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Simon G. J. Mochrie (top),
Mark Sutton (middle), and
Gerbard Griibel (bottom)

Z_V
2009 Arthur H. Compton Award
The Department of Energy’s Advanced Photon Source (APS) and the APS
Users Organization announced that the 2009 Arthur H. Compton Award
will be presented jointly to Simon Mochrie, Mark Sutton, and Gerhard
Griibel for their pioneering efforts in x-ray photon correlation spectroscopy

(XPCS), which exploits the coherent properties of synchrotron x-rays to
study the slow dynamics of condensed matter at short length scales.

“XPCS seemed like a heroic experiment only a decade ago, but it is now used
routinely to do great science at APS and other sources. We are grateful for the

pioneering vision of our winners in making this research possible,” said
Murray Gibson, director of the APS.

'The XPCS technique has evolved into a sophisticated tool for studying slow
dynamics in inhomogeneous systems at length scales too small for other
techniques. The wide range of systems studied include block copolymers,
micellar systems, colloidal suspensions, liquid surfaces, molten polymer films,
membranes and binary alloys. The award winners have played a significant
role in driving the evolution and application of this technique.

X-ray photon correlation spectroscopy makes use of the way coherent light
scatters from irregular structures. The coherent portion at the center of a
synchrotron undulator beam is selected with a pinhole aperture. When this
coherent beam hits the sample, the scattered light bunches into spots, called
speckles. As the structure of the sample changes, the intensity of light at each
speckle changes. By monitoring how the intensity fluctuates across the whole
pattern of speckles—like watching flames pass through a bed of embers—it is
possible to learn how the structure of the sample changes with time.

'The technique was first reported for x-rays by Sutton, Mochrie, and col-
leagues in a 1991 letter to Nature [1], in which they described work at the
National Synchrotron Light Source at Brookhaven National Laboratory.

A similar technique, dynamical light scattering with visible laser light, was
widely used at the time, but the extension to x-rays makes it possible to study
opaque samples and work at much smaller length scales (well under 200
nanometers).

'The technical challenges of the technique were significant. Because so little
of the available beam is coherent, and because x-rays interact weakly with
samples in general, these XPCS pioneers had to devise both efficient detec-
tion strategies for tiny signals and sophisticated algorithms to analyze those
signals as they varied over a large area of detector space.

Simon Mochrie and Mark Sutton were key contributors in the development
of beamline 8-ID at the APS, which remains the only facility for XPCS in
the United States. Both were active in the management and scientific direc-
tion of the IBM-McGill-MIT-Yale Collaborative Access Team (IMMY-
CAT), which built and operated sector 8 until it transitioned to APS man-
agement in 2003. Many other investigators associated with IMMY-CAT
also contributed to the development of the technique and its application.
Mochrie is currently Professor of Physics and Professor of Applied Physics at
Yale University, New Haven, Connecticut; Sutton is Professor of Physics at
McGill University in Montreal, Canada.
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Gerhard Griibel brought the technique to Europe, lead-
ing the development of the ID10 (Troika) beamline at
the European Synchrotron Radiation Facility (ESRF)
in Grenoble, France, and pioneered many innovative
applications of XPCS. He is now a senior scientist at
Hasylab at the Deutsches Elektronen-Synchrotron
(DESY) in Hamburg, Germany, where he is involved
in the development of coherence based techniques for
free-electron laser sources.

In addition to developing the “how” of XPCS, all three
winners have used it to significantly advance the “what”
of their own disciplines. The following are examples

selected by the winners as illustrating the impact of
XPCS in their work.

Simon Mochrie studies the properties, phase behav-
ior, and phase transitions of soft matter. His work to
characterize a sponge phase of a block copolymer [2]
marked a step forward in terms of both technique and
science. The quality of the data showed that XPCS is
useful for studying polymer dynamics; furthermore, as
one of the first studies to use a fast x-ray area detector,
this work has prompted further development of those
detectors. In terms of the system studied, XPCS
revealed a previously unobserved crossover from
stretched to compressed exponential relaxations as a
function of temperature. The data also provided a clear
example of mysterious compressed exponential relax-
ations that do not appear to evolve with time, realizing
a new paradigm for relaxations in highly viscous media.

Mark Sutton’s group studies the time evolution of
non-equilibrium systems. He and colleagues have since
demonstrated a controllable way to combine a reference
signal (heterodyning) with coherent small angle x-ray
scattering [3]. This adaptation of the XPCS technique
gives direct access to phase information that can, for in-
stance, be used to separate the effects of advection (local
flow) from dissipation (randomness).

Gerhard Griibel and his group work primarily on the
bulk and surface dynamic properties of complex fluids
and more recently on glassy and magnetic systems. His
work on colloidal silica suspensions [4] illustrated the
strength of XPCS in combination with small-angle
scattering for the quantitative characterization of col-
loidal fluids. It motivated a series of subsequent studies
challenging, in particular, our knowledge of the direct
and indirect hydrodynamic interactions in concentrated

soft-sphere fluids.

Along with their early collaborators Steve Dierker,
Larry Lurio, Ian Robinson, Brian Stephenson, and oth-
ers, the three award winners have pioneered a scientific
thrust that has had long-range influence on research at
synchrotron sources. The techniques they have devel-
oped will continue to drive development and science at
beamlines at APS, ESRF, and elsewhere and will have
significant influence on the next generation of free-
electron lasers.

References

[1] M. Sutton, S. G.]. Mochrie, T. Greytak, S. E. Nagler,
L. E. Berman, G. A. Held, and G. B. Stephenson, “Observa-
tion of speckle by diffraction with coherent X-rays,” Nature 352,
608-610 (15 August 1991).

[2] P.Falus, S. Narayanan, A. R. Sandy, S. G. J. Mochrie, “Cross-
over from stretched to compressed exponential relaxations in a
polymer-based sponge phase,” Phys. Rew. Lett. 97, 066102 (2006)

[3] F.Livet, F. Bley, F. Ehrburger-Dolle, I. Morfin, E. Geissler, and
M. Sutton, “X-ray intensity fluctuation spectroscopy by hetero-
dyne detection,” J. Synchrotron Rad. 13, 453-458 (2006).

[4] G.Gribel, D. L. Abernathy, D. O. Riese, W.L. Vos, and
G. H. Wegdam, “Dynamics of dense, charge-stabilized suspen-
sions of colloidal silica studied by correlation spectroscopy with
coherent X-rays,” J. Appl. Cryst. 33, 424 (2000).
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Comprehensive Program

Sunday, May 3

11:00 - 3:00  Exhibitor Set-up
Bldg. 402, Gallery;
Bldg. 401, Atrium

5:00 - 7:00 Registration
Bldg. 401, Atrium

5:00 - 7:00 Exhibitor Expo and Reception
Bldg. 402, Gallery;
Bldg. 401, Atrium
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Comprehensive Program

Monday, May 4

Registration:  7:00 — 5:00
Bldg. 401, Atrium

Exhibits: 8:00 - 5:00
Bldg. 402, Gallery;
Bldg. 401, Atrium

Lunch: 11:45-1:30
In the tent

Opening Session
Bldg. 402, Lecture Hall

8:15-8:30 Welcome
Laurence Lurio, Northern Illinois University, APSUO Chair

8:30-9:30 Update on the Advanced Photon Source
Murray Gibson, Director, APS

9:30-10:00 DOE Perspective
Pedro Montano, Director, Scientific User Facilities Division,
Office of Basic Energy Sciences, Office of Science, U.S. Department of Energy

10:00- 10:30 Coffee Break
Gallery and Atrium

10:30-11:00 Compton Award Presentation and Lecture
Simon Mochrie, Yale University
Mark Sutton, McGill University
Gerhard Grtibel, Hasylab/DESY

11:00 - 11:15 Update on the Center for Nanoscale Materials
Stephen Streiffer, Acting Director, CNM

11:15-11:45 Update on the Electron Microscopy Center
Dean Miller, Director, EMC

11:45 - 1:00 Lunch
Tent
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Monday, May 4

Science Highlights
Bldg. 402, Lecture Hall

1:00

1:00 - 1:30
1:30 - 1:50
1:50 - 2:10
2:10 - 2:40
2:40 - 3:00
3:00 - 3:30
3:30-5:00
5:00 - 7:00
7:00 - 8:00
Evening

Welcome
Moderator: Linda Young, Argonne National Laboratory

Strategic Directions at Argonne National Laboratory
Eric Isaacs, Director, Argonne National Laboratory

Finding Gems in Low-quality Crystalline Proteins with an X-ray Mini-beam
Janet Smith, University of Michigan

Invited Student Talk

Benefits of Aberration-corrected TEM for Materials Science Problems
Bernd Kabius, Argonne National Laboratory

Chemical Switching of Polarization in Ultrathin Ferroelectric PbTiO, Films
Brian Stephenson, Argonne National Laboratory

Coffee Break
Gallery and Atrium

APS Renewal Status Report
Moderator: Dennis Mills

APS Poster Session & Reception
Bldg. 437

APS Partner User Council Meeting & Dinner
Argonne Guest House

Special interest group meetings as scheduled by groups

SPECIAL FOCUS ON APS RENEWAL
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Comprehensive Program

Tuesday, May 5, 2009

Registration:

