NSLS and the user community. Your support will 
promote a smooth transition for the NSLS and our users. 25%

40%

6%

6%

4%

8%11%

Chemical Sciences Materials Sciences

Life Sciences Geosciences and Ecology

Applied Science and Engineering Optical/Nuclear/General Physics

None Specified

NSLS Users by Field of Research
FY 2005

NSLS Users by Affiliation
FY 2005

OTHER
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Safety Report

Bob Casey
Associate Chair For ESH

Organization and Mission
The NSLS Environment, Safety, Health and Quality Division, headed by Bob Casey, consists of seven professionals 
servicing ESH, Training, and Quality Assurance, and one administrative assistant.

ESH performance within the NSLS and at Brookhaven National Laboratory in general remains an important issue 
for NSLS staff, PRT members, and users. There is great emphasis at BNL on reducing the frequency of injuries and 
incidents, and this emphasis produces heightened visibility for all matters relating to safety. The NSLS Activity Report 
provides an excellent opportunity to comment on ESH performance at the NSLS and to discuss issues that will be of 
importance in the year ahead. 

2005 Activities
Safety performance was high in 2005 in all areas.

1. We had no injuries that met recording criteria or resulted in lost or restricted time during 2005. In fact, at the time  
 of this writing, we have worked more than 1.5 million person hours without a lost-time injury at the NSLS. This  
 parameter is given a major weighting by BNL and Department of Energy management in judging safety perfor- 
 mance. In the figure, on the next page, the significant reduction in DART rate since FY 1997 is clear. We can all  
 take pride in that accomplishment.

2. We had no reportable occurrences related to ESH issues in 2005.

3. Radiation exposure remains very low — the total recorded dose to NSLS staff and users for 2005 was less than  
 50 mRem.  

4. There were no spills or releases of hazardous materials to the environment.

5. The generation of hazardous and industrial waste continues near all-time lows. Inspections of work sites indicate  
 a high degree of compliance with hazardous waste and environmental requirements.

6. Our responsiveness to inspection and audit findings and training requirements was prompt and complete in 
 general. 

7. Our compliance with safety requirements, as indicated through numerous audits, is viewed as high.

These performance measures are a good indicator that NSLS staff and users are seriously addressing safety. Be-
cause of the effort of many people, the NSLS is a safe place to work. More than 1,200 experiments were conducted 
safely and approximately 2,300 users conducted research in our facility without significant incident or injury. I want to 
acknowledge the ongoing commitment and dedication of the NSLS management and staff, and that of our user com-
munity. A pat on the back is due to everyone involved.

ESH Initiatives of Importance in 2006
Two issues of importance to the user community will receive par-
ticular emphasis during 2006.

Electrical Safety 
Much has been done in the past year to identify equipment that 
has the potential to create electrical shock hazards if improperly 
handled. Labeling, increased training, and inspections have been 
a major commitment. A similar emphasis will continue this year to 
re-enforce the previous efforts. Inspections will begin on beamline 
equipment that does not have a label or sticker from a nationally 
recognized test laboratory (e.g. U.L). In addition, all equipment 
brought in by visiting users must be labeled or inspected by desig-
nated staff before it can be used on the experimental floor. 



5-16 NSLS Activity Report Facility Report      5-17 

Integrated Safety Management
The NSLS Safety Program is based on the principles described by the Department of Energy as Integrated Safety 
Management (ISM). It is the intent of the ISM program to ensure that all work is effectively performed by trained and 
qualified personnel and that hazards associated with the work have been fully identified and properly controlled. 
These concepts are embodied in the safety program requirements established for all users and staff. We will seek to 
ensure a good understanding and implementation of these practices and requirements throughout this year.

Conclusion
We must maintain a sharp focus on working safe-
ly, and we must continue efforts to ensure that 
our research programs capture the requirements 
of the NSLS Safety Program and the essence of 
ISM. World-class research and a rigorous safety 
program are compatible. Most importantly, a 
successful safety program is built on an ongoing 
awareness, involvement, and commitment from 
everyone. We all know that one problem can 
quickly override and out-shine many successes. 
Whether you are at your home institution or at 
the NSLS, keep an eye on the workplace. Make 
sure that all requirements are respected and that 
work is conducted safely. We all have a stake in 
safety performance.

NSLS DART Rates since FY 1997

Cases/200,000 
hours
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Building Administration Report

Gerry Van Derlaske
NSLS Building Manager

Nearly 25 years since first commissioning the VUV ring, the NSLS remains one of the most widely visited research 
facilities in the DOE complex. Previous large-scale construction projects have been replaced with building upgrades, 
which have been taking place during monthly maintenance sessions and scheduled shutdown periods. As always, the 
experimental halls remain a hotbed of activity, as many trades groups, technicians, scientists, staff members, and visi-
tors work side by side conducting cutting-edge research in a safe and efficient manner. Staff and users are asked to 
report concerns that may arise regarding safety or security issues to any NSLS staff member. We do appreciate hav-
ing others act as our eyes and ears. Contacts may be reached via phone, e-mail, or in person. Our aim is to provide a 
safe and secure environment for carrying out quality scientific research programs.  

Work Planning and Controls for Maintenance and Operations
Overseeing the work-planning and work-permit process for safety and controls for a majority of the work being ac-
complished within the facility now resides with Al Boerner, Operations Division, who assumed the position of NSLS 
work control manager in January 2005. In keeping with the effort to have all work planned and properly reviewed prior 
to the commencement of tasks, several programs and training modules have been implemented to assure a safe and 
consistence application of the work-planning process. The work control manager, assisted by many work control coor-
dinators, ensures that proper work planning policy is followed by both in-house staff and NSLS users. 

Material Handling and Overhead Hoists
Due to serious events across the DOE sites, material handling devices, overhead cranes, and below the hook lifting 
devices were given a high priority for assessment regarding compliance, inventory tracking, and inspections. At the 
NSLS, the point of contact for all material handling/ hoisting and lifting devices is Robert Kiss. During this assess-
ment period, new training requirements were developed, responsible individuals were named for each of the overhead 
cranes, and administrative locks were placed on overhead cranes to prevent use by unauthorized individuals. These 
programs were established to create a safe and consistent policy for our staff and users of material-handling and 
lifting devices. All below-the-hook devices, such as slings, shackles, and lifting fixtures, are required to be inspected 
on an annual basis and inventoried into our database, along with being assigned to a responsible individual. This 
program also applies to the purchase of any lifting device for use at BNL. Prior to submitting an order to purchase any 
lifting device, the device should be reviewed by BNL Quality Assurance to check its compliance with the applicable 
American National Standards Institute (ANSI) requirements. 

Changes in the Experimental Halls
The changing landscape of the x-ray experimental hall is most dramatically noticed as one proceeds past the control 

room towards the LEGS facility. Over the course of the year, various 
groups have worked together to “green field” the X3 beamline area, pre-
paring for relocation of the PRT from the Case Center for Synchrotron 
Biosciences from beamline X9.

During 2005, Stony Brook University beamline components and staff 
were moved from the existing X3 beamline to new quarters at X16. 
Green fielding of the X3 area began after X16 was commissioned and 
user operations were initiated. Major reconstruction of the X3 area will 
take place in 2006, in preparation for the Case PRTs' move. 

Fall Arrest Protection Equipment
NSLS compliance with OSHA regulations prompted various groups to 
assess their needs and enhance worker safety when performing tasks 
at elevated heights. In an effort to mitigate falls from heights, the NSLS 
safety group, coupled with the NSLS assigned carpenter, installed vari-
ous fall-protection devices throughout the facility. Areas such as the 
roofs of experimental end station enclosures (EESEs), the exterior build-
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ing AC cooling towers, and x-ray saw tooth areas above grade level were the areas of focused attention. Additional ar-
eas of concern will be evaluated as they are reviewed during the work-planning sessions, or during Tier 1 inspections. 

New AEDs Installed
Two additional automated external defibrillators (AEDs) have been installed in building 725. Along with the existing 
AEDs in the main lobby and in the control room area of building 729 (the DUV-FEL facility), there is an AED in the 
RF power supply area in the center of the x-ray ring, along with the AED adjacent to the north elevator on the second 
floor. Familiarity with these units and their exact locations could save a co-worker’s life. The life saved could be yours! 

HSSD System Installed to Protect the Power Supply Area Electrical Components
Due to funding secured via requests submitted to the general laboratory upgrade process, during the winter 2006 
shutdown highly sensitive smoke detectors (HSSDs) were installed in the NSLS power supply area, near the center 
roll-up doors. These detectors perform numerous air samplings over a short time interval, and can detect very min-
ute signs of possible electrical fires, 
thereby giving operations coordina-
tors a chance to investigate and shut 
down equipment prior to an event 
that would trigger less sensitive 
smoke-detection equipment. Testing 
of the system, in order to fine-tune 
the lowest possible thresholds prior 
to tripping the sensors that signal the 
control room, will be conducted as 
the winter shutdown ends, thereby 
establishing a real-time, true-test 
scenario.

ADA Compliant Doors Installed at 
Facility Entrances
Again, through funding supplied by 
General Plant Projects, Americans 
with Disabilities Act (ADA) compliant 
doors were installed at the main en-
trances to building 725. The ground-
level south and north lobby entrance 
doors have remote operational “push 
buttons” identified with the famil-
iar international wheelchair symbol, allowing hands-free passage through the vestibule area. The push-button door 
switches are keyed into the NSLS card-swipe system for access during evening, holiday, and weekend periods. An 
additional plus is the ability to have the doors remotely open when one’s hands are full.

NSLS Trailer Park Closes
Without much ado, the fabled NSLS trailer park, located east of Railroad Avenue on the north side of Brookhaven Av-
enue, is now a memory. Once host to many of the original NSLS user groups who utilized these trailers as both office 
and technical shop space, the trailers' useful lifetimes have come to an end. Many of the original groups still conduct-
ing research at the NSLS have since moved to more pleasant accommodations in building 535. The trailers have been 
severed from BNL utilities and are no longer considered as space occupied or serviced by the NSLS.  

RF Penthouse Repairs and Upgraded AC Installed
Once again, with the assistance of Plant Engineering Building & Maintenance trades, a major restoration project was 
accomplished transparently to most NSLS staff and the user community. During several Tier 1 inspections, and from 
information passed along to the building management team by RF supervisors and technical staff, deficiencies with 
the structural integrity of the RF penthouse were noted and corrected. During the summer months, when weather per-
mitted, the exterior siding and the sub-flooring of the RF penthouse was replaced without interrupting services to the 
research program. Original windows were saved for reinstallation, and the sub-floor replaced where water had seeped 
behind the exterior walls and allowed dry rot to occur. Plant Engineering carpenters worked under tarps to keep the 

Work Control Coordinators (standing from left, back row) Gary Nintzel, Ron Beauman, Mike Buckley, Steve 
Kramer, Wayne Rambo, Bob Kiss, Nick Gmur, Frank Zafonte, Emil Zitvogel, and Bob Chimel. (Standing from 
left, middle row) Bob Scheuerer, Payman Mortazavi, Toshiya Tanabe, John Gallagher, John Aloi, Dave Harder, 
Walter DeBoer, and Tony Kuczewski. (Sitting from left, front row) Randy Church, Al Boerner (Work Control 
Manager), and Andrew Ackerman (Experiment Review Coordinator). (Missing from photo) Gerry Van Derlaske 
(Work Control Manager), Mike Schwarz, Mike Fulkerson, Pete Zuhoski, Scott Buda, Gloria Ramirez, Wayne 
Rasmussen, Conrad Foerster, Anthony Lenhard, Jim Rose, and Peter Siddons.
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interior temperatures of the penthouse at a level appropriate to keep the power supplies fully functional. Once the 
sub-floors were replaced, wet insulation in the walls was replaced and new T-111 exterior siding installed over the fail-
ing Dri-vet exterior walls. Painting of the siding to match the remaining Dri-vet siding is planned during the spring of 
2006.  