Exhibits:

7:30 - 5:00
Bldg. 401, Atrium

8:00 - 5:00
Bldg. 402, Gallery;
Bldg. 401, Atrium

APS Renewal Focus, Part 1: Science
Bldg. 402, Lecture Hall

8:00 - 8:10

8:10 - 8:50

8:50 - 9:25

9:25-10:00

10:00 - 10:30

10:30-11:10

11:10-11:45

11:45-1:00

Welcome
Moderator: David Tiede, Argonne National Laboratory

Dynamics of Life
Keith Moffat, University of Chicago

Materials for Energy Applications
Michelle Buchanan, Oak Ridge National Laboratory

Materials under Pressure
Russell Hemley, Carnegie Institution of Washington

Coffee Break
Gallery and Atrium

Applications of Synchrotron Radiation to the Characterization
of Real-world Materials Systems
Roger Leach, DuPont

User Visions, Part 1

A Path Forward to Advanced Nuclear Fuels, Founded upon a Unique
and Crucial New Facility at the APS

James Tobin, Lawrence Livermore National Laboratory

High-field Magnets for X-ray Scattering Studies of Materials
Zahir Islam, Argonne National Laboratory

Simultaneous Real-space Imaging and Diffraction Studies of Nano-scaled Structures
Hawoong Hong, Argonne National Laboratory

Biological Imaging at the APS: Imagining the Future
Lydia Finney, Argonne National Laboratory

Lunch
Tent
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Tuesday, May 5, 2009

APS Renewal Focus, Part 2: Techniques
Bldg. 402, Lecture Hall

1:00 Welcome
Moderator: Peter Eng, University of Chicago

1:00 - 1:35 Coherent Diffraction and X-ray Imaging
Keith Nugent, University of Melbourne, Australia

1:35-2:10 X-ray Microscopy: Pictures of Complexity
Chris Jacobsen, Stony Brook University

2:10 - 2:45 Advanced X-ray Optics
Kazuto Yamauchi, Osaka University

2:45 - 3:15 Coffee Break
Gallery and Atrium

3:15-3:50 Advanced X-ray Detector Development at NSLS
Peter Siddons, Brookhaven National Laboratory

3:50 - 4:25 Ultrafast X-ray Spectroscopy of Solvated Transition-metal Complexes
and Oxide Materials
Robert Schoenlein, Lawrence Berkeley National Laboratory

4:30 - 5:10 User Visions, Part 2
Picosecond Temporal Resolution for Plasmonic and Acoustic Properties
in Nanomaterials
Yuelin Li, Argonne National Laboratory

Rapid, Ultra-fast Time-resolved Laue Data Collection from Tiny Crystals
after Homogenous Reaction Initiation
Marius Schmidt, University of Wisconsin-Milwaukee, Physics Department

Ultra-fast Polarization Phase Selective (PPS) Measurements at APS
Kresimir Rupnik, Louisiana State University

Hard X-ray in situ Real-time Interfacial-structural-spectro-nanoscopy
Paul Fenter, Argonne National Laboratory

5:10 — 5:45 APS Renewal Discussion
Moderator: Paul Fuoss

6:00 —9:00 Banquet
Argonne Guest House

SPECIAL FOCUS ON APS RENEWAL
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Comprehensive Program

Wednesday, May 6, 2009

Registration:  7:30 — 5:00
Bldg. 401, Atrium

Exhibits: 8:00 - 5:00
Bldg. 402, Gallery;
Bldg. 401, Atrium

11:45-1:30 Lunch
In the tent

12:00-1:30  APSUO Steering Committee
Bldg. 401, 5th Floor Gallery

5:15 - 5:45 Workshop Wrapup Reports
Bldg. 402, Lecture Hall

Half-day Workshops—Morning

8:40 - 12:15  WK2: Optics for the Future (morning)
Bldg. 402, Lecture Hall

Half-day Workshops—Afternoon

1:30 - 5:00 WK 1: Detectors for the Future (afternoon)
Bldg. 402, Lecture Hall

1:30 - 5:00 WK3: NextGen Nanopositioning—Engineering Robust Systems
for Manipulation and Analysis (afternoon)
Bldg. 440 (CNM), Rm. 105/106

Full-day Workshops

8:55 - 11:55
1:20 - 5:00 WK4: High-speed Imaging Opportunities with X-rays
Bldg. 402, Rm. E1100/E1200

9:00 — 12:00
1:30 - 5:00 WAKS5: Imaging Structural Hierarchy in Biological Systems
Bldg. 401, Rm. A1100

8:55-11:45
1:15-5:15 WKG6: Synchrotron Radiation in Chemical Science
Bldg. 401, Rm. A5000
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Wednesday, May 6, 2009
Auxiliary Workshop*

8:30-12:30
2:15-6:00

WAK?7: High Pressure Synchrotron Science: Future Directions
Bldg. 362 Auditorium (shuttle bus service from Guest House
and APS Conference Center)

Workshop 7 continues on Thursday and Friday in the Bldg. 402 Lecture Hall.

See workshop web page for details: http://www.hpsync.org/links/HiPreSS/.

*Auxiliary Workshop A, “High-performance Computing at the APS,”
which was originally scheduled for Sunday, has been postponed.

SPECIAL FOCUS ON APS RENEWAL
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General Session: Science Highlights

General Session: Science Highlights

Finding Gems in Low-quality Crystalline Proteins with an X-ray Mini-beam

Janet L. Smith', Jennifer Gehret', Shenglan Xu?, Derek W. Yoder?, Oleg Makarov?, Mark C. Hilgart?,
Sergey Stepanov?, Sudhir Pothineni?, Stephen Corcoran?, Venugopalan Nagarajan?, Craig Ogata?,
Ruslan Sanishvili?, Michael Becker? and Robert F. Fischetti?

'Department of Biological Chemistry, Life Sciences Institute, University of Michigan, 210 Washtenaw Ave.,

Ann Arbor, M1 48109 USA
2GMY/CA CAT, Biosciences Division, Argonne National Laboratory, 9700 South Cass Ave., Argonne, IL 60439 USA

Protein crystals frequently suffer from problems such as high mosaicity, split or smeared diffraction maxima, small size,
multiple lattices and radiation sensitivity. Many such crystals are useless in an “ordinary” beam, but can yield high-
quality diffraction data in the 5-pum to 20-pm mini-beam at GM/CA CAT. The enzyme TE-DC is a good example.
Twenty-five crystalline samples of selenomethionyl (SeMet) TE-DC were screened, but the only sample that dif-
fracted beyond ~4 A was a double crystal. A single-crystal region within the double crystal was selected by diffraction
rastering with a 20-pm mini-beam; however, Friedel data from this region were incomplete due to radiation damage.
A fresh region of the sample was selected by diffraction rastering with a 10-pum mini-beam, and additional Friedel
data were collected. The merged, complete SeMet Friedel data set yielded a 2.1-A electron density map of stunning
quality 3 hrs after the diffraction experiment. The stable mini-beam combined with an intuitive user interface offering
automated sample mounting and screening, beam-size selection and raster probing have allowed many users to find
gems in their low-quality samples.

Research supported by NIH grant RO1 DK042303 to JLS, and by NIH interagency agreements NIGMS Y1-GM-1104 and NCI Y1-CO-1020 to RFE.

Benefits of Aberration-corrected TEM for Materials Science Problems

B. Kabius
Center for Electron Microscopy, Materials Science Division, Argonne National Laboratory, Argonne, IL 60439

During the last 10 years several aberration-correction concepts for electron microscopes have succeeded in improving
spatial resolution and analytical capabilities. Electron optical systems for correction of spherical aberration are now

a valuable tool for materials science research, and several investigations have already exploited some of the benefits

of C -correction for high-resolution TEM and STEM. The TEAM (Transmission Electron Aberration-corrected
Microscopy) project is a collaborative DOE project that will extend the present capabilities of aberration-correction
technology. The goals for aberration correction within the TEAM project are

o Correction of higher order aberrations, such as fifth-order spherical aberration, which is required for improving
interpretability at sub-Angstrom resolution (TEM) and higher beam currents in smaller electron probes (STEM).

o Improving the information limit to 0.5 A by correction of chromatic aberration (C_) and energy monochromation.

This progress in electron beam instrumentation is expected to have a strong impact on iz sizu TEM, magnetic imag-
ing, and analytical electron microscopy. The benefits of C - and C_-correction for materials science problems requiring
these methods will be discussed and first results using C _-correction will be presented.

This work was supported by the U.S. Department of Energy, BES-Materials Sciences, under Contract No. DE-AC02-06CH11357
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General Session: Science Highlights

Chemical Switching of Polarization in Ultrathin Ferroelectric PbTiO, Films

G.B. Stephenson'?, R.-V. Wang?, D.D. Fong’, F. Jiang', M.J. Highland', T.T. Fister', P.H. Fuoss', J.A. Eastman’,
S.K. Streiffer?, and Carol Thompson3

"Materials Science Division, Argonne National Laboratory, Argonne, IL 60439

2Center for Nanoscale Materials, Argonne National Laboratory, Argonne, IL 60439

3Department of Physics, Northern Illinois University, DeKalb, IL 60115

Ferroelectrics are both fascinating and useful because their atomic-scale structure responds strongly to electric field
and temperature. Large interfacial effects make ultrathin films behave very differently than bulk crystals. We have
been growing and studying such films at sector 12ID-D, using i sizu surface diffraction to monitor film growth and
observe the polarization structure as a function of temperature, thickness, and environmental conditions. Recently we
discovered that the effects of applied chemical potential are similar to those of applied electric potential. The direc-
tion of polarization in an ultrathin epitaxial PbTiO; film can be switched by changing the oxygen partial pressure in
equilibrium with its surface. This opens up a rich new area for study, in which surface chemistry has a large interaction
with the ferroelectric phase transition.

Work supported under contract DE-AC02-06 CH11357 between UChicago Argonne LLC and the Dept. of Energy.
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APS Renewal Focus: Science /X\

APS Renewal Focus: Science

Dynamics of Life

Keith Moffat

Department of Biochemistry & Molecular Biology, Institute for Biophysical Dynamics and the Consortium
for Advanced Radiation Sources

The University of Chicago

'The organizers’ title may be a bit over the top—but if it doesn’t move, it’s not “living”. The “it” can refer to molecules
small or large, organelles, whole cells or of course intact organisms. Synchrotron X-ray sources can in principle, and
in many cases in practice, successfully probe biological, biochemical and chemical dynamics over a wide range of time
and length scales, from femtoseconds to the generation time of an organism, and from ~10 pm to centimeters.

Ilustrations will be drawn largely from studies at the molecular level in which, for example, a chemical process such as
isomerization that lies at the heart of perception of light by a biological photoreceptor can be followed structurally in
real time, as the atoms and groups of atoms move around.

'The limitations of today’s approaches to experimental dynamics—X-ray source, experimental design, detectors, radia-
tion damage, data analysis—will be briefly discussed.

Materials for Energy Applications

Michelle V. Buchanan
Associate Laboratory Director, Physical Sciences, Oak Ridge National Laboratory

The world’s demand for energy is projected to double by 2050, requiring tremendous growth in energy generation
capacity. Clearly, a more diverse portfolio of energy sources must be developed, especially when one takes into account
the limited supply of readily available fossil fuels and increasing environmental concerns. Energy systems of the future,
whether they convert sunlight into electricity, produce fuel from splitting water, or transform carbon dioxide into fuel,
are centered on materials. Next-generation energy technologies will place dramatically higher demands on materials—
requiring enhanced functionality and performance under extreme environments. The ability to design materials at the
atomic level, taking advantage of new synthesis approaches, characterization tools, and computational modeling, has
the potential of yielding unprecedented advances in new materials that will be needed in future energy technologies.

Materials under Pressure

Russell J. Hemley
Geophysical Laboratory, Carnegie Institution, Washington, D.C. 20015

Experiments based on diamond technology are now providing unprecedented insight into the nature of materials
under extreme conditions. At pressures up to >300 GPa and temperatures from millikelvins to thousands of degrees,
new phenomena are observed in hydrogen and other simple molecular systems; new superconducting, electronic, and
magnetic materials are created; and unexpected findings in soft matter and biological systems are observed. These
discoveries have been made possible by synergistic advances in synchrotron radiation methods, combined with allied
developments in a variety of laser, electrical transport, magnetic, neutron scattering, and other analytical methods.
Continued developments at dedicated high-pressure beamlines as well as beamlines optimized for particular tech-
niques are essential for taking this research to the next level. New classes of experiments will require the use of nano-
beams, higher energy photons, coherence, and beam time structure. There are important opportunities for dynamic
compression and combined static/dynamic experiments at synchrotron and other advanced light sources in furthering
our understanding of materials in extreme states.

SPECIAL FOCUS ON APS RENEWAL 15



APS Renewal Focus: Science

Applications of Synchrotron Radiation to the Characterization of Real-world
Materials Systems

Roger A. Leach, W. E. Guise, J. David Londono, and H. David Rosenfeld
Central Research and Development Department, Corporate Center for Analytical Sciences, DuPont Company

DuPont has been a participating member of DND-CAT at the Advanced Photon Source since the start-up of

the facility in 1996. Scientific information generated at the APS has contributed to more than 100 different busi-
ness projects and has mainly been obtained through the use of relatively straightforward diffraction, scattering, and
spectroscopy experiments. The value of the synchrotron radiation source to us is derived from the brilliance, tunable
wavelength, and collimation, which allow us to perform experiments that are generally not adequate or possible with
laboratory-based x-ray equipment, including dynamic or iz sizu studies of materials.

This presentation will focus on several examples of how our experimental work at DND-CAT has been integrated
into several interesting and successful research projects over the past few years, including real-time studies of chemical
reactions and the deformation and processing of materials. The talk will close with several examples of how improved
x-ray imaging methods, made possible with the proposed APS Renewal, would be expected to provide additional
value to programs in the areas of nano-material and photo-voltaic device development.

USERS WEEK 2009 — MAY 4-6, 2009



APS Renewal Focus: User Visions, Part 1

APS Renewal Focus: User Visions, Part 1

A Path Forward to Advanced Nuclear Fuels, Founded upon a
Unique and Crucial New Facility at the APS*

J. G. Tobin
Lawrence Livermore National Laboratory (tobin1@lInl.gov)

In a break with past paradigms, the U.S. Department of Energy has proposed a novel approach to the development
of advanced nuclear fuels: predictive numerical simulation. [1] The advent of massive parallel computing and other
improvements in computation capabilities has opened the door to the possibility of simulating much of the work that
would have necessarily been determined empirically in the past. Nevertheless, these simulations and projections re-
quire the input of fundamental physical parameters that are experimentally generated or at least benchmarked, as well
as computational electronic structure models that accurately describe 5f electronic systems. In particular, there are two
crucial problems that must be resolved: (1) a dearth of fundamental thermodynamic

information and (2) an absence of an understanding of 5f electron correlation. To remedy the first malady, we propose
a radical departure from past practices of calorimetry. Using the techniques first proposed by Martensson and Johans-
son [2] and then validated by Steiner et al. [3], we will use spectroscopically determined core level shifts to benchmark
the computationally generated heats of solution. To resolve the second issue, we propose the pursuit of Fano spectros-
copy [4] of the actinides, [5] including the minority transuranic daughter products so crucial to the reprocessing of
nuclear fuels.

To truly resolve both of these sets of problems, a novel, dedicated Actinide Science Beamline is required, with full ca-
pabilities for handling highly radioactive transuranics, with exposed surfaces in vacuo, and high-brightness, high-res-
olution, circularly polarized soft x-rays in the hv = 100 to 500 eV range. The APS, where the possibility of a low-field
device on a high-energy ring exists, is the best choice for such a synchrotron radiation source. Moreover, by utilizing
the long beamline architecture of high-resolution beamlines, it will be possible to isolate the radioactive materials

handling endstations in an adjacent building separated from the other APS beamlines.

*Based upon LLNL-PROP-404276.

Lawrence Livermore National Laboratory is operated by Lawrence Livermore National Security, LLC, for the U.S. Department of Energy, National Nuclear
Security Administration under Contract DE-AC52-07NA27344. This work was supported by the DOE Office of Basic Energy Science
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High-field Magnets for X-ray Scattering Studies of Materials

Zahirul Islam and Jonathan C. Lang
Argonne National Laboratory

Studies of materials in extreme environment such as high magnetic fields emerged as a grand challenge science from a
series of Basic Energy Science workshops, which have laid down the framework for future materials physics research
directions funded by the DOE. The National Research Council report on opportunities in high field science (2005)
and the CMMP2010 report have independently identified a national need for the development and use of high-field
magnet instruments at national user facilities such as the Advanced Photon Source (APS) as well. We propose two
complementary sets of extremely high-field magnets as a part of APS renewal: (1) 14-18 Tesla cryogen-free supercon-
ducting magnets; (2) 60 Tesla pulsed magnets. In both cases a split-pair and a solenoid design are envisioned. These
new instruments will enable scattering and spectroscopic studies of numerous materials in extreme environment and
usher in novel studies of meta-stable states of matter. The users of magnet laboratories and researchers at universities,
national laboratories, and neutron facilities will greatly benefit from synchrotron x-ray studies of structural and mag-
netic effects induced by magnetic fields. Proposed instruments will ensure U.S. leadership in cutting-edge high-field
science at a synchrotron.
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Simultaneous Real-space Imaging and Diffraction Studies of Nano-scaled Structures

Hawoong Hong', Paul Zschack', Goran Karapetrov?, Tai-Chang Chiang?