NSLS utilities and operations support group staff, in conjunction with varied Plant Engineering groups, continue the 
process of installing additional cooling capacity within the RF penthouse. This additional supply of cooled, conditioned 
air will allow a level of redundancy that did not previously exist, which is necessary to prevent “fault conditions,” such 
as those that occur in times of heavy heat loading during peak summer months and during interruptions in service 
of the chilled-water supply. In the spring of 2006, final connections of the ductwork will take place and the additional 
cooling is expected to be fully operational.
 
Conclusion
 As in past years, we encourage the NSLS staff and user community to keep the building management team abreast 
of any concerns with the physical plant utilities, the condition of the facilities, and daily quality-of-life issues. We will 
work to correct these issues as quickly as possible. 
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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 provide intense light spanning the electromagnet 
spectrum from the infrared through x-rays. The properties of this light, and the specially designed experimental sta-
tions, called beamlines, allow scientists in many fields of research to perform experiments not otherwise possible at 
their own laboratories.

Over 2,200 scientists representing more than 400 institutions, more than 60 of them corporations, come to 
Brookhaven National Laboratory annually to conduct research at the NSLS. The facility operates seven days a week, 
24 hours a day throughout the year, except during periods of maintenance and studies.

As a national user facility, the NSLS does not charge for its beamtime, providing that the research results are pub-
lished in the open literature. Proprietary research is conducted on a full cost recovery basis.  The primary way to 
obtain beamtime at the NSLS is through the General User program. General Users are independent investigators 
interested in using the NSLS for their research. Access is gained through a peer-reviewed proposal system. 

The NSLS currently has 53 x-ray and 13 VUV-IR operational beamlines available to users for performing a wide range 
of experiments. There are two types of beamlines at the NSLS: Facility Beamlines (FBs) and Participating Research 
Team (PRT) beamlines.  In 2005, the NSLS had 19 FBs and 47 PRT beamlines. FBs are operated by the NSLS and 
reserve at least 50% of their beamtime for General Users.  Some FBs host contributing users (CUs), who enhance 
the endstation capabilities and provide specialized user support on FBs.  PRT beamlines are operated by user groups 
with related interests from one or more institutions. PRT beamlines reserve 25% of their beamtime for General Users. 
Membership in a PRT or CU program is open to all members of the scientific community who can contribute signifi-
cantly to the program of the beamline, (i.e., funding, contribution of equipment, scientific program, design and engi-
neering, operations manpower, etc).  

The following pages list the operational beamlines at the NSLS and their unique characteristics.
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Beamline Guide Abbreviations

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

GISAXS
GRAZING INCIDENCE SMALL ANGLE 
X-RAY SCATTERING

IRMS
INFRARED MICROSPECTROSCOPY

MAD
MULTI-WAVELENGTH ANOMOLOUS 
DISPERSION

MCD
MAGNETIC CIRCULAR DICHROISM

NEXAFS
NEAR EDGE X-RAY ABSORPTION 
SPECTROSCOPY

PEEM
PHOTO EMISSION ELECTRON MICROSCOPY

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

XAFS
X-RAY ABSORPTION SPECTROSCOPY, 
FINE STRUCTURE

XANES
X-RAY ABSORPTION SPECTROSCOPY, 
NEAR EDGE STRUCTURE

XAS
X-RAY ABSORPTION SPECTROSCOPY

XPS
X-RAY PHOTOELECTRON 
SPECTROSCOPY

XRD
X-RAY DIFFRACTION

XSW
X-RAY STANDING WAVES
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U2A Bend IRMS
High pressure research
IR spectroscopy

30-8000 cm-1 FB BNL-NSLS
Carnegie Institution of Washington
COMPRES

U3C Bend Metrology 50-1000 eV PRT Bechtel Nevada
Lawrence Livermore National Laboratory
Los Alamos National Laboratory
Sandia National Laboratory

U4B Bend X-ray scattering, resonant
MCD
UPS
X-ray fluorescence spectroscopy
XPS

20-1200 eV PRT Montana State University
Northeastern University

U7A Bend NEXAFS
XANES
XPS

180-1200 eV PRT BNL-Chemistry
Dow Chemical Company
NIST
University of Michigan

U10A Bend IRMS 100-4000 cm-1 FB BNL-NSLS

U10B Bend IRMS 500-4000 cm-1 FB BNL-NSLS

U11 Bend UV-CD 3-10 eV PRT BNL-Biology

Beamline Source Technique Energy Range Type Organization

U1A Bend XAS
XAFS
NEXAFS
XANES

270-900 eV PRT ExxonMobil Research and Engineering Co.

U2B Bend IRMS
IR spectroscopy

50-4000 cm-1 PRT Case Western Reserve University

U4A Bend UPS 10-250 eV PRT Army Research Laboratory
North Carolina State University
Rutgers University
University of North Carolina

U5UA Insertion 
Device

ARPES
UPS, spin-resolved
PEEM

15-150 eV FB BNL-NSLS
BNL-CFN

U9B Bend UV-CD
UV florescence spectroscopy

0.8 - 8.0 eV PRT BNL-Biology

VUV-IR Beamlines
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Beamline Source Technique Energy Range Type Organization

U12IR Bend IR spectroscopy
THz / mm wave spectroscopy
Time-resolved spectroscopy

6-600 cm-1 FB BNL-NSLS

X1A1 Insertion 
Device

STXM 0.25-0.50 keV PRT BNL-Environmental Science
ExxonMobil Research and Engineering Co.
SUNY @ Plattsburgh
Stony Brook University
University of Texas @ Houston

X1A2 Insertion 
Device

STXM 0.25-1 keV PRT Stony Brook University

X1B Insertion 
Device

X-ray scattering, coherent
XAS
X-ray fluorescence spectroscopy
XPS

0.2-1.6 keV PRT Boston University
TJNL
University of Illinois

X2B Bend X-ray microtomography 8-35 keV PRT ExxonMobil Research and Engineering Co.

X4A Bend MAD
Macromolecular crystallography

3.5-20 keV PRT Albert Einstein College of Medicine
City University of New York (CUNY)
Columbia University
Cornell University
Mount Sinai School of Medicine
New York Structural Biology Center
New York University
SUNY @ Buffalo
Sloan-Kettering Institute
Wadsworth Center

X-ray Beamlines

U1A Bend XAS
XAFS
NEXAFS
XANES

270-900 eV PRT ExxonMobil Research and Engineering Co.

U2A Bend IRMS
High pressure research
IR spectroscopy

30-8000 cm-1 FB BNL-NSLS
Carnegie Institution of Washington
COMPRES

U2B Bend IRMS
IR spectroscopy

50-4000 cm-1 PRT Case Western Reserve University

U3C Bend Metrology 50-1000 eV PRT Bechtel Nevada
Lawrence Livermore National Laboratory
Los Alamos National Laboratory
Sandia National Laboratory

U4A Bend UPS 10-250 eV PRT Army Research Laboratory
North Carolina State University
Rutgers University
University of North Carolina

U4B Bend X-ray scattering, resonant
MCD
UPS
X-ray fluorescence spectroscopy
XPS

20-1200 eV PRT Montana State University
Northeastern University

U5UA Insertion 
Device

ARPES
UPS, spin-resolved
PEEM

15-150 eV FB BNL-NSLS
BNL-CFN

U7A Bend NEXAFS
XANES
XPS

180-1200 eV PRT BNL-Chemistry
Dow Chemical Company
NIST
University of Michigan

U9B Bend UV-CD
UV florescence spectroscopy

0.8 - 8.0 eV PRT BNL-Biology

U10A Bend IRMS 100-4000 cm-1 FB BNL-NSLS

U11 Bend UV-CD 3-10 eV PRT BNL-Biology

U12A Bend XAS
XPS

100-800 eV PRT Oak Ridge National Laboratory

U12IR Bend IR spectroscopy
THz / mm wave spectroscopy
Time-resolved spectroscopy

6-600 cm-1 FB BNL-NSLS

U13UB Insertion 
Device

UPS
ARPES

3-30 eV PRT Boston College
Boston University
BNL-Physics
Columbia University

X1A2 Insertion 
Device

STXM 0.25-1 keV PRT Stony Brook University

X2B Bend X-ray microtomography 8-35 keV PRT ExxonMobil Research and Engineering Co.

U10B Bend IRMS 500-4000 cm-1 FB BNL-NSLS

U12A Bend XAS
XPS

100-800 eV PRT Oak Ridge National Laboratory

U13UB Insertion 
Device

UPS
ARPES

3-30 eV PRT Boston College
Boston University
BNL-Physics
Columbia University

X1A1 Insertion 
Device

STXM 0.25-0.50 keV PRT BNL-Environmental Science
ExxonMobil Research and Engineering Co.
SUNY @ Plattsburgh
Stony Brook University
University of Texas @ Houston

X1B Insertion 
Device

X-ray scattering, coherent
XAS
X-ray fluorescence spectroscopy
XPS

0.2-1.6 keV PRT Boston University
TJNL
University of Illinois

X4A Bend MAD
Macromolecular crystallography

3.5-20 keV PRT Albert Einstein College of Medicine
City University of New York (CUNY)
Columbia University
Cornell University
Mount Sinai School of Medicine
New York Structural Biology Center
New York University
SUNY @ Buffalo
Sloan-Kettering Institute
Wadsworth Center
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Beamline Source Technique Energy Range Type Organization

X5A Bend Laser backscattering 150-420 MeV PRT BNL-Physics
Forschungszentrum Juelich (KFA)
James Madison University
Norfolk State University
Ohio University
University of Rome II
University of South Carolina
University of Virginia
Virginia Polytechnic Institute

X6B Bend XRD, surface
WAXD
X-ray reflectivity
SAXS
GISAXS

7-19 keV FB BNL-NSLS

X8A Bend Metrology 1.0-5.9 keV PRT Bechtel Nevada
Lawrence Livermore National Laboratory
Los Alamos National Laboratory
Sandia National Laboratory

X9A Bend MAD
Macromolecular crystallography

5-15 keV PRT Albert Einstein College of Medicine
Case Western Reserve University
Rockefeller University
Sloan-Kettering Institute

X4C Bend MAD
Macromolecular crystallography

7-20 keV PRT Albert Einstein College of Medicine
City University of New York (CUNY)
Columbia University
Cornell University
Mount Sinai School of Medicine
New York Structural Biology Center
New York University
Rockefeller University
SUNY @ Buffalo
Sloan-Kettering Institute
Wadsworth Center

X6A Bend MAD
Macromolecular crystallography

6.0-23 keV FB BNL-NSLS
National Institutes of Health

X7B Bend XRD, single crystal
XRD, time resolved
WAXD
WAXS

5-21 keV PRT BNL-Chemistry
General Electric

X8C Bend MAD
Macromolecular crystallography

5-19 keV PRT Biogen Incorporated
BNL-Biology
Hoffmann-La Roche
National Research Council of Canada
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Beamline Source Technique Energy Range Type Organization

X10A Bend XRD, powder
XRD, time resolved
WAXD
X-ray reflectivity
SAXS
WAXS

6-15.2 keV PRT ExxonMobil Research and Engineering Co.

X10C Bend XAS
EXAFS
XAFS
NEXAFS
XANES

4-24 keV PRT ExxonMobil Research and Engineering Co.

X11B Bend DAFS
XAS
EXAFS
XAFS
NEXAFS
XANES

5.0-23 keV PRT BNL-Environmental Science
BNL-Material Sciences
Canadian Light Source
ETH Labs - Zuerich
Naval Research Laboratory (NRL)
Naval Surface Warfare Center
New Jersey Institute of Technology
Sarah Lawrence College
Stony Brook University

X9B Bend XAS
EXAFS
XAFS
NEXAFS
XANES

5-15 keV PRT Case Western Reserve University

X10B Bend XRD, powder
XRD, surface
WAXD
X-ray reflectivity
X-ray scattering, surface
WAXS

14 keV PRT ExxonMobil Research and Engineering Co.

X11A Bend DAFS
XAS
EXAFS
XAFS
NEXAFS
XANES

4.5-35 keV PRT BNL-Environmental Science
BNL-Material Sciences
Canadian Light Source
ETH Labs - Zuerich
Naval Research Laboratory (NRL)
Naval Surface Warfare Center
New Jersey Institute of Technology
Sarah Lawrence College
Stony Brook University

X12B Bend MAD
Macromolecular crystallography

5-20 keV PRT BNL-Biology
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Beamline Source Technique Energy Range Type Organization

X13A Insertion 
Device

X-ray scattering, resonant
MCD

0.2-1.6 keV FB BNL-NSLS

X14A Bend MAD
XRD, powder
XRD, single crystal
XRD, time resolved
WAXD
X-ray reflectivity

5-26 keV PRT Oak Ridge National Laboratory
Tennessee Technological University
University of Tennessee

X15B Bend XAS
EXAFS
XAFS
NEXAFS
XANES

0.8-15 keV PRT BNL-Environmental Sciences
Lucent Technologies, Inc.
Stony Brook University
Temple University
University of Texas @ Austin

X17B1 Insertion 
Device

XRD, powder 55-80 keV mono 
20-150 keV white

FB BNL-NSLS
Rutgers University

X17B3 Insertion 
Device

XRD, powder
XRD, single crystal
High pressure research

5-80 keV FB BNL-NSLS
COMPRES
University of Chicago

X12C Bend MAD
Macromolecular crystallography

5.5-20.0 keV PRT BNL-Biology

X13B Insertion 
Device

Microdiffraction Imaging 4-16 KeV FB BNL-NSLS

X15A Bend XSW
DEI

3-25 keV XSW
10-60 keV DEI

FB BNL-NSLS
Northwestern University

X16C Bend XRD, powder 6-30 keV PRT Stony Brook University

X17B2 Insertion 
Device

XRD, powder
XRD, time resolved
High pressure research

20-130 keV FB BNL-NSLS
COMPRES
Stony Brook University

X17C Insertion 
Device

XRD, powder
XRD, single crystal
High pressure research

5-80 keV FB BNL-NSLS
University of Chicago
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Beamline Source Technique Energy Range Type Organization

X18B Bend XAS
EXAFS
XAFS
NEXAFS
XANES

4.8-40 keV FB BNL-NSLS
BNL-Chemistry
BNL-Electrochemistry
ORNL
UOP LLC
University of Delaware
Yeshiva University

X19C Bend XRD, surface
X-ray topography
X-ray reflectivity
X-ray scattering, liquid
X-ray scattering, surface

6-17 keV PRT Arizona State University
Fairfield Crystal Technology, LLC
Kansas State University
Kyushu University
SUNY @ Albany
Stony Brook University
University of Illinois @ Chicago

X20C Bend XRD, single crystal
XRD, surface
XRD, time resolved
X-ray reflectivity
X-ray scattering, surface

4-11 keV PRT IBM Research Division

X18A Bend XRD, powder
XRD, single crystal
XRD, surface
WAXD
X-ray reflectivity
X-ray scattering, surface
WAXS

4-19 keV PRT BNL-Chemistry
Indiana University @ Indianapolis
Pennsylvania State University
Purdue University
Stony Brook University
University of Missouri @ Columbia

X19A Bend X-ray scattering, resonant
XAS
EXAFS
XAFS
NEXAFS
XANES

2.1-17 keV FB BNL-NSLS
University of Delaware
Yeshiva University

X20A Bend XRD, single crystal
Microdiffraction Imaging
X-ray reflectivity
X-ray scattering, surface

4.5-13 keV PRT IBM Research Division

X21 Insertion 
Device

XRD, single crystal
X-ray scattering, magnetic
X-ray scattering, resonant
SAXS

5-20 keV FB BNL-NSLS
Boston University
University of Vermont
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Beamline Source Technique Energy Range Type Organization

X22B Bend X-ray scattering, liquid
X-ray scattering, surface

6.5-10 keV PRT Bar-Ilan University
BNL-X-Ray Scattering Group
BNL-CFN
Harvard University

X23A2 Bend XRD, powder
DAFS
XAS
EXAFS
XAFS
NEXAFS
XANES

4.7-30 keV PRT NIST

X24A Bend XSW
Auger spectroscopy
EXAFS
X-ray fluorescence spectroscopy
XPS

1.8-5 keV PRT NIST

X25 Insertion 
Device

MAD
Macromolecular crystallography

3-28 keV FB BNL-NSLS
BNL-Biology

X22A Bend XRD, single crystal
XRD, surface
WAXD
X-ray reflectivity
X-ray scattering, surface
WAXS

10.7 keV
32keV

PRT BNL-X-Ray Scattering Group
BNL-Chemistry

X22C Bend XRD, single crystal
XRD, surface
X-ray reflectivity
X-ray scattering, magnetic
X-ray scattering, surface

3-12 keV PRT BNL-X-Ray Scattering Group
Massachusetts Institute of Technology
Rutgers University

X23B Bend XRD, powder
XAS
EXAFS
XAFS
NEXAFS
XANES

4-10.5 keV PRT Hunter College
Montana State University
Naval Research Laboratory (NRL)
New Jersey Institute of Technology
Sarah Lawrence College

X24C Bend X-ray reflectivity
UV photoabsorption spectroscopy
UPS
XAS

0.006-1.8 keV PRT Naval Research Laboratory (NRL)
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Beamline Source Technique Energy Range Type Organization

X26C Bend MAD
Macromolecular crystallography

5-20 keV PRT BNL-Biology
Cold Spring Harbor Laboratory
Stony Brook University

X27C Bend XRD, time resolved
WAXD
SAXS
WAXS

9 keV PRT Air Force Research Laboratory
National Institutes of Health
Naval Surface Warfare Center
Stony Brook University

X29A Insertion 
Device

MAD
Macromolecular crystallography

6-15keV PRT Case Western Reserve University
BNL-Biology

X26A Bend Microdiffraction Imaging
X-ray microprobe

3-30 keV PRT BNL-Environmental Science
University of Chicago
University of Georgia

X27A Bend X-ray microprobe 4.5-20 keV FB BNL-NSLS
BNL-Environmental Science
Stony Brook University

X28C Bend X-ray footprinting White Beam PRT Case Western Reserve University
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NSLS Linac Parameters as of December 2005

                                                   Electron Gun Injection Energy          100 keV

                                                                       Linac Final Energy          120 MeV

                                                Number of Accelerating Sections          3

                                                                    Number of Klystrons          3

                                                                          Linac Frequency          2856 MHz

                                         Horizontal Emittance into Booster (εx)          7.6 x 10-1 m-rad

                                                                           
NSLS BOOSTER PARAMETERS

                                                   Booster Injection Energy          120 MeV

                                                           Booster Extraction Energy           750 MeV

                                                                             Circumference           28.35 m

                                                      Number of Superperiods (Ns)           4

                                                               Dipole Bend Radius (ρ)           1.91 m

                                                                  Nominal Tunes (ν
x
,ν

y
)           2.42, 1.37

                                                            Betatron Function (βx,βy)           8.63 to 1.01, 5.26 to 1.73 m

                                                         Dispersion Function (η
x
,η′

x
)           1.21 to 0.41 m

                                                         Momentum Compaction (α)           0.106

                                                                        RF Frequency (frf)           52.88 MHz

                                                                   RF Peak Voltage (Vrf)           25 keV

                                                                 Horizontal Acceptance           1.66 x 10-4 m-rad

                                                                     Vertical Acceptance           6.11 x 10-5 m-rad

                                                               Momentum Acceptance           ±0.0025

                                        Horizontal Emittance at Extraction (εx)           7.6 x 10-7 to 1.0 x 10-7 m-rad

                                            Energy Spread at Extraction (σE/E)           1.4 x 10-4

                                                         Bunch Length at Extraction           110 mm 

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 2005

                                        Stored Electron Beam Energy           0.808 GeV
                                                                   Injected Current          1.0 amp
                         Lifetime @ 200 mA unstretched (stretched)           ~6 (9.8) hr
                                                                      Circumference          51.0 meters

PHOTON CRITICAL WAVELENGTH (ENERGY)

                                             Dipole Source 1.41 T λc(Ec)           19.9 Å (622 eV)

LATTICE STRUCTURE (CHASMAN-GREEN) SEPARATED FUNCTION, QUAD DOUBLETS

                                           Number of Superperiods (Ns)           4
                                                                                                             8   Bending Magnets  (1.5 meters long each)
                                                            Magnet Complement               24  Quadrupole    (0.3 meters long each)
                                                                                                               12    Sextupole in two families   (0.20 meters long each) 
                                                                                                                   