'Surface Scattering and Microdiffraction Group, Advanced Photon Source, Argonne National Laboratory
2Materials Science Division, Argonne National Laboratory

3University of Illinois at Urbana-Champaign

The major focus of surface science has now been shifted to nano-scale structures such as quantum dots/wires and
islands/clusters. These nanostructures can be self-assembled through the effects of electronic quantum confinement,
lattice strain, and/or thermodynamics and kinetics. By controlling deposition and annealing conditions or through
manipulating interface characteristics, the structure and properties of these nanostructures can be deliberately engi-
neered. There are many examples of self-assembled nano-structures, such as quantum dots in semiconductor het-
eroepitaxy, metal nano-wires on semiconductors, islands of metal quantum wells, etc. In addition, metal catalysts on
oxide supports are very relevant in connection with energy storage and require this line of research for comprehensive
understanding. High-brilliance x-ray sources enable surface diffraction to provide unique capability for determining
the atomistic structures in these various systems. X-rays are penetrating and have an additional advantage as tools for
in situ and real-time analysis. However, the real space observation of morphology is also crucial in these studies. Since
STM/AFM is the most dominant and versatile technique as a real space measurement tool, combining these two
techniques to realize simultaneous measurements in real-space and in reciprocal-space without moving the sample
position or changing the sample environment, could be game-changing. The full capability of a diffractometer on an
undulator beam line, together with STM/AFM capability in a UHV chamber with MBE functions will allow iz situ
real-time studies of emergent properties in new, nano-scale structures.

Biological Imaging at the APS: Imagining the Future

Lydia Finney

Argonne National Laboratory

Our understanding of biological systems is at a point of rapid expansion, and imaging is one of the many technologies
enabling this growth. As we look forward to the Renewal of our facility and beyond, many of our planned improve-
ments will work together in a complementary way to further accelerate life science. Examples of these proposed
developments, including improvements in both our ability to visualize biological specimens at nanometer scale, and to
visualize them in the frozen-hydrated state, promise to bring new vision to our understanding of life. The potential of
these capabilities to impact new science will be discussed.
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Coherent Diffraction and X-ray Imaging

Keith A Nugent
ARC Centre of Excellence for Coherent X-ray Science, The University of Melbourne, Vic., 3010, AUSTRALIA

Coherent diffractive imaging is a rapidly developing technique with a number of emerging applications (e.g., [1]).
In this talk I will review progress in the methodology, exploring how it can be applied to general extended objects

using the ptychographical [2] and keyhole [3] approaches. I will also discuss methods that incorporate and use the
less-than-perfect spatial coherence available from third-generation synchrotron sources.

1. Barty A, Marchesini S, Chapman HN, Cui C, Howells MR, Shapiro DA, Minor AM, Spence JCH, Weierstall U, Ilavsky J et al:

Three-dimensional coherent x-ray diffraction imaging of a ceramic nanofoam: Determination of structural deformation mechanisms.
Physical Review Letters 2008,101(5):055501.

2. Rodenburg JM, Hurst AC, Cullis AG, Dobson BR, Pfeiffer F, Bunk O, David C, Jefimovs K, Johnson I: Hard-x-ray lensless imaging
of extended objects. Physical Review Letters 2007, 98(3):034801.

3. Abbey B, Nugent KA, Williams G]J, Clark JN, Peele AG, Pfeifer MA, De Jonge M, McNulty I: Keyhole coherent diffractive imaging.
Nature Physics 2008, 4(5):394-398.

X-ray Microscopy: Pictures of Complexity

Chris Jacobsen
Stony Brook University

Advances in x-ray optics and imaging techniques are providing higher resolution views of natural systems and
manufactured materials. This presentation focuses on another advance: being able to view chemical bonding motifs
and trace elements even in complex specimens, and to be able to place this information in structural context. Pictur-
ing complexity of course requires advances in imaging methods, but it also demands multimode signal detection and
computational analysis to yield an image that is not just sharp, but informative!

Advanced X-ray Detector Development at NSLS

D. Peter Siddons
Brookhaven National Laboratory

Several detector development projects are underway at Brookhaven National Laboratory’s NSLS. These projects are
close collaborations between NSLS and BNL’s Instrumentation Division, and address various synchrotron radiation
techniques such as diffraction, spectroscopy and imaging. They are all based on custom microelectronics for high-
density readout and custom sensors fabricated in-house at BNL. The talk will describe selected examples of these
developments.

Ultrafast X-ray Spectroscopy of Solvated Transition-metal Complexes and Oxide Materials

Robert Schoenlein
Lawrence Berkeley National Laboratory

Understanding the complex interplay between atomic structure and electronic structure and properties is a funda-
mental challenge in condensed matter, particularly for correlated materials and molecular complexes exhibiting strong
coupling between charge, spin, orbit, and lattice/vibrational degrees of freedom. Time-resolved measurements provide
a new window to this problem by enabling the study of coupled interactions on time scales shorter than the underly-

ing correlations. Ultrafast x-ray techniques are emerging as a powerful complement to ultrafast visible lasers, providing

detailed information on both atomic dynamics, and valence charge dynamics. This talk will focus on recent time-
resolved x-ray measurements of photo-induced phase transitions in transition-metal oxides and solvated transition-
metal molecular complexes that reveal new information on the underlying physics.
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Picosecond Temporal Resolution for Plasmonic and Acoustic Properties in Nanomaterials

Yuelin Li
X-ray Science Division, Argonne National Laboratory

Nanomaterials have wide application, particularly for energy science. In thermal electric applications, the acoustic
properties of nanomaterials seem to be very promising for transmitting electrons but scattering phonons. It was also
found that the coupling between plasmonic and acoustic oscillation plays a key role under certain circumstances. The
characteristic time in those systems is dependent on the size of the nanoparticles and ranges from a few picoseconds
to 100 ps. These have only been studied using optical/pump-probe experiment in which the optical probe may excite
plasmonic/acoustic oscillation by itself. GISAXS provides a cleaner and more direct way of looking at the oscillation
of the nanoparticles, but a higher temporal resolution is needed. Thus it is important to develop picosecond resolution
techniques at the APS, either by shortening the x-ray pulse or developing detectors providing picosecond resolution.

Rapid, Ultra-fast Time-resolved Laue Data Collection from Tiny Crystals after
Homogenous Reaction Initiation

Marius Schmidt
University of Wisconsin-Milwaukee, Physics Department (m-schmidt@uwm.edu, 414-229-4338)

Ultra-fast laser pump pulses to initiate reactions in protein crystals cannot be used to date, since the pulses do not
penetrate deeply enough into the material, presumably due to two-photon absorption or other effects that make the
crystals virtually black. Consequently, reaction initiation is very poor and time-resolved difference maps are usually
empty when laser pulses a few pico-seconds long are employed. To circumvent this issue, small crystals a few microm-
eters in size must be used. Such crystals can be illuminated homogeneously even with ultra-fast laser pulses. Then,
however, the scattering volume may become too small to collect a diffraction pattern with the existing synchrotron
sources. At the moment, crystals with edge length of 100 um are routinely used for time-resolved crystallographic
experiments. The reduction of crystal edge lengths by one order of magnitude to 10um also requires that the x-ray flux
be increased by one order of magnitude to collect comparable time-resolved diffraction patterns, provided the beam
can be focused to 10 x 10 pm? In this case however, potentially, only one diffraction pattern can be collected per crys-
tal because of radiation damage. Multiple crystals must be brought successively and rapidly into the beam (see fig. 1).
'Then single-digit picosecond time-resolved experiments with homogenous reaction initiation will become feasible. We
need to increase the x-ray flux in a single polychromatic pulse (in the hybrid mode) from 1011 to 1013 per pulse and
decrease the duration of that pulse to single-digit picoseconds. By doing so, we will close the gap between the
X-FELS and the synchrotrons available today.

/

N
(7

UV-Position Detector

‘74‘ -light Fig. 1. Rapid scan mechanism to bring the tiny crystals in the X-ray beam. The reaction
y is initiated by a femtosecond or picosecond laser pulses. Either UV light or image

processing can be used to determine the exact relative position of the tiny crystals.
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Ultra-fast Polarization Phase Selective (PPS) Measurements at APS

Dr Kresimir Rupnik
Department of Chemistry, LSU Baton Rouge, LA 70803 (chrupn@Isu.edu)

Tailoring electromagnetic field structure ad breve tempus by different physical objects has been identified as one of the
most productive ways to image as well as to control physical processes. Although among the most difficult methods,
combined PPS studies can reveal new selective and detailed information about electronic and nuclear processes from
single molecules to large biomolecular systems and materials. Methods such as magneti circular dichroism can be
applied to all systems and were shown to be very useful, but they are limited by instrumental difficulties. Our nuclear
vibrational resonance spectroscopy studies at APS have not yet included PPS techniques. We have recently conducted
PPS studies at National High Magnetic Field Laboratory (“PPS Studies,” K. Rupnik, PI) of physico-chemical pro-
cesses of significant interest to biomedicine and sub-nano material architecture. These studies indicate (1) that many
of the obstacles to the PPS measurements can be removed and processes at much faster time scales can be observed,
and (2) there are extremely promising new results in the areas where “no enzyme has gone before.” We discuss here
the work in the same area that can be done at APS, a higher generation light source.

Hard X-ray in situ Real-time Interfacial-structural-spectro-nanoscopy

Paul Fenter
Argonne National Laboratory

Heterogeneity is a key challenge for interfacial science that is a key element controlling the reactivity of realistic
interfaces and offers a rich landscape of phenomena. I will describe some examples of novel opportunities that can be
achieved through a fully optimized photon-in, photon-out interfacial x-ray “nanoscope” that could be realized through
the APS renewal.
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Workshop Agendas and Abstracts /X\
LV

Workshop 1:
Detectors for the Future

Wednesday, May 6, 2009, afternoon
Bldg. 402, Lecture Hall

Organizers:

Antonino Miceli and Patricia Fernandez (both APS)

The APS Renewal project will likely involve substantial investment in cutting-edge commercial x-ray detectors and in
a detector R&D program: about 80% of the APS Renewal beamline proposals and 100% of the science case reports
explicitly mention additional commercial detectors and/or the development of novel detectors as essential enablers for
science. The aims of this workshop are to present and refine the current plans for detector work in the context of the
APS Renewal and to explore current and future developments in x-ray sensors and detectors.

1:30-1:35
1:35-2:00
2:00 - 2:30
2:30-3:00
3:00 - 3:15
3:15-3:45
3:45-4:15
4:15 - 4:45
4:45 - 5:00

Welcome and Introduction

Detectors in the APS Renewal
Antonino Miceli and Patricia Fernandez, Argonne National Laboratory

X-ray Detector Developments at NSLS
Peter Siddons, Brookhaven National Laboratory

Radiation Detector Activities of the SLS Detectors Group
Beat Henrich, Paul Scherrer Institut

Coffee break

The Development of Large-area Picosecond-resolution Detectors
Henry Frisch, University of Chicago and Argonne National Laboratory

Microwave Kinetic Inductance Detectors for X-ray Science
Ben Mazin, University of California, Santa Barbara

Single- and Multi-element Drift Detectors for Specialized X-ray Applications
Shaul Barkan, SIl NanoTechnology USA Inc.

Open discussion
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WK1

Detectors in the APS Renewal

Antonino Miceli and Patricia Fernandez
Argonne National Laboratory

'The procurement and development of advanced x-ray detectors will play a significant role in the APS Renewal.

A wide majority of proposed Renewal beamline projects require state-of-the-art detectors, both from commercial
suppliers and resulting from R&D efforts. This talk will summarize the detector requests related to the APS Renewal
and will present a proposed strategy to address these requests.

WK1
X-ray Detector Developments at NSLS

Peter Siddons
Brookhaven National Laboratory

Several detector development projects are underway at Brookhaven National Laboratory’s NSLS. These projects are
close collaborations between NSLS and BNL’s Instrumentation Division, and address various synchrotron radiation
techniques such as diffraction, spectroscopy and imaging. They are all based on custom microelectronics for high-
density readout and custom sensors fabricated in-house at BNL. The talk will describe selected examples of these
developments.

WK1
Radiation Detector Activities of the SLS Detectors Group

Beat Henrich
Paul Scherrer Institut

Our research activities in novel X-ray detector systems which operate in single-photon counting mode have culminat-
ed in the foundation of DECTRIS (since 2006). Thus, this technology has become commercially available. Although
this split meant a significant loss of knowledge, we continued our developments and activities towards the successor
for the PILATUS chip, the Pilatus XFS. We will show the key features and the current status of this development.
Further developments of the MYTHEN strip sensors will be discussed.

Knowing the constraints of single photon counting detectors, we have started to develop integrating detectors which
will be inevitable for the upcoming XFEL experiments. In collaboration with DESY, the Universities of Bonn and
Hamburg, we have started the AGIPD (Adaptive Gain integrating Pixel Detector) project. We will show first results
and the current status of this project.

WK1
The Development of Large-area Picosecond-resolution Detectors

Henry Frisch
University of Chicago and Argonne National Laboratory

We are working on developing a photo-detector module to be used in applications requiring the coverage of areas

of many square meters with time resolutions less than 10 psec and position resolutions of less than a millimeter for
charged particles. The source of light for charged particle detection is Cherenkov light in a radiator/window; the am-
plification is provided by panels of micro-pores functionalized to act as micro-channel plates (MCPs). The good time
and position resolution stem from the use of an array of parallel 50-ohm transmission lines as the collecting anodes.
These anode strips feed multi-GS/sec sampling chips which digitize the pulse waveform at each end of the strip, al-
lowing a measurement of the time from the average of the two ends, and a 2-dimensional position measurement from
the difference of times on a strip, and, in the orthogonal direction, by the location of the strip. The module design is
constructed so that large areas can be “tiled’ by an array of modules.
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Microwave Kinetic Inductance Detectors for X-ray Science

Ben Mazin
University of California, Santa Barbara

Microwave Kinetic Inductance Detectors, or MKIDs, were invented in 1999 as a way to overcome the multiplexing
issues that many low temperature detectors face. After significant development, we now understand the devices well
and are confident we can design and fabricate detectors with the required sensitivity for ground and space science
from the millimeter to the X-ray. We have also made significant progress on readouts capable of being scaled to high
pixel counts. This talk is designed to be a tutorial on basic MKID technology, with a specific focus on the issues in-
volved in adapting MKIDs for use with a synchrotron X-ray light source.

WK1
Single- and Multi-element Drift Detectors for Specialized X-ray Applications

Shaul Barkan', Valeri D. Saveliev', Liangyuan Feng', Masanori Takahashi', Elena V. Damron', Carolyn R. Tull’,
and Nestor J. Zaluzec?

'Sl NanoTechnology USA, Northridge, CA 91324

2Electron Microscopy Center, Argonne National Lab, Argonne, IL 60439

A 50 mm? silicon drift detector (SDD) has been successfully applied to XRE, TXRE, synchrotron and microanalysis
applications. The SDD offers a large solid angle, excellent energy resolution, and high count rate performance. Several
unique 4-element systems have been developed and are currently being used in high count rate synchrotron applica-
tions at the Advanced Photon Source at Argonne National Laboratory. We are pursuing several approaches in its
development plan to achieve the required improved performance in the following areas.

A. One goal is to reduce entrance window thickness: a shallower entrance window results in a better peak-to-
background (P/B) ratio, as well as better low energy detection. A significantly improved P/B ratio, as well as
the detection of C, B and Be, has been achieved with the new shallower entrance window SDD.

B. A thicker device would enable the detector to be more efficient at higher energy. The current device’s thick-
ness is 0.35 mm with an efficiency of 0.28 and 0.08 for 20 keV and 30 keV, respectively. A recent experiment
with a 1-mm-thick SDD showed an efficiency that matches the theoretical values of 0.6 and 0.4 for 20 keV/
and 30 keV, respectively

C. The characterization of nanoscale materials at high spatial resolution has become increasingly important to
state-of-the-art research. A number of instruments ranging from Argonne’s sub-angstrom electron-optical
instrument to the X-ray Nanoprobe are capable of extraordinary resolution to study these materials. A special
50 mm? SDD with a larger solid angle for use in nanotechnology characterization was designed and assem-
bled into an SEM at the Electron Microscopy Center at Argonne National Laboratory.

D. A detector array, larger than 4 elements, is a current project at SNTUS. Several designs are being considered:
a monolithic device composed of seven elements, an array composed of single elements in a one vacuum tube,
and an array composed of multiples of 4-element devices.
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Workshop 2:

Optics for the Future
Wednesday, May 6, 2009, morning
Bldg. 402, Lecture Hall

Organizers: Albert Macrander, Yuri Shvyd'ko (both Advanced Photon Source)

The Optics for the Future Workshop will address hard x-ray optics developments worldwide that are likely to impact
beamline designs. The topics to be covered include K-B mirror focusing, influences on beam coherence, and high-
energy-resolution optics for inelastic x-ray scattering.

8:40 - 8:45 Introductory Remarks

8:45 -9:15 A Focusing Monochromator with Extreme Energy Resolution
Alexander Chumakov, ESRF, Grenoble, France

9:15-9:45 Development of Ultra-high-resolution X-ray Optics for Inelastic X-ray Scattering
at NSLS-II

Yong Cai, NSLS-1l, Brookhaven National Laboratory, USA

9:45-10:15 A Novel Spectrometer for Inelastic X-ray Spectroscopy with Micro-eV Resolution
Ralf Roehlsberger, DESY, Hamburg, Germany

10:15-10:45 Coffee Break

10:45 - 11:15 Precise Characterization of an X-ray Nanobeam
Hidekazu Mimura, Osaka University, Japan

11:15-11:45 Analysis of Coherence Properties of Third-generation Synchrotron Sources
and Free-electron Lasers
Ivan Vartaniants, HASYLAB/DESY, Hamburg, Germany

11:45 - 12:15 The Coherent Imaging Instrument at the Linac Coherent Light Source
Sébastien Boutet, LUSI/LCLS/SLAC, Menlo Park, CA

12:15 Workshop concludes

USERS WEEK 2009 — MAY 4-6, 2009



/XN
_V
WK?2

A Focusing Monochromator with Extreme Energy Resolution

V. G. Kohn', A. I. Chumakov?, and R. Ruffer?
"Russian Research Center, Kurchatov Institute, 123182 Moscow, Russia
2ESRF, B.P.220, 38043 Grenoble

We present a concept of focusing monochromator with very high energy resolution. Different to conventional optical
schemes, the device exploits not the angular but the spatial dispersion of synchrotron radiation. The monochromator

can reach an energy resolution of about 0.1 meV without significant loss of the spectral density of synchrotron radia-
tion [1].