STORAGE RING CHARACTERISTICS

                                                   Number of Dipole Ports           18
                     Number of Insertion Device Straight Sections           2
                                 Maximum Length of Insertion Devices           2.25 meters
                                                             Dipole Bend Radius           1.91 meters
                            Radiated Bending Magnet Power (I= 1A)           20.4 kW
                              Power per Horizontal Milliradian (I= 1A)           3.2 W
                                                                 RF Frequency (frf)           52.887 MHz
                                                         Electron Orbital Period           170.2 nanoseconds
                                                         Number of RF Buckets           9
                                    Typical Bunch Mode (filled buckets)           7
                                                                    Damping Times           τx=τy= 13 msec; τε = 7 msec
                                                           Nominal Tunes (νx,νy)           3.14, 1.26
                                                       Momentum Compaction           0.0235
             RF Peak Voltage with 52 MHz (with 211 MHz) (Vrf)           80 keV (20 keV)
                   Design RF Power with 52 MHz (with 211 MHz)          50 kW (6 KW)
                                                          Synchrotron Tune (νs)           0.0018
                          Natural Energy Spread [Ib< 20 mA] (σE/E)           5.0 x 10-4 
    Natural Bunch Length[Ib< 20 mA]52 MHZ(211 MHZ)(2σ)           9.7 mm (360 mm)
                                       Horizontal Damped Emittance (εx)           1.6 x 10-7 m-rad
                                            Vertical Damped Emittance (εy)           3.5 x 10-10 m-rad (4 x 10-9 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.)*
       Source Divergence (σ′x, σ′y)           112 μrad, >7.7 μrad (22 μrad 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 2005

                                            Stored Electron Beam Energy           2.800 GeV
                                                                   Injected Current           0.3 A
                                                                                Lifetime          ~20 hours
                                                                      Circumference          170.1 meters

PHOTON CRITICAL WAVELENGTH (ENERGY)
                                             Dipole Source 1.36 T λc(Ec)           1.75 Å (7.1 keV)
                                                  Wiggler Source 5.0 T λc(Ec)           0.48 Å (26.1 keV)

LATTICE STRUCTURE (CHASMAN-GREEN SEPARATED FUNCTION, QUAD DOUBLETS

                                     Number of Superperiods (Ns)           8
                                                                                                            16 Bending  (2.7 meters long each)
                                                            Magnet Complement               40 Quadrupole A,C and D type  (0.45 meters each)
                                                                                                            16 Quadrupole B type  (0.8 meters long each)
                                                                                                            32 Sextupole in two families  (0.20 meters long each)
STORAGE RING CHARACTERISTICS 
                                                   Number of Dipole Ports           30
                     Number of Insertion Device Straight Sections           6
                                 Maximum Length of Insertion Devices           4.50 meters
                                                             Dipole Bend Radius           6.875 meters
                       Radiated Bending Magnet Power (1=0.25A)           198 kW
                         Power per Horizontal Milliradian (1=0.25A)           32 W
                                                                 RF Frequency (frf)           52.88 MHz
                                                         Electron Orbital Period           567.2 nanoseconds
                                                         Number of RF Buckets           30
                                    Typical Bunch Mode (filled buckets)           25
                                                                    Damping Times          τx=τy= 4 msec; τε = 2 msec
                                                                 Nominal Tunes (νx,νy)           9.8, 5.7
                                                       Momentum Compaction           4.1 x 10-3

                                                           RF Peak Voltage (Vrf)           1120 keV
                                                                 Design RF Power          450 kW 
                                                          Synchrotron Tune (νs)           0.0023
                                             Natural Energy Spread (σE/E)           9.2 x 10-4 
                                                   Natural Bunch Length (2σ)           87 mm 
                                       Horizontal Damped Emittance (εx)           7.5 x 10-8 m-rad
                                            Vertical Damped Emittance (εy)           1.5 x 10-10 m-rad  

{

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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CALENDAR YEAR 2005

Note: Delivered hours are only those ac-
cumulated during scheduled operations. 
Unscheduled operations do not contribute 
to this total.

   

January 468 98.3%  125.2% 334 93.7%  126.1%

February 551 98.4%  117.4% 557 98.8%  104.7%

March 623 99.9%  108.6% 516 91.7%  111.4%

April 592 99.0%  111.6% 534 95.7%  112.2%

May 216 99.7%  144.6% 175 96.8%  110.1%

June 623 99.6%  110.1% 578 95.3%  107.5%

July 463 98.2%  108.5% 429 96.8%  109.5%

August 571 94.6%  103.0% 521 98.7%  128.4%

September 591 99.5%  109.2% 545 98.8%  119.2%

October 591 97.2%  108.7% 552 96.8%  114.3%

November 488 99.6%  111.5% 365 98.5%  110.8%

December   0      -         -   0       -       -

  5777                                                     5106
Calendar 2005
Delivered              5690          98.5%          112.4%          4929         96.5%             113.9%

PLANNED 
HOURSMONTH

PLANNED 
HOURS

VUV ACTUAL CY 05

RELIABILITY1 AVAILABILITY2

X-RAY ACTUAL CY 05

RELIABILITY1 AVAILABILITY2

Calendar Year 2005 NSLS Machine Activities

1 Operations during scheduled time
2 Operations compared to total scheduled          
  time

Other Activities UV/IR  X-ray

Studies 2.3%  4.2%

Comm/Cond. 2.8%  4.1%

Holiday 1.9%  1.9%

Injection 0.9%  1.7%

Unscheduled Downtime 1.0%  2.0%

Interlock 0.0%  0.7%
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The following pages list all papers published in the 2005 calendar year as reported to the NSLS by February 28, 2006. Citations 
are listed in order of beamline number and then alphabetically by the last name of the first author. This list contains reported cita-
tions for journal articles, published conference proceedings, books, chapters in books, formal reports, informal reports, technical 
reports, theses, dissertations, and patents. For citation submissions where research was performed on more than one beamline, 
the citation is listed under each beamline. However, each citation was only counted once.

The first column in the table (right) lists the 
number of publications reported to the NSLS 
during the 2005 fiscal year (Oct. 1, 2004 – Sept. 
30, 2005) and published between 2002 and 
2005. Although some of these publications were 
published earlier than FY 2005, they were not 
reported to the NSLS until this fiscal year. Thus, 
they have not been counted in prior years’ activ-
ity reports.

The second column in the table lists the number 
of publications published in the 2005 calendar 
year and reported to the NSLS as of Feb. 28, 
2006.  These numbers are slightly lower than 
the fiscal year values because they contain only 
publications from 2005 and it often takes many 
months or years to account for user and staff 
publications.

Several types of journal articles are reported 
in this list, including premier journals, peer-re-
viewed journals, and a few that are not peer-
reviewed. A publication is considered premier if 
the journal has an impact factor of 6 or greater 
(from Journal Citation Report 2003, Thomson 
Institute for Scientific Information). These jour-
nals represent approximately the top 3% of all 
journals.

For calendar years 2002-2005, the NSLS users and staff published in 40 premier journals. These premier journals are: Accounts of 
Chemical Research, Advanced Materials, Angewandte Chemie, Annual Review of Biophysics and Biomolecular Structure, Annual 
Review of Genomics and Human Genetics, Applied Physics Letters, Cancer Cell, Cell, Chemical Reviews, Chemistry and Biol-
ogy, Current Biology, Current Opinion in Chemical Biology, Current Opinion in Structural Biology, EMBO Journal, Faseb Journal, 
Genes and Development, Genome Research, Human Molecular Genetics, Immunity, Journal of Biological Chemistry, Journal of 
Experimental Medicine, Journal of Immunology, Journal of Neuroscience, Journal of the American Chemical Society, Molecular and 
Cellular Biology, Molecular and Cellular Proteomics, Molecular Cell, Nano Letters, Nature, Nature Immunology, Nature Materials, 
Nature Structural & Molecular Biology, Neuron, Nucleic Acids Research, Physical Review Letters, PNAS, Reports on Progress in 
Physics, Science, Structure, Trends in Biochemical Sciences, and Trends in Neurosciences.  Two additional journals are included 
in the premier list, Applied Physics Letters (impact factor 4.0) and Environmental Sciences and Technology (impact factor 3.6), 
because these journals represent the “best in class” for the NSLS industrial and environmental science users, even though their 
impact factors are less than 6. 

In FY 2005, NSLS users and staff had 849 publications – a record for high for the facility.  Moreover, 239 papers were published in 
premier journals, representing 28% of the total publications from the facility, and demonstrating the high impact of NSLS science.

Reported in 
Fiscal Year 

2005*

Published in 
Calendar Year 

2005**

Journals, peer-reviewed, premier 239 189
Journals, other peer-reviewed 503 438
Journals, non peer-reviewed 23 23

Total Journals and Magazines 765 650

Books/Chapters in Books 7 5
Published Conference Proceedings 49 43
Reports: Technical, Formal, Informal 3 3
Theses/Dissertations 24 17
Patents 1 4
Total Misc. Publications 84 72

Total Publications 849 722

NSLS VUV User Publications 68 77
NSLS X-Ray User Publications 718 586

NSLS Staff Publications 63 59
849 722

* Publications reported to the NSLS from Oct 1, 2004 – Sept. 30, 2005 and published 
between 2002 – 2005.
** Publications published in 2005 as reported to the NSLS by Feb. 28, 2006.

Publications
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NSLS Users

Beamline U1A

S Bocharov, Z Zhang, T Beebe, Jr., A Teplyakov. Structure of a 
Thin Barrier Film Deposited from Tetrakis-(dimethylamino)-
Titanium onto a Si(100)-2x1 Substrate. Thin Solid Films. 471 
(1-2), 159-165 (2005). 

G Hahner, M Zwahlen, W Caseri. Solvent Dependence of 
the Molecular Order in Ion-Exchanged Self-Assembled 
dialkylammonium Monolayers on Mica Studied with Soft X-ray 
Absorption. J. Colloid Interface Sci.. 291 (1), 45-52 (2005). 

G Hahner, M Zwahlen, W Caseri. Chain-Length Dependence of 
the Conformational Order in Self-Assembled Dialkylammonium 
Monolayers on Mica Studied with Soft X-ray Absorption. 
Langmuir. 21, 1424-1427 (2005). 

J Horn, Z Song, D Potapenko, J Hrbek, M White. Characterization 
of Molydbenum Carbide Nanoparticles Formed on Au(111) 
Using Reactive-Layer Assisted Deposition. J. Phys. Chem. B. 
109, 44-47 (2005). 

H Hwu, M Zellner, J Chen. The Chemical and Electronic Properties 
of Oxygen-Modifed C/Mo(110): A Model System for Molybdenum 
Oxycarbides. J. Catal.. 229, 30-44 (2005). 

G Liu, S Natarajan, S Kim. Photochemical Production of 
Oligothiophene and Polythiophene Micropatterns from 2,5-
diiodothiophene on Au in UHV. Surf. Sci.. 592 (1-3), L305-L309 
(2005). 

K Rao, D Kumaran, T Binz, S Swaminathan. Structural Analysis 
of the Catalytic Domain of Tetanus Neurotoxin. Toxicon. 45 (7), 
929-939 (2005). 

M Sahiner, D Downey, S Novak, J Woicik, D Arena. The Local 
Structural Characterization of the Inactive Clusters in B, Bf2 and 
B23 Implanted Si Wafers uing X-ray Techniques. Microelectr. J.. 
36, 522-526 (2005). 

Beamline U2A

R Hemley, H Mao, V Struzhkin. Synchrotron Radiation and High 
Pressure: New Light on Materials Under Extreme Conditions`. 
J. Synch. Rad.. 12, 135-154 (2005). 

M Koch-Mu¨ ller, P Dera, Y Fei, H Hellwig, Z Liu, J Van Orman, R 
Wirth. Polymorphic Phase Transition in Superhydrous Phase B. 
Phys. Chem. Miner.. 32 (5-6), 349-361 (2005). 

G Lager, W Marshall, Z Liu, R Downs. Re-Examination of the 
Hydrogarnet Structure at High Pressure using Neutron Powder 
Diffraction and Infrared Spectroscopy. Am. Mineral.. 90, 639 
(2005). 

H Liu, J Tse, J Hu, Z Liu, L Wang, J Chen, D Weidner, Y Meng, 
D Hausermann, H Mao. Structural Refinement of the High-
Pressure Phase of Aluminum Trihydroxide: In-Situ High-
Pressure Angle Dispersive Synchrotron X-ray Diffraction and 
Theoretical Studies. J. Phys. Chem. B. 109, 8857 (2005). 

J Lu, G Rozgonyi, A Schonecker, A Gutjahr, Z Liu. Impact of 
Oxygen on Carbon Precipitation in Polycrystalline Ribbon 
Silicon. J. Appl. Phys.. 97, 033509 (2005). 

Y Song, Z Liu, R Hemley, H Mao, D Herschbach. High-Pressure 
Vibrational Spectroscopy of Sulfur Dioxide. J. Chem. Phys.. 
122, 174511 (2005). 

Y Song, R Hemley, H Mao, D Herschbach. Nitrogen-Containing 
Molecular Systems at High Pressures and Temperatures. 
Chemistry under Extreme Conditions, p. 189-222, Elsevier 
Science, St. Louis. (2005). 

Beamline U2B

K Dokken, L Davis, N Marinkovic. Synchrotron Radiation Fourier 
Infrared Microspectroscopy (SR-IMS) as a Tool to study the Fate 
and Transport of Organic contaminants in Plants. Spectroscopy. 
20 (9), 14-20 (2005). 

K Dokken, L Davis, N Marinkovic. Use of Fourier Transform 
Infrared Microspectroscopy in Plant Growth and Development. 
Appl. Spectrosc. Rev.. 40, 1-26 (2005). 

K Dokken, L Davis, L Erickson, S Castro-Diaz, N Marinkovic. 
Synchrotron Fourier Transform Infrared Microspectroscopy: A 
New Tool to Monitor the Fate of Organic Contaminants in Plants. 
Microchem. J.. 81 (1), 86-91 (2005). 

V Joshi, D Ramamurty, R Powell, F Furuya, J Hainfeld. High Z 
Metal Carbonyls for Imaging and Microspectroscopy. Microsc. 
Microanal.. 11 (S2), 974 (2005). 

J Joshi, D Ramamurthy, R Powell, F Furuya, J 
Hainfeld. High Z Metal Carbonyls for Imgaing and 
Microscopy. Microsc. Microanal.. 10, 912 (2005). 
N Marinkovic, M Chance, K Dokken, L Davis, D Linkous, J Flinn. 
Synchrotron Infrared Spectroscopy at NSLS Beamline U2B. Am. 
Biotechnol. Lab.. 23, 12 (2005). 

N Marinkovic, S Gupta, C Zhan, M Chance. Synchrotron Radiation 
in Biosciences. Nucl. Instrum. Meth. B. 241 (1-4), 242-246 
(2005). 

L Pietrzak, S Miller. Microchemical Structure of Soybean Seeds 
Revealed in Situ by Ultraspatially Resolved Synchrotron Fourier 
Transformed Infrared Microspectroscopy. J. Agr. Food Chem.. 
53 (24), 9304-9311 (2005). 

M Shao, J Warren, N Marinkovic, P Faguy, R Adzic. In-Situ ATR-
SEIRAS Study of Electrooxidation of Dimethyl Ether on a Pt 
Electrode in Acid Solutions. Electrochem. Commun.. 7, 459 
(2005). 

D Wetzel, G Post, R Lodder. Synchrotron Infrared 
Microspectroscopic Analysis of Collagens I, III, and Elastin 
on the Shoulders of Human Thin-Cap Fibroatheromas. Vib. 
Spectrosc.. 38 (1-2), 53-59 (2005). 

P Yu. Molecular Chemistry Imaging to Reveal Structural Features 
of Various Plant Feed Tissues. J. Struct. Biol.. 150 (1), 81-89 
(2005). 

P Yu. Application of Cluster Analysis (CLA) in Feed Chemical 
Imaging to Accurately Reveal Structural-Chemical Features of 
Feeds within Cellular Dimension. J. Agr. Food Chem.. 53 (8), 
2872-2880 (2005). 

P Yu. Applications of Cluster Analysis (CLA) and Principal 
Component Analysis (PCA) in Feed Structure and Feed 
Molecular Chemistry Research, Using Synchrotron-Based FTIR 
Microspectroscopy.. J. Agr. Food Chem.. 53, 7115-7127 (2005). 

P Yu, C Christensen, J McKinnon, D Christensen. Ultrastructural-
Chemical Makeup of Yellow- (Brassica Rapa) and Brown-
Seeded (Brassica Napus) Canola within Cellular Dimensions, 
Explored with Synchrotron Reflection FTIR Microspectroscopy. 
Can. J. Plant. Sci.. 85, 85: 533-541 (2005). 

Beamline U4A

A Chan, G Wertheim, H Wang, M Ulrich, J Rowe, T Madey. 
Surface Atom Core-Level Shifts of Clean and Oxygen-Covered 
Re(1231). Phys. Rev. B. 72, 035442 (2005). 

L Webb, E Nemanick, J Biteen, D Knapp, D Michalak, M Traub, 
A chan, B Brunschwig, N Lewis. High-Resolution X-ray 
Photelectron Spectroscopic Studies of Alkylated Silicon(111) 
Surfaces. J. Phys. Chem. B. 109, 3930-3937 (2005). 
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Cation-Disorder-Enhanced Magnetization in Pulsed-Laser-
Deposited CuFe2O4 Films. Appl. Phys. Lett.. 86, 252510 
(2005).
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(2005). 
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Ellipsometry. Phys. Rev. B. 72, 214437 (2005).
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Misewich, S Wong. Near-Edge X-ray Absorption Fine Structure 
Investigations of Order in Carbon Nanotube-Based Systems. J. 
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Structure and Chemistry from Near-Edge X-ray Absorption Fine 
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D DeLongchamp, B Vogel, Y Jung, M Gurau, C Richter, O 
Kirillov, J Obrzut, D Fischer, S Sambasivan, et al.. Variations in 
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Low-Temperature CO Oxidation on a Stepped Platinum Surface 
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Seattle. (2005). 

J Sayan, N Nguyen, J Ehrstein, D Yoder, I Levin, D Fischer, M 
Paunescu, O Celik, E Garfunkel. Effect of Nitrogen on Band 
Alignment in HfSiON Gate Dielectrics. Appl. Phys. Lett.. 87, 
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Beamline U9B

S Badre, C Goncalves, K Norinaga, G Gustavson, O Mullins. 
Molecular Size and Weight of Asphaltene and Asphaltene 
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of T1R2 and T1R3 Taste Receptor Subunits to the Detection of 
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Homes, L Mihaly. Pressure-induced Suppression of the Spin-
Gapped Insulator Phase in BaVS{3}: An Infrared Optical Study. 
Phys. Rev. B. 71, 193103 (2005). 

J Kim, S Oh, Y Lee, E Choi, C Homes, J Rhyee, B Cho. Optical 
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Microanal.. 11 (S2), 974 (2005). 

J Lehmann, B Liang, D Solomon, M Lerotic, F Luizao, J Kinyangi, 
T Schäfer, S Wirick, C Jacobsen. Near-Edge X-ray Absorption 
Fine Structure (NEXAFS) Spectroscopy for Mapping Nano-
Scale Distribution of Organic Carbon Forms in Soil: Application 
to Black Carbon Particles. Global Biogeochem. Cy.. 19, GB1013 
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Detector for Specific Infrared Microspectroscopy and Imaging 
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L Pietrzak, S Miller. Microchemical Structure of Soybean Seeds 
Revealed in Situ by Ultraspatially Resolved Synchrotron Fourier 
Transformed Infrared Microspectroscopy. J. Agr. Food Chem.. 
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K-Edge NEXAFS and FTIR-ATR Spectroscopic Investigations 
of Organic Carbon Speciation in Soils. Soil Sci. Soc. Am. J.. 69, 
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T Telivala, L Miller. Effect of Metal Ions on the Secondary Structure 
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SUNY at Stony Brook, Stony Brook. (2005). 

Q Wang, A Kretlow, M Beekes, D Naumann, L Miller. In Situ 
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P Yu, R Wang, Y Bai. Reveal Protein Molecular Structural-
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Beamline U12A
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R Lobo, J LaVeigne, D Reitze, D Tanner, Z Barber, E Jacques, 
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Electrodynamics of Superconducting Metals and Alloys. Phys. 
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Dependence of the Fermi Liquid State in Sr{2}RuO{4}. Phys. 
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T Valla. Electronic Interactions in Strongly Correlated Systems: 
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Proceedings of the SPIE, Strongly Correlated Electron 
Materials: Physics and Nanoengineering, Vol 5932, p. 5932-
03, sponsored by SPIE-The International Society for Optical 
Engineering. (2005). 

Beamline X1A1

A Bauer, T Rabung, F Claret, T Schäfer, G Buckau, T Fanghänel. 
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30 (1), 1-10 (2005). 

A Braun, N Shah, F Huggins, K Kelly, A Sarofim, C Jacobsen, 
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Under Various Engine Load Conditions. Carbon. 43 (12), 2588-
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F Claret, T Schäfer, T Rabung, M Wolf, A Bauer, G Buckau. 
Differences in Properties and Cm(III) Complexation Behavior of 
Isolated Humic and Fulvic Acid Derived from Opalinus Clay and 
Callovo-Oxfordian Argillite. Appl. Geochem.. 20 (6), 1158-1168 
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M Haming. Spectroscopy on Poly-L-Lysine and Spectromicroscopy 
Study on Biomineralized Proteins in Jaws of Glycera 
Dibranchiata. M.A. Thesis. SUNY at StonyBrook, StonyBrook. 
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Colloidal Particles in the Environment. Elements. 1 (4), 205-210 
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T Schäfer, S Wirick, C Jacobsen. Near-Edge X-ray Absorption 
Fine Structure (NEXAFS) Spectroscopy for Mapping Nano-
Scale Distribution of Organic Carbon Forms in Soil: Application 
to Black Carbon Particles. Global Biogeochem. Cy.. 19, GB1013 
(2005). 

M Lerotic, C Jacobsen, J Gillow, A Francis, S Wirick, S Vogt, 
J Maser. Cluster Analysis in Soft X-ray Spectromicroscopy: 
Finding the Patterns in Complex Specimens. J. Electron. 
Spectrosc. Relat. Phenom.. 144-147, 1137-1143 (2005). 