The monochromator consists of four elements: a

PRI Crvstal S focusing parabolic refractive lens (PRL); a crystal
i in a symmetric reflection (Crystal S), which serves
O \ to keep the direction of the beam delivered by the
Source \& monochromator parallel to the incident beam; a

crystal in an asymmetric reflection to provide spatial
dispersion of radiation components with various
- energies (Crystal A); and a slit to select the chosen

band.
Crystal A Slit enersyban

To obtain high energy resolution, the distance from
the source to the lens should be as long as possible.
'The focal length of the lens should be chosen slightly smaller than the distance from the source. Then the lens focuses
the beam almost to infinity, providing a very long focal distance. Under these conditions, the lens acts as a collimator,
delivering the beam with a narrow angular spread. This strategy allows one to avoid losses of intensity, because the
divergence of the beam is smaller than the angular acceptance of the asymmetric refection. The asymmetric high-order
Bragg refection has the incidence angle larger than the exit one. This provides highest angular dispersion; i.e., waves
with various energies exit the crystal at most different angles.

Despite the long focal distance, the demagnification ratio is big, because the asymmetric reflection shortens the
distance to the focal point, providing a small focal spot. On the other hand, due to the high angular dispersion the
radiation components with various energies are focused at sufficiently far separated points. The highest possible energy
resolution is determined by the ratio of the size of the focus for a monochromatic wave to the spatial dispersion of the
radiation of different energies.

'The focusing monochromator operates with much smaller crystals than traditional monochromators. Therefore,

this approach is less sensitive to a possible inhomogeneity of the silicon lattice constant. It solves two tasks at once:
i.e., it prepares (i) high-monochromatic and (ii) focused radiation beam. Finally, the focusing monochromator allows
one to change the energy bandwidth by a simple change of the slit size. Thus, researchers obtain a useful option of,
e.g., a fast preview of phonon spectra with moderate resolution but high count rate before longer and more accurate
high-resolution measurements.

[1] V.G. Kohn, A.I. Chumakov, and R. Riiffer, Journal of Synchrotron Radiation, in press.

SPECIAL FOCUS ON APS RENEWAL 29



30

Workshop Agendas and Abstracts

WK2
Development of Ultrahigh-Resolution X-ray Optics for Inelastic X-ray
Scattering at NSLS-II

Yong Cai
National Synchrotron Light Source Il, Brookhaven National Laboratory, Upton, NY 11973

Inelastic x-ray scattering (IXS) is a powerful technique for studying dynamics and excitations in condensed mat-

ter systems and has been used to study excitations ranging from phonons in solids, to sound modes in liquids and
polymers, to plasmons in simple metals, to complex electronic excitations in strongly correlated electron systems. One
of the most important goals of the National Synchrotron Light Source II (NSLS-II) project is to achieve ultrahigh
energy and momentum transfer resolution for inelastic x-ray scattering. Currently, IXS spectrometers with practical
energy resolutions of > 1 meV used at all high-energy synchrotron sources rely on the use of Bragg back reflections
from perfect crystals. To pursue higher resolution, one has to use high-order Bragg reflections with higher photon
energies. This approach is incompatible with undulator-based synchrotron sources, which generate much less flux in

the high-energy spectral range.

In this paper, we present progress at NSLS-II in developing completely new x-ray optics based on the angular dis-
persion effect of x-ray diffraction in extremely asymmetric Bragg back reflections [1], and the current design of an
instrument that utilizes these optics for inelastic x-ray scattering experiments. These new optics provide the possibility
to achieve sub-meV energy resolution with sharp tails and high efficiency at medium energy range around 9 keV, and
therefore may provide a real alternative to current state-of-the-art Bragg back reflection optics for many medium-
energy synchrotron sources.

[1] Yu. Shvyd’ko et al., “X-ray Bragg diffraction in asymmetric backscattering geometry,” Phys. Rev. Lett. 97, 235502 (2006).

WK2

A Novel Spectrometer for Inelastic X-ray Spectroscopy with Micro-eV
Resolution

Ralf Réhlsberger

DESY, Hamburg, Germany

A new kind of spectrometer is introduced for inelastic x-ray spectroscopy that allows for energy resolutions in the
range of 10 peV and an energetic tunability of several meV. It relies on nuclear resonant scattering from fast rotating
samples. At rotational speeds of several 10 kHz, resonantly scattered photons experience an angular deflection of sev-

eral mrad off the primary beam. The deflected photons can be Doppler tuned by transverse displacement of the rotor
relative to the incident beam. This secondary beam can be used to probe vibrational dynamics with peV resolution.

Interesting areas of research are materials with low-energy excitations such as soft matter and artificially structured
materials. Recent experiments and future applications are discussed.
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Precise Characterization of an X-ray Nanobeam

Hidekazu Mimura

Graduate School of Engineering, Osaka University, 2-1 Yamada-oka, Suita, Osaka 565-0871, Japan

Phone: +81-6-6879-7286, Fax: +81-6-6879-7286
E-mail: mimura@prec.eng.osaka-u.ac.jp

1. Introduction

We present a remarkably accurate method for determining
the wave field of an x-ray nanobeam. The intensity profile of
a beam was directly measured over a range of three orders
of magnitude while its phase distribution was successfully
recovered using an iterative algorithm.

2. Precise measurement of intensity profile for x-ray
nanobeam
Hard x-ray beams having diameters smaller than 50 nm
have been achieved using several optical systems. Precise
measurement of the beam’s profile near the focus is becom-
ing quite difficult as spot sizes decrease. Thus, a method
for accurately analyzing the x-ray nanobeams is strongly
desired. Figure 1 shows a schematic diagram of the method
employed in this study. When an object is inserted in the
path of a propagating light beam, the wave field of the
light behind the object can be expressed as the sum of the
geometrical optics field and the diffraction field. In the case
under consideration, the latter is a cylindrical wave diffract-
ed from the edge of the object (see Figs. 1(b) and (c)). The
intensity of the cylindrical wave is assumed to be propor-
tional to the intensity of the propagating light that illumi-
nates the edge. The object inserted into the beam (see Fig.
1) had the microbridge structure shown in Fig. 2, which
was produced by electron beam deposition and focused ion
beam fabrication. This microbridge is made from platinum
and is approximately 2 pm wide and 50 um long. A pre-
cisely shaped x-ray mirror with an elliptical profile was used
to generate the x-ray nanobeam. The mirror was fabricated
using elastic emission machining in conjunction with an
interferometric surface profiler. An experiment to analyze
the line-focused beam using the microbridge structure was
performed at the 1-km beamline of SPring-8. Figure 3
shows a semi-logarithmic graph of the intensity distribu-
tion profile measured in the focal plane. The focal width was
found to be 32 nm and this value is in good agreement with
the theoretical value of 30 nm. The logarithmic plot shows
that the third-order satellite peak structures are distinguish-
able. Figure 4 shows the figure error profile calculated using
phase retrieval methods using only this intensity profile,
together with the one measured using an interferometric
surface profiler after mirror fabrication. The two profiles are
in good agreement within a 1-nm level, corresponding to
a wavefront error of 0.15 wave. The wave-field distribution
along the beam propagation direction near the focus can be
numerically simulated by calculating the Fresnel-Kirchhoff
integral, using the recovered surface profile shown in Fig. 4.
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Fig. 1. Schematic diagram of x-ray intensity distribution sensing
system using a microphase object (microbridge structure).
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Fig. 2. Microbridge structure used for measuring the intensity
distributions of a hard x-ray line focused beam.
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Fig. 3. Results of measuring intensity profiles in the focal plane
and phase retrieval calculations.
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Fig. 4. Comparison of measured and reconstructed figure error
profiles.
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3. Discussion

To date, methods of evaluating x-ray nanobeams have been preceded by the development of focusing optics. It is an-
ticipated that the method presented in this paper that uses a microbridge structure will be widely applicable for evalu-
ating all x-ray focusing devices. In particular, information concerning the complex phase and intensity near the focus
is indispensable for x-ray free-electron laser applications. This x-ray intensity measurement method, combined with
phase retrieval calculations, promises to contribute to a breakthrough in the development of advanced x-ray focusing
optics and various investigations of x-ray microscopy.

This research was partially supported by a Grant-in-Aid for Specially Promoted Research 18002009, 2009 and Global COE program, 2009 from the
Ministry of Education, Culture, Sports, Science, and Technology of Japan. The use of BL29XU of the SPring-8 was supported by RIKEN.

Reference:

H. Mimura, H. Yumoto, S. Matsuyama, S. Handa, T. Kimura, Y. Sano, M. Yabashi, Y. Nishino, K. Tamasaku, T. Ishikawa, K. Yamauchi, Direct
Determination of the Wave Field of an X-ray Nanobeam, Physical Review A 77,015812 (2008).

WK2
Analysis of Coherence Properties of 3-rd Generation Synchrotron Sources
and Free-Electron Lasers

I. A. Vartaniants
HASYLAB at DESY, Notkestr., 85, D-22607 Hamburg, Germany

A general theoretical approach based on the results of the statistical optical theory is used for the analysis of the trans-
verse coherence properties of the third-generation synchrotron sources and x-ray free-electron lasers (XFEL). Correla-
tion properties of the wavefields are calculated at different distances from an equivalent Gaussian-Schell model source.
For the third-generation synchrotron sources, analysis is performed for the parameters of the PETRA III storage

ring that is presently under construction. In the case of XFEL sources the decomposition of the statistical fields into

a sum of independently propagating transverse modes are used for the analysis of the coherence properties of these
new sources. A detailed analysis was performed for the parameters of the SASE1 undulator at the European XFEL.
Analysis has shown that only few modes contribute substantially to the total radiation field of that source.