M Lerotic. Finding Patterns in Complex Specimens by Improving 
the Aquisition and Analysis of X-ray Spectromicroscopy Data. 
PH.D. Thesis. SUNY at StonyBrook, StonyBrook. (2005). 

D Mancosky, L Lucia, H Nanko, S Wirick, A Rudie, R Braun. Novel 
Visualization Studies of Lignocellulosic Oxidation Chemistry by 
Application of C-near Edge X-ray Absorption Fine Structure 
Spectroscopy. Cellulose. 12, 35-41 (2005). 

M Plaschke, J Rothe, M Altmaier, M Denecke, T Fanghaenel. 
Near Edge X-ray Absorption Fine Structure (NEXAFS) of model 
compounds for the humic acid / actinide ion interaction. J. 
Electron. Spectrosc. Relat. Phenom.. 148, 151-157 (2005). 

T Schäfer, G Buckau, R Artinger, J Kim, S Geyer, M Wolf, W Bleam, 
S Wirick, C Jacobsen. Origin and Mobility of Fulvic Acids in the 
Gorleben Aquifer: Implications from Isotopic Data and Carbon/
Sulfur XANES. Org. Geoch.. 36, 567-582 (2005). 

T Schäfer, F Claret, M Lerotic, G Buckau, T Rabung, A Bauer, C 
Jacobsen. Source Identification and Characterization of Humic 
and Fulvic Acids Isolated from Oxfordian Argillite and Opalinus 
Clay. Humic Substances: Molecular Details and Applications in 
Land and Water Conservation, p. 43-62, Tayloe and Francis, 
Inc., New York. (2005). 

M Schumacher. Microheterogeneity of Soil Organic Matter 
investigated by C-1s NEXAFS Spectroscopy and X-ray 
Microscopy. Ph.D. Thesis. Swiss Federal Institute of Technology 
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M Schumacher, I Christl, A Scheinost, C Jacobsen, R Kretzschmar. 
Chemical Heterogeneity of Organic Soil Colloids Investigated by 
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Scanning Transmission X-ray Microscopy and C-1s NEXAFS 
Microspectroscopy. Environ. Sci. Tech.. 39 (23), 9094-9100 
(2005). 
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K-Edge NEXAFS and FTIR-ATR Spectroscopic Investigations 
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T Schäfer, F Claret, M Lerotic, G Buckau, T Rabung, A Bauer, C 
Jacobsen. Source Identification and Characterization of Humic 
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Inc., New York. (2005). 
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Diffraction Microscopy. Proc Natl Acad Sci USA. 102 (43), 
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C Schubler-Langeheine, J Schlappa, A Tanaka, Z Hu, C Chang, E 
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R Poulsen, A Bentien, M Chevalier, B Iverson. Synthesis, Physical 
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Subsurface Environments. Environ. Sci. Tech.. 39 (20), 7833-
7839 (2005). 

B Jackson, P Williams, A Lanzirotti, P Bertsch. Evidence 
for Biogenic Pyromorphite Formation by the Nematode 
Caenorhabditis Elegans. Environ. Sci. Tech.. 39 (15), 5620-
5625 (2005). 

K Jones, H Feng, A Lanzirotti, D Mahajan. Mapping Metal 
Catalysts using Synchrotron Computed Microtomography 
(CMT) and Micro-X-ray Fluorescence (µXRF). Top. Catal.. 32 
(3-4), 263-272 (2005). 

K Jones, H Feng, A Lanzirotti, D Mahajan. Synchrotron X-
ray Microprobe and Computed Microtomography for 
Characterization of Nanocatalysts. Nucl. Instrum. Meth. B. 241, 
331-334 (2005). 

G Miller, M Wilson, P Majerus, J Hurley. Specificity Determinants 
in Inositol Polyphosphate Synthesis: Crystal Structure of Inositol 
1,3,4-Trisphosphate 5/6-Kinase . Mol. Cell. 18 (2), 201-212 
(2005). 

L Miller, M Ruppel, C Ott, R Smith, A Lanzirotti. Development and 
Applications of an Epifluorescence Module for Synchrotron -ray 
Fluorescence Imaging. Rev. Sci. Instrum.. 76, 066107 (2005). 

C Negra, D Ross, A Lanzirotti. Oxidizing Behavior of Soil 
Manganese: Interactions among Abundance, Oxidation State, 
and pH . Soil Sci. Soc. Am. J.. 69 (1), 87-95 (2005). 

C Negra, D Ross, A Lanzirotti. Soil Manganese Oxides and Trace 
Metals: Competitive Sorption and Microfocused Synchrotron 
X-ray Fluorescence Mapping. Soil Sci. Soc. Am. J.. 69 (2), 353-
361 (2005). 

T Punshon, B Jackson, A Lanzirotti, W Hopkins, P Bertsch, 
J Burger. Application of Synchrotron X-ray Microbeam 
Spectroscopy to the Determination of Metal Distribution and 
Speciation in Biological Tissues. Spectrosc. Lett.. 38, 343-363 
(2005). 

T Punshon, A Lanzirotti, S Harper, P Bertsch, J Burger. Distribution 
and Speciation of Metals in Annual Rings of Black Willow. J. 
Environ. Qual.. 34 (4), 1165-1173 (2005). 

M Ruppel. Development and Applications of an Epifluorescence 
Module for Synchrotron X-ray Fluorescence Imaging. Masters 
Thesis. Stony Brook University, Stony Brook. (2005). 

T Schuler, D Ederer, S Itza-Ortiz, G Woods, T Callcott, J Woicik. 
Character of the Insulating State in NiO: a Mixture of Charge-
Transfer and Mott-Hubbard Character. Phys. Rev. B. 71, 115113 
(2005). 

B Staker, M Feese, M Cushman, Y Pommier, D Zembower, L 
Stewart, A Burgin. Structures of Three Classes of Anticancer 
Agents Bound to the Human Topoisomerase I-DNA Covalent 
Complex. J. Med. Chem.. 48 (7), 2336-2345 (2005). 

T Telivala, L Miller. Effect of Metal Ions on the Secondary Structure 

of Amyloid beta (Ab) in Alzheimer’s disease. Masters Thesis. 
SUNY at Stony Brook, Stony Brook. (2005). 

I Thompson, D Huber, C Guest, D Schulze. Fungal Manganese 
Oxidation in a Reduced Soil. Environ. Microbiol.. 7 (9), 1480-
1487 (2005). 

T Tokunaga, J Wan, J Pena, E Brodie, M Firestone, T Hazen, 
S Sutton, A Lanzirotti, M Newville. Uranium Reduction in 
Sediments under Diffusion-Limited Transport of Organic Carbon. 
Environ. Sci. Tech.. 39 (18), 7077-7083 (2005). 

D Vantelon, A Lanzirotti, A Scheinost, R Kretzschmar. Spatial 
Distribution and Speciation of Lead around Corroding Bullets 
in a Shooting Range Soil Studied by Micro-X-ray Fluorescence 
and Absorption Spectroscopy. Environ. Sci. Tech.. 39 (13), 
4808-4815 (2005). 

S Walker, H Jamieson, A Lanzirotti, C Andrade, G Hall. The 
Speciation of Arsenic in Iron Oxides in Mine Wastes from the 
Giant Gold Mine, N.W.T.: Application of Synchrotron Micro-XRD 
and Micro-XANES at the Grain Scale. Can. Mineral. 43 (4), 
1205-1224 (2005). 

Q Wang, A Kretlow, M Beekes, D Naumann, L Miller. In Situ 
Characterization of Prion Protein Structure and Metal 
Accumulation in Scrapie-Infected Cells by Synchrotron Infrared 
and X-ray Imaging. Vib. Spectrosc.. 38, 61-69 (2005). 

Beamline X26C

J Amor, J Swails, X Zhu, C Roy, H Nagai, A Ingmundson, X 
Cheng, R Kahn. The Structure of RalF, an ADP-Ribosylation 
Factor Guanine Nucleotide Exchange Factor from Legionella 
pneumophila, Reveals the Presence of a Cap over the Active 
Site. J. Biol. Chem.. 280 (2), 1392-1400 (2005). 

P Cherepanov, A Ambrosio, S Rahman, T Ellenberger, A Engelman. 
Structural Basis for the Recognition Between HIV-1 Integrase 
and Transcriptional Coactivator p75. Proc Natl Acad Sci USA. 
102 (48), 17308-17313 (2005). 

P Davison, H Schubert, J Reid, C Iorg, A Heroux, C Hill, C 
Hunter. Structural and Biochemical Characterization of Gun4 
Suggests a Mechanism for Its Role in Chlorophyll Biosynthesis. 
Biochemistry. 44 (21), 7603-7612 (2005). 

B Ford, K Skowronek, S Boykevisch, D Bar-Sagi, N Nassar. 
Structure of the G60A mutant of Ras: Implications for the 
Dominant Negative Effect.. J. Biol. Chem.. 280 (27), 25697-
25705 (2005). 

B Gao, A Bertrand, W Boles, H Ellis, T Mallett. Crystallization 
and Preliminary X-ray Crystallographic Studies of the 
Alkanesulfonate FMN Reductase from Escherichia coli. Acta 
Cryst. F. 61, 837-840 (2005). 

J Horton, K Sawada, M Nishibori, X Cheng. Structural Basis for 
Inhibition of Histamine N-Methyltransferase by Diverse Drugs. 
J. Mol. Biol.. 353 (2), 334-344 (2005). 

H Hsu, B Stillman, R Xu. Structural Basis for Origin Recognition 
Complex 1 Protein-Silence Information Regulator 1 Protein 
Interaction in Epigenetic Silencing. Proc Natl Acad Sci USA. 
102, 8519-8524 (2005). 

E Karakas, H Wilson, T Graf, S Xiang, S Jaramillo-Busquets, K 
Rajagopalan, C Kisker. Structural Insights into Sulfite Oxidase 
Deficiency. J. Biol. Chem.. 280 (39), 33506-15 (2005). 

I Loftin, S Franke, S Roberts, A Weichsel, A Heroux, W Montfort, 
C Rensing, M McEvoy. A Novel Copper-Binding Fold for the 
Periplasmic Copper Resistance Protein CusF. Biochemistry. 44, 
10533-10540 (2005). 

J Ma, Y Yuan, G Meister, Y Pei, T Tuschi, D Patel. Structural Basis 
for 5’ -end-specific Recognition of Guide RNA by the A. fulgidu 
Piwi Protein. Nature. 434, 666 (2005). 

P Paaventhan, C Kong, J Joseph, M Chung, P Kolatkar. Structure 
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of Rhodocetin Reveals Noncovalently Bound Heterodimer 
Interface. Protein Sci.. 14, 169 (2005). 

F Rivas, N Tolia, J Song, J Aragon, J Liu, G Hannon, L Joshua-Tor. 
Purified Argonaute2 and an siRNA form Recombinant Human 
RISC. Nat. Struct. Mol. Biol.. 12 (4), 340-349 (2005). 

D Shi, X Yu, L Roth, M Hiroki, Y Hathout, N Allewell, M Tuchman. 
Expression, Purification, Crystallization and Preliminary X-ray 
Crystallographic Studies of a Novel Acetylcitrulline deacetylase 
from Xanthomonas Campestris. Acta Cryst. F. 61, 676-679 
(2005). 

X Siebert, B Eipper, R Mains, S Prigge, N Blackburn, L Amzel. 
The Catalytic Copper of Peptidylglycine alpha-Hydroxylating 
Monooxygenase also Plays a Critical Structural Role. Biophys. 
J.. 89 (5), 3312-3319 (2005). 

X Siebert. Structural Probes into the Mechanism of PAM, a 
Peptide-Amidating Enzyme. Ph. D. Thesis. Johns Hopkins 
School of Medicine, Baltimore. (2005). 

A Soares, Y Vehter. Experimental methods for measuring accurate 
high-amplitude phases and their importance in isomorphous 
replacement experiments. Acta Cryst. D. D61, 1521-1527 
(2005). 

J Suryadi, E Tran, E Maxwell, B Brown, II. The Crystal Structure of 
the Methanocaldococcus jannaschii Multifunctional L7Ae RNA-
Binding Protein Reveals an Induced-Fit Interaction with the Box 
C/D RNAs. Biochemistry. 44, 9657-9672 (2005). 

Y Tie, P Boross, Y Wang, L Gaddis, f Liu, X Chen, J Tozser, R 
Harrison, I Weber. Molecular Basis for Substrate Recognition 
and Drug Resistance from 1.1 to 1.6 Angstrom Resolution 
Crystal Structures of HIV-1 Protease Mutants with Substrate 
Analogs. FEBS J.. 272 (20), 5265 (2005). 

N Tolia, E Enemark, B Sim, L Joshua-Tor. Structural Basis for the 
EBA-175 Erythrocyte Invasion Pathway of the Malaria Parasite 
Plasmodium Falciparum. Cell. 122, 183-193 (2005). 

J Truglio, B Rhau, D Croteau, L Wang, M Skorvaga, E Karakas, 
M DellVecchia, H Wang, B Van Houten, C Kisker. Structural 
Insights Into the First Incision Reaction During Nucleotide 
Excision Repair. EMBO J.. 24, 885-894 (2005). 

J Wang, K Stieglitz, E Kantrowitz. Metal Specificity is Correlated 
with Two Crucial Active Site Residues in Escherichia coli 
Alkaline Phosphatase. Biochemistry. 44, 8378-8386 (2005). 

Beamline X27A

J Ablett. High-Brightness Hard X-ray Scanning Nano-Probes at 
NSLS II. Nucl. Instrum. Meth. B. 241, 238-241 (2005). 

K Jones, H Feng, A Lanzirotti, D Mahajan. Mapping Metal 
Catalysts using Synchrotron Computed Microtomography 
(CMT) and Micro-X-ray Fluorescence (µXRF). Top. Catal.. 32 
(3-4), 263-272 (2005). 

Beamline X27B

E Kossel. NMR-Untersuchungen zum mikroskopischen Fluss in 
Perkolationsmodellobjekten. Ph.D. Thesis. Universtaet Ulm, 
Ulm. (2005). 

Beamline X27C

C Avila-Orta, C Burger, R Somani, L Yang, G Marom, F Medellin-
Rodriguez, B Hsiao. Shear Induced Crystallization in Isotactic 
Polypropylene within the Oriented Scaffold of Non-crystalline 
Ultra High Molecular Weight Polyethylene. Polymer. 46, 8859-
8871 (2005). 

J Celli, B Gregor, B Turner, N Afdhal, R Bansil, S Erramilli. 
Viscoelastic Properties and Dynamics of Porcine Gastric Mucin. 

Biomacromolecules. 6, 1329 (2005). 
X Chen, C Burger, X Wang, W He, K Yoon, R Somani, D Fang, 

I Sics, L Rong, et al.. In-Situ X-Ray Scattering Studies of 
Fluorinated Multi-Wall Carbon Nanotube (FMWNT)/Fluorinated 
Ethylene Propylene (FEP) Composite Fiber during Stretching. 
ACS, PMSE Preprints, Vol 93, p. 751-752, sponsored by ACS. 
(2005). 

J Chen, C Burger, C Krishnan, B Chu. Morphogenesis of Highly 
Ordered Mixed-Valent Mesoporous Molybdenum Oxides. J. Am. 
Chem. Soc.. 127, 14140-14141 (2005). 

X Chen, K Yoon, C Burger, I Sics, D Fang, B Hsiao, B Chu. In-Situ 
X-ray Scattering Studies of a Unique Toughening Mechanism in 
Surface-Modified Carbon Nanofiber/UHMWPE Nanocomposite 
Films. Macromolecules. 38, 3883-3893 (2005). 

L Cui, J Miao, L Zhu, I Sics, B Hsiao. Confined Discotic Liquid 
Crystalline Self-assembly in a Novel Coil-coil-disk Triblock 
Oligomer. ACS, PMSE Preprints, Vol 93, p. 286-287, sponsored 
by ACS. (2005). 

L Cui, S Dahmane, X Tong, L Zhu, Y Zhao. Using Self-Assembly 
to Prepare Multifunctional Diblock Copolymers Containing 
Azopyridine Moiety. Macromolecules. 38, 2076-2084 (2005). 

L Cui, J Miao, L Zhu, I Sics, B Hsiao. Confined Discotic Liquid 
Crystalline Self-Assembly in a Novel Coil-Coil-Disk Triblock 
Oligomer. Macromolecules. 38, 3386-3394 (2005). 

D Dikovsky, G Marom, C Avila-orta, R Somani, B Hsiao. Shear-
Induced Crystallization in Isotactic Polypropylene Containing 
Ultra-High Molecular Weight Polyethylene Oriented Precursor 
Domains. Polymer. 45, 3096-3104 (2005). 

D Dikovsky, G Marom, C Avila-Orta, R Somani, B Hsiao. Shear-
Induced Crystallization in Isotactic Polypropylene Containing 
Ultra-High Molecular Weight Polyethylene Oriented Precursor 
Domains. Polymer. 46 (9), 3096-3104 (2005). 

L Drummy, D Phillips, M Stone, B Farmer, R Naik. Thermally 
Induced Alpha-Helix to Beta-Sheet Transition in Regenerated 
Silk Fibers and Films. Biomacromolecules. 6 (6), 3328-3333 
(2005). 

Z Espinosa, F Medellin-Rodriguez, N Stribeck, A Almendarez-
Camarillo, B Hsiao, S Vega-diaz. Complex Isothermal 
Crystallization and Melting Behavior of Nylon 6 Nanoclay-
Hybrids. Macromolecules. 38 (10), 4246-4253 (2005). 

H Fong, S Dickins, G Flaim. Evaluation of Dental Restorative 
Composites Containing Polyhedral Oligomeric Silsesquioxane 
Methacrylate. Dent. Mater.. 21 (6), 520-529 (2005). 

K Fukukawa, L Zhu, P Gopalan, M Ueda, S Yang. Synthesis 
and Characterization of Silicon-containing Block Copolymers 
from Nitroxide-mediated Living Free Radical Polymerization. 
Macromolecules. 28 (2), 263-270 (2005). 

M Gelfer, C Burger, B Chu, B Hsiao, A Drozdov, M Si, M Rafailovich, 
B Sauer, J Gilman. Relationships Between Structure and 
Rheology in Model Nanocomposites of Ethylene-Vinyl-Based 
Copolymers and Organoclays. Macromolecules. 38, 3765-3775 
(2005). 

M Gelfer, C Burger, G Panek, G Jeschke, A Fadeev, M Si, 
M Rafailovich, P Nawani, J Gilman, et al.. Investigation of 
Thermally Induced Phase Transitions and Degradation of 
Organoclays Based on Synthetic Somasif Clays using in-situ 
X-ray Scattering. ACS, PMSE Preprints, , Vol 92, p. 441-442, 
sponsored by ACS. (2005). 

G Georgiev. Effects of Nematic Polymer Liquid Crystal on 
Crystallization and Structure of PET/Vectra Blends. J. Mater. 
Sci.. 40, 1140 (2005). 

G Georgiev, P Cebe, M Capel. Effects of Nematic Polymer Liquid 
Crystal on Crystallization and Structure of Pet/Vectra Blends. J. 
Mater. Sci.. 40 (5), 1141-1152 (2005). 

H Heinz, H Koerner, K Anderson, R Vaia, B Farmer. Force Field 
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for Mica-Type Silicates and Dynamics of Octadecylammonium 
Chains Grafted to Montmorillonite. Chem. Mater.. 17, 5658 
(2005). 

R Ho, T Chung, J Tsai, J Kuo, B Hsiao, I Sics. Crystallization of 
Poly(styrene)-b-syndiotactic Poly(propylene) Block Copolymers 
from Confinement to Breakout. Macromol. Rapid Commun.. 26, 
107-111 (2005). 

R Ho, T Lin, M Jhong, T Chung, B Ko, y Chen. Phase Transformation 
in Self-Assembly of th Gold(Poly(4-vinylpyridine)-b-poly(e-
caprolactone) Hybrid System. Macromolecules. 38 (21), 8607 
(2005). 

R Ho, Y Chiang, C Lin, B Huang. Crystallizatiion and Melting 
Behavior of Poly(E-caprolactone) Under Physical Confinement. 
Macromolecules. 38, 4769-4779 (2005). 

B Hsiao, M Gelfer. Synchrotron X-ray Techniques for the Study 
of Clay-Based Polymer Nanocomposites. American Chemical 
Society Rubber Division Preprint, Vol , p. 66, sponsored by 
American Chemical Society Rubber Division . (2005). 

B Hsiao, L Yang, R Somani, C Avila-Orta, L Zhu. Unexpected 
Shish-Kebab Structure in a Sheared Polyethylene Melt. Phys. 
Rev. Lett.. 94, 117802 (2005). 

P Huang, S Chen, R Van Horn, Y Guo, R Quirk, B Lotz, E Thomas, 
B Hsiao, C Avila-Orta, I Sics. PEO Crystal Orientation Changes 
within an Inversed Cylindrical Morphology Constructed by a 
PEO-b-PS Block Copolymer. ACS, PMSE Preprints, Vol 93, p. 
284-285, sponsored by ACS. (2005). 

A Kelarakis, K Yoon, I Sics, R Somani, B Hsiao, B Chu. Uniaxial 
Deformation of an Elastomer Nanocomposite Containing 
Modified Carbon Nanofibers by in situ Synchrotron X-ray 
Diffraction. Polymer. 46 (14), 5103-5117 (2005). 

J Keum, C Burger, F Zuo, I Sics, B Hsiao, T Sun, A Lustiger. 
Synchrotron X-ray Diffraction/Scattering Studies on the 
Nucleation and Growth Habits of Flow-induced shish-kebab 
structure in Linear Polyethylene (HDPE) Melts. ACS, PMSE 
Preprints, Vol 93, p. 759-760, sponsored by ACS. (2005). 