WK2
The Coherent Imaging Instrument at the Linac Coherent Light Source

Sébastien Boutet
Linac Coherent Light Source, SLAC National Accelerator Laboratory

The Linac Coherent Light Source (LCLS), coming on-line in the summer of 2009, will become the first-ever hard x-
ray free-electron laser (FEL). It will utilize the 13-GeV electron beam from the last kilometer of the 3-km-long linear
accelerator on the site of the SLAC National Accelerator Laboratory to produce hard x-ray pulses containing 1012
photons or more in less than 100 femtoseconds. The incredible brightness of this new source will make it a unique tool
with unexplored discovery potential. Among the novel scientific opportunities hard x-ray FELs offer, the possibility
of obtaining snapshot images of single non-periodic objects, especially biological samples, has generated a tremendous
level of excitement. The extremely short duration and high intensity of the x-ray beam promises to minimize radiation
damage to biological samples during the pulse and to allow high-resolution imaging of non-crystalline objects.

In this talk, I will discuss the LCLS and the status of its commissioning as the start of operations rapidly approaches.
I will introduce the coherent x-ray imaging (CXI) instrument that will be used for single-shot imaging of any
nanoparticle, including biological samples beyond the radiation damage limit. I will discuss the optical design of the
instrument and how high-quality optics are crucial to the success of the experiments. Finally, I will discuss the scien-
tific capabilities of the instrument and the timeline for its availability.
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Workshop 3:
NextGen Nanopositioning: Engineering Robust Systems

for Manipulation and Analysis

Wednesday, May 6, 2009, afternoon
Bldg. 440 (Center for Nanoscale Materials), Rm. 105/106

Organizers: Russell Cook (EMC), Curt Preissner (APS)

'This workshop will bring together engineers and instrument scientists who are interested in advancing the state of the
art in nanopositioning. The goal of this workshop is to discuss the engineering developments that will facilitate the
goals of next-generation x-ray optics, nano-manipulation, and electron microscopy. It is meant to provide a forum for
the three major user centers at Argonne (APS, CNM, and EMC) to share ideas in nanopositioning.

Nanopositioning is a key enabling technology for x-ray scanning microprobes, x-ray nanotomography, and lensless
x-ray imaging. Advances in nanopositioning engineering need to be commensurate with expected advances in x-ray
optics and electron microscopy. The x-ray nanopositioning problem requires a large dynamic range with motions on
the order of millimeters, and future 10-nm optics will require 1-nm resolution. Nanotomography with 30 nm resolu-
tion requires a total rotational error of 15 nm. In addition, environmental control of the sample may be required from
cryogenic temperatures to hundreds of degrees. The engineering of nanopositioning systems is best accomplished with
a system-oriented approach, that is, through joint consideration of the mechanics, sensing, and controls aspects of the
design.

Advances in electron microscopy such as TEAM (transmission electron aberration-corrected microscopy), in which
sub—Angstrom (or 0.05 nanometer) resolution is becoming the norm, and the drive towards in situ experiments

(e.g., STM/TEM, tribology, and nanoindentation) will require nanopositioning systems to push towards picometer
(per hour) stability, accuracy, and repeatability in very small volumes. Further, the necessity for nanoscale studies of
other analytical techniques and the trend of shrinking scales in nanomaterials manipulation will require new solutions
in nanopositioning.

1:30 - 1:35 Welcome and Introduction

1:35-2:15 Nanopositioning Techniques Development for Synchrotron Radiation Instrumentation
at the APS: The Present and the Future
Deming Shu, Advanced Photon Source, Argonne National Laboratory

2:20-3:00 Robust Broadband Nanopositioning: A Control Systems Perspective
Srinivasa M. Salapaka, University of lllinois at Urbana-Champaign

3:05-3:30 Coffee break

3:30-4:10 MEMS Technology for Manipulation and Control of Optical Signals
Daniel Lépez, Center for Nanoscale Materials, Argonne National Laboratory

4:15 - 4:55 A High-stability TEM Sample Stage with Five Degrees of Freedom
Thomas Duden, National Center for Electron Microscopy,
Lawrence Berkeley National Laboratory

5:00 Adjourn
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WK3
Nanopositioning Techniques Development for Synchrotron Radiation
Instrumentation at the APS: The Present and the Future

Deming Shu
Advanced Photon Source/AES, Argonne National Laboratory, Argonne, IL 60439

At the new synchrotron radiation sources and beamlines, such as the renewal project at the Advanced Photon Source
(APS), high-precision positioning techniques present a significant opportunity to support the state-of-the-art syn-
chrotron radiation research. Meanwhile, the requirements for instrument positioning performance and capabilities,
such as resolution, dynamic range, repeatability, speed, and synchronization of multiple axes, are exceeding the limit
of commercial availability. In this presentation, I will discuss the nanopositioning techniques developed for the APS/
CNM hard x-ray nanoprobe and APS/XOR high-resolution monochromators. Future nanopositioning techniques to
be developed for the APS renewal project will also be discussed.

WK3
Robust Broadband Nanopositioning: A Control Systems Perspective

Srinivasa M Salapaka
University of lllinois, Urbana-Champaign

This talk will focus on control systems theoretic analysis and synthesis of new modes of operations that significantly
expand the range of performance specifications of nanopositioning systems. We will present a systems theory frame-
work to study fundamental limitations on the performance of these devices. In particular, we will characterize the
inherent fundamental trade-offs between resolution, tracking-bandwidth, and reliability specifications on position-
ing capability of these devices. In addition to determining fundamental limitations, this framework leads to a better
understanding of existing technology and in overcoming some technological hurdles that were previously thought to
be fundamentally limiting.

The analysis is done in robust optimal-control setting with various architectural constraints that arise typically in
nanopositioning systems imposed on both one- and two- degrees of freedom control-design frameworks. We show
design strategies for improving some common existing nanopositioning systems, making nanopositioning systems
insensitive to modeling uncertainties, and feedback designs that achieve simultaneously high bandwidth, resolution
and robustness to modeling uncertainties.

The outcomes of this research will be corroborated with experimental results on a nanopositioning system of an
atomic force microscope. Experimental results that demonstrate significant improvements in bandwidth, resolution
and robustness over common existing designs will be presented.

WK3
MEMS Technology for Manipulation and Control of Optical Signals

Daniel Lépez
Center for Nanoscale Materials, Argonne National Laboratory, Argonne, IL 60439

A variety of applications in micro- and nanotechnologies require mechanical systems capable of very complex opera-
tions with high precision and multiple degrees of freedom. Micro-electro-mechanical systems (MEMS) enable these
applications by combining excellent mechanical and optical properties with dense integration of multiple actuators
and sensors on a single chip.

In this talk I will describe the fundamentals and current engineering challenges of this technology. I will present
several examples of MEMS devices to illustrate the common recurrent themes in device design. These are elastic ele-
ments and pure-flexure design (with no mechanical surface contact between moving parts), electrostatic actuation and
residual stress engineering. I will attempt to show different ways these themes can manifest themselves and different
approaches that can be used in understanding, modeling and utilizing them. Furthermore, I will describe examples of
MEMS devices under development at Argonne National Laboratory for x-ray scanning control and manipulation.
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WK3
A High-stability TEM Sample Stage with Five Degrees of Freedom

Thomas Duden, Andreas Schmid
National Center for Electron Microscopy, Lawrence Berkeley National Laboratory, Berkeley, CA 94708

In the framework of the TEAM project (Transmission Electron Aberration-corrected Microscope), a high-stability
stage was developed. It provides three translational and two rotational degrees of freedom. The stage is a retrofit to a
commercial TEM and had to satisfy spatial constraints given by the instrument. Its piezo drives allow excellent fine
control of the position, which is essential to obtain a large field of view in, for example, a tomographic series. Vibration
measurements allowing a comparison with the commercially available side entry stage will be presented, together with
recent results that illustrate the usability of the approach. Also, methods for position detection will be discussed.
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Workshop 4:
High-Speed Imaging Opportunities with X-rays

Wednesday, May 6, 2009
Bldg. 402, Rm. E1100/E1200

Organizers: Kamel Fezzaa, Wah-Keat Lee, and Jin Wang (all APS)

High-speed imaging with visible light is a well-established technique. However, in many cases, visible light has severe
limitations due to reflection, refraction, and multiple scattering. Especially in optically dense systems, visible light
lacks penetration ability as opposed to x-rays.

Synchrotron-based ultra-high-speed x-ray imaging is being developed at the APS, utilizing the unique parameters of
this source. It is proving to be a unique and invaluable tool to image the internal structures of optically opaque systems
with micrometer spatial resolution and sub-nanosecond temporal resolution. Currently, we can take x-ray edge-
enhanced images of fuel jets with 100-ps exposure times, see the motion of the internal parts of a stainless steel fuel
injector, and make x-ray movies of the pinch-off singularity water droplets, all at a rate of tens of thousands of frames
per second.

The fundamental insights this technique can provide are not otherwise possible and are much needed in many
research areas dealing with ultra-fast and transient phenomena. Examples include dynamics of multiphase flows;
materials behavior under extreme conditions, such as impact or explosion; complex materials mechanics; self-propa-
gating reactions in multi-component systems; and many other applications that are of major importance to transpor-
tation safety, national security, energy efficiency, emissions control, and development of new materials.

To promote the science that can be facilitated with the ultrafast technique at the APS, the goals of this one-day work-
shop are (1) to present the current capabilities this nascent technique, (2) to examine its applicability and explore its
utility to existing unsolved scientific questions in a much broader community, and (3) to discuss new possibilities and
identify directions for future developments.

8:55-9:05 Welcome and Introductory Remarks
Organizers

9:05 -9:35 Current State of X-ray High-speed Imaging at the APS
Kamel Fezzaa, Advanced Photon Source

9:35-10:15  Current Challenges and Potential Application of High-speed X-ray Imaging
to the Investigation of Solidification and Crystallization Dynamics
Ralph Napolitano, lowa State University.

10:15-10:35 Coffee break

10:35-11:15 Life and Death of a Drop: What We Can Learn about Dynamic Singularities?
Sidney Nagel, University of Chicago

11:15-11:55 Gas-mediated Impact Dynamics on a Fine-grained Granular Bed
John Royer, University of Chicago

11:55-1:20 Lunch
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1:20 — 2:00 Correlating the Spray Primary Breakup Process for DI Automotive Injectors
to Their Design
Ming-Chia Lai, Wayne State University, Michigan

2:00 - 2:40 Study of Diesel Spray Primary Breakup
Rolf Reitz, University of Wisconsin, Madison

2:40 - 3:20 Fracture and Friction at Microscopic and Macroscopic Scales
Michael Marder, University of Texas, Austin

3:20 - 3:40 Coffee break

3:40 - 4:20 Investigation of Dynamic Failures in Metals using High-speed Photography
and Infrared Thermograph
Guruswami Ravichandran, California Institute of Technology

4:20 - 5:00 Title unavailable
Steve Heister, Purdue University, Indiana

WK4

Life and Death of a Drop: What We Can Learn about Dynamic Singularities?
Sidney Nagel

The University of Chicago

The exhilarating spray from waves crashing into the shore, the distressing sound of a faucet leaking in the night, and
the indispensable role of bubbles dissolving gas into the oceans are but a few examples of the ubiquitous presence
and profound importance of drop formation and splashing in our lives. They are also examples of a liquid changing
its topology. Although part of our common everyday experience, these transitions are far from understood and reveal
delightful and profound surprises upon careful investigation. For example in droplet fission, the fluid forms a neck
that becomes vanishingly thin at the point of breakup. This topological transition is thus accompanied by a dynamic
singularity in which physical properties such as pressure diverge. Singularities of this sort often organize the overall
dynamical evolution of nonlinear systems. I will first discuss the role of singularities in the breakup of drops. I will
then discuss the fate of the drop after it falls and eventually splashes against a solid surface.

WK4
Gas-Mediated Impact Dynamics in Fine-Grained Granular Materials

John R. Royer’, Eric I. Corwin’, Bryan Conyers', Maria-Luisa Cordero?, Mark L. Rivers?, Peter J. Eng'?,
and Heinrich M. Jaeger’

! James Franck Institute, Department of Physics, The University of Chicago, Chicago IL 60637

2 Consortium for Advanced Radiation Sources, The University of Chicago, Chicago IL 60637

*Departmento de Fisica, Universidad de Chile, Santiago, Chile

When a heavy sphere is dropped onto a bed of loose, fine sand, a large, focused jet of sand shoots upward. Experi-
ments at reduced air pressure reveal that the jet in fact consists of two components: a wispy, thin jet that varies little
with pressure followed by a thick air-pressure-driven jet. To observe the initial stages of jet formation inside the gran-
ular bed, we employ x-ray radiography using the high-intensity beams available at the Advanced Photon Source. This
technique allows us to image the motion of the sphere through the bed and measure local changes in the bed packing
density below the sphere. The x-ray movies reveal that gravity-driven collapse produces the initial, thin jet, while the
compression of an air pocket trapped below the surface drives up the thick jet. We also find that the interstitial air
alters the compressibility of the sand bed. In vacuum a visible compaction front precedes the ball, while at atmospheric
pressure the sand flows out of the way of the ball, behaving more like an incompressible fluid.
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Workshop 5:
Imaging Structural Hierarchy in Biological Systems

Wednesday, May 6, 2009
Bldg. 401, Rm. A1100

Organizers: Barry Lai (APS), Lee Makowski (Argonne National Laboratory), Gayle Woloschak
(Northwestern University)

X-ray imaging of biomolecular systems is undergoing a revolution that will transform our understanding of biological
systems at multiple length scales. X-rays have the unique capability of probing biological structures from centimeters
to nanometers, often with thick samples and even in three dimensions. This workshop is designed to bring together
researchers in the use of X-ray imaging to discuss the methods development and facilities upgrades that will be
needed to apply the full range of imaging modalities to biological systems. The purposes of this workshop are (1) to
highlight multi-length scale studies made possible by X-ray techniques, (2) bring together researchers to build the life
science case for the APS Renewal, and (3) to explore synergy with other imaging modalities.

9:00 - 9:05 Welcome

9:05-9:35 X-ray Imaging Overview
Janos Kirz, Advanced Light Source

9:35-10:05 Biomedical Applications of Cellular and Structural Imaging
Lee Makowski, Argonne National Laboratory

10:05 - 10:35 Visualizing and Quantifying Fluid Flow and Respiratory Structures in Insects
Jon Harrison, Arizona State University

10:35-11:00 Coffee Break

11:00 - 11:30 X-ray Imaging of Bones, Teeth, and Regenerates
Thomas Diekwisch, University of lllinois at Chicago

11:30 - 12:00 Approaches to Molecular Imaging with X-ray Scatter-based Micro-CT
Erik Ritman, Mayo Clinic

12:00 - 1:30 Lunch

1:30 - 2:00 Multi-modality Image Analysis in Breast Cancer
Maryellen Giger, The University of Chicago

2:00 - 2:30 From the Cell to the Globe: What Synchrotron-based X-ray Microanalysis
of Marine Bacteria and Protists can Tell Us about Biogeochemical Cycles
Stephen Baines, Stony Brook University

2:30-3:00 Inorganic Physiology: Subcellular Elemental Distributions in Normal
and Pathological States
Tom O’Halloran, Northwestern University

3:00 - 3:20 Coffee Break
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3:20 - 3:50
3:50 - 4:20
4:20 - 5:00

Probing Alterations in Bone Structure and Composition in Osteoporosis
using Synchrotron-based Imaging
Lisa Miller, Brookhaven National Laboratory

Coherent Diffraction Imaging of Biomaterials
lan McNulty, Argonne National Laboratory

Discussion and Wrap-up

AN
\VARY/
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Workshop 6:
Synchrotron Radiation in Chemical Science

Wednesday, May 6, 2009
Bldg. 401, Rm. A5000

Organizers: Karena Chapman (Advanced Photon Source, Argonne National Laboratory),
Karen Mulfort (Argonne National Laboratory), Randall Winans
(Advanced Photon Source, Argonne National Laboratory)

Overview

Applications of synchrotron radiation to problems in chemical science span the breadth of the characterization tools
available at the Advanced Photon Source, and often a given chemical conundrum can only be addressed by combining
the insights gleaned from several different methods. This workshop will highlight the opportunities for synchrotron-
based research in chemical science by demonstrating its relevance in two topical areas of research: metal-organic
hybrid materials and catalysis.

Metal-Organic Hybrid Materials

Metal-organic hybrid materials, which include metal-organic frameworks (MOFs) and related supramolecular
systems, are an exciting, rapidly expanding area of materials research. This intense current interest is due to both the
virtually unlimited variety of materials systems that can be synthesized and the wide range of potential applications
afforded by their functional material properties, ranging from gas storage to catalysis to drug delivery. Central to the
development of these metal-organic materials and associated technologies is the detailed characterization of new
materials and the in-depth exploration of the structure-property relationship. In this endeavor, unsurpassed insights
have been gained from the characterization tools available at the APS, which span microcrystallography and structural
solution from powder, experiments under non-ambient conditions, small-angle scattering, pair distribution function
methods, spectroscopy, and dynamics. As such, synchrotron-based techniques promise to play a decisive role in the
advancement of metal-organic hybrid materials.

Catalysis

A grand challenge in energy research is the understanding of the mechanisms and dynamics of catalyzed transfor-
mations. Synchrotron X-ray approaches, when combined with other methods, can provide basic insight into these
problems. Measurements in reaction environments are necessary but can be difficult because of the complex nature of
the catalyst structure, high temperatures and pressures, and multiple reaction phases. A key issue is the characteriza-
tion of solid catalysts with spatial resolution at length scales from macroscopic to atomic levels. In addition, temporal
resolution needs range from fast electron transfer in the pico- and subpicosecond range to reaction rates in millisec-
onds to seconds. Spectroscopy has been the main tool in these studies and this workshop will explore new approaches
in spectroscopy and expand to techniques in scattering.

8:55 -9:00 Welcome

9:00 - 9:30 Complex Perovskites: Mining the Periodic Table for New Functional Materials
Patrick Woodward