J Keum, C Burger, B Hsiao, R Somani, L Yang, R Kolb, H Chen, 
C Lue. Synchrotron X-ray Scattering Studies of the Nature of 
Shear-Induced Shish-kebab Structure in Polyethylene Melt. 
Prog. Coll. Pol. Sci. S.. 130, 114-126 (2005). 

J Keum, R Somani, F Zuo, C Burger, I Sics, B Hsiao, H Chen, 
R Kolb, C Lue. Probing Flow-Induced Precursor Structures 
in Blown Polyethylene Films by Synchrotron X-rays During 
Constrained Melting. Macromolecules. 38, 5128-5136 (2005). 

H Koerner, W Liu, M Alexander, P Mirau, H Dowty, R Vaia. 
Deformation-Morphology Correlations in Electrically 
Conductive Carbon Nanotube-Thermoplastic Polyurethane 
Nanocomposites. Polymer. 46 (12), 4405-4420 (2005). 

H Koerner, E Hampton, D Dean, Z Turgut, L Drummy, P Mirau, 
R Vaia. Generating Triaxial Reinforced Epoxy/Montmorillonite 
Nanocomposites with Uniaxial Magnetic Fields. Chem. Mater.. 
17, 1990-1996 (2005). 

H Koerner, G Price, N Pearce, M Alexander, R Vaia. Remotely 
Actuated Polymer Nanocomposites-Stress-Recovery of 
Carbon-Nanotube-Filled Thermoplastic Elastomers. Nat. Mater.. 
3, 115-120 (2005). 

S Kohjiya, M Tosaka, S Poompradub, A Kato, J Shimanuki, Y 
Ikeda, S Toki, B Hsiao. Nano-structural Elucidation in Carbon 
Black Loaded NR Vulcanizate by 3D-TEM and in situ WAXD 
Measurements. American Chemical Society Rubber Division 
Preprint, Vol , p. 33, sponsored by American Chemical Society 
Rubber Division . (2005). 

B Larin, G Marom, C Avila-Orta, R Somani, B Hsiao. Orientated 
Crystallization in Discontinuous Aramid Fiber/isotactic 
Polypropylene Composites under Shear Flow Conditions. J. 
Appl. Polym. Sci.. 98, 1113 (2005). 

H Lee, L Zhu, R Weiss. Formation of Nanoparticles during 
Melt mixing a Thermotropic Liquid Crystalline Polyester and 
Sulfonated Polystyrene Ionomers: Morphology and Origin of 
Formation. Polymer. 46, 10841 (2005). 

Y Loo, K Eakabayashi, Y Huang, R Register, B Hsiao. Thin 
Crystal Melting Produces the Low-Temperature Endotherm in 
Ethylene/Methacrylic Acid Ionomers. Polymer. 46 (14), 5118-
5124 (2005). 

J Miao, G Xu, L Zhu, L Tian, K Uhrich, C Avila-Orta, B Hsiao, M 
Utz. Chain-folding and Overall Molecular Conformation in a 
Novel Amphiphilic Starlike Macromolecule. Macromolecules. 
38, 7074-7082 (2005). 

C Mitchell, R Krishnamoorti. Non-isothermal Crystallization of in 
situ Polymerized Poly(E-caprolactone) Functionalized-SWNT 
Nanocomposites. Polymer. 46 (20), 8796-8804 (2005). 

P Nawani, M Gelfer, B Hsiao. Investigations of Morphology and 
Thermal Behavior of Transition Metal Ions Modified Clays using 
in-situ X-ray Scattering. ACS, PMSE Preprints, Vol 93, p. 757-
758, sponsored by ACS. (2005). 

K Page, K Cable, R Moore. Molecular Origins of the Thermal 
Transitions and Dynamic Mechanical Relaxations in 
Perfluorosulfonate Ionomers. Macromolecules. 38, 6472-6484 
(2005). 

B Pate, E Thomas, R Pytel. Processing the Right Actuator: The 
Relationship Between Nanostructure and Materials Properties 
of Higher-Order Pyrroles. 229th ACS National Meeting, Vol , p. 
ORGN-238, sponsored by American Chemical Society. (2005). 

B Pate, T Baker, K Lai, E Thomas. Synthesis and Dispersion of 
tin(IV) Sulfide Nano- and Microparticulate Fillers. 230th ACS 
National Meeting, Vol , p. INOR-399, sponsored by American 
Chemical Society. (2005). 

H Shin, W Lindquist, D Sahagian, S Song. Analysis of the Vesicular 
Structure of Basalts. Comput. Geosci.. 31 (4), 473-487 (2005). 

I Sics, L Rong, B Hsiao, B Chu. Advanced Polymers Beamline 
(X27C) at National Synchrotron Light Source, BNL. ACS, PMSE 
Preprints, Vol 93, p. 120, sponsored by ACS. (2005). 

R Somani, L Yang, L Zhu, B Hsiao. Flow-Induced Shish Kebab 
Precursor Structures in Entangled Polymer Melts. Polymer. 46, 
8587-8623 (2005). 

L Sun, E Ertel, L Zhu, B Hsiao, C Avila-Orta, I Sics. Reversible 
De-Intercalation and Intercalation Induced by Polymer 
Crystallization and Melting in a Poly(ethylene oxide)/Organoclay 
Nanocomposite. Langmuir. 21, 5672-5676 (2005). 

K Tenneti, X Chen, C Li, X Wan, Q Zhou, I Sics, B Hsiao. Asymmetric 
Liquid Crystalline Rod Coil Block Copolymer System. American 
Chemcial Society, Vol , p. TECH-100, sponsored by American 
Chemical Society. (2005). 

K Tenneti, X Chen, C Li, X Wan, Q Zhou, I Sics, B Hsiao. 
Asymmetric Liquid Crystalline Rod-Coil Block Copolymer 
System. ACS, PMSE Preprints, Vol 93, p. 364-365, sponsored 
by ACS. (2005). 

K Tenneti, C Li, Y Tu, X Wan, Q Zhou, C Avila-Orta, B Hsiao. On 
the Influence of Temperature and Volume Fraction on Liquid 
Crystalline Block Copolymer Nanoscale Architectures. APS 
National Meeting, Vol , p. LACC 505, sponsored by APS. 
(2005). 

K Tenneti, X Chen, C Li, Y Tu, X Wan, Q Zhou, I Sics, B Hsiao. 
Perforated Layer Structures in Liquid Crystalline Rod-coil 
Block Copolymers. J. Am. Chem. Soc.. 127 (44), 15481-15490 
(2005). 

S Toki, B Hsiao, S Kohjiya, M Tosaka, A Tsou, S Datta. Synchrotron 
X-Ray Studies of Vulcanized Rubbers and Thermoplastic 
Elastomers. American Chemical Society Rubber Division 
Preprint, Vol , p. 32, sponsored by American Chemical Society 
Rubber Division . (2005). 
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S Toki, I Sics, B Hsiao, M Tosaka, S Poompradub, Y Ikeda, S 
Kohjiya. Probing the Nature of Stain-Induced Crystallization in 
Polyisoprene Rubber by Combined Thermomechanical and In 
Situ X-ray Diffraction Techniques. Macromolecules. 38, 7064-
7073 (2005). 

R Vaia, H Koerner, B Hsiao, I Sics. Morphology -- Deformation 
Correlations in Nanocomposite Elastomers. American Chemical 
Society Rubber Division Preprint, Vol , p. 63, sponsored by 
American Chemical Society Rubber Division . (2005). 

Z Wang, H Wang, K Shimizu, J Dong, B Hsiao, C Han. Structural 
and Morphological Development in Poly(ethylene-co-hexene) 
and Poly(ethylene-co-butylene) Blends Due to the Competition 
Between Liquid-Liquid Phase Separation and Crystallization. 
Polymer. 46 (8), 2675-2684 (2005). 

J Xu, B Guo, J Zhou, L Li, J Wu, M Kowalczuk. Observation of 
Banded Spherulites in Pure poly(L-lactide) and its Miscible 
Blends with Amorphous Polymers. Polymer. 46, 9176 (2005). 

H Xu. Transitions from Solid to Liquid in Isotactic Polystyrene 
Studied by Thermal Analysis and X-ray Scattering. Polymer. 46, 
8734 (2005). 

J Zhang, J Wu. Crystallinity and orientation development in 
poly(L-lactic acid) fibers during annealing and drawing. Annual 
Technical Conference - Society of Plastics Engineers , Vol , p. 
1747, sponsored by Annual Technical Conference - Society of 
Plastics Engineers . (2005). 

H Zhou, C Burger, J Chen, B Hsiao, B Chu, L Graham, M Glimcher. 
Interpretation of 2D Small-Angle X-Ray Diffraction Patterns 
from Mineralized Collagen Fibrils in Fish Bone. ACS, PMSE 
Preprints, Vol 93, p. 755-756, sponsored by ACS. (2005). 

L Zhu, L Sun, J Miao, L Cui, Q Ge, R Quirk, C Xue, S Cheng, B 
Hsiao, C Avila-Orta. Epitaxial Phase Transformation between 
Cylindrical and Double Gyroid Mesophases. Materials Research 
Society Meeting, Vol 856E, p. BB2.3.1-BB2.3.6, sponsored by 
MRS. (2005). 

F Zou, H Chen, J Li, R Wevers, G Meyers, J Keum, X Chen, B 
Hsiao. In-situ Synchrotron SAXS/WAXD Studies on Stretching 
of Isotactic Polypropylene. ACS, PMSE Preprints, , Vol 93, p. 
761-762, sponsored by ACS. (2005). 

Beamline X28C

T Adilakshmi, P Ramaswamy, S Woodson. Protein-Independent 
Folding Pathway of the 16 S rRNA 5’ Domain. J. Mol. Biol.. 351 
(3), 508-519 (2005). 

M Brenowitz, D Erie, M Chance. Catching RNA Polymerase in 
the act of Binding: Intermediates in Transcription Illuminated by 
Synchrotron Footprinting. Proc Natl Acad Sci USA. 102, 4659-
4660 (2005). 

J Guan, K Takamoto, S Almo, E Reisler, M Chance. Structure and 
Dynamics of the Actin Filament. Biochemistry. 44, 3166-3175 
(2005). 

S Gupta, W Mangel, M Sullivan, K Takamoto, M Chance. 
Synchrotron Footprinting Provides Insight into Adenovirus 
Protease-DNA Interactions. Synch. Rad. News. 18, 25-33 
(2005). 

P Rangan. Folding of the Azoarcus Intron. Ph.D. 
Thesis. John Hopkins University, Baltimore. (2005). 
K Takamoto, M Chance. A New Approach for Nucleic Acid 
Footprinting Data Analysis. BioTech. J.. 5, 194-197 (2005). 

S Woodson. Metal Ions and RNA Folding: A Highly Charged 
Topic with a Dynamic Future. Curr Opin Chem Biol. 9, 104-109 
(2005). 
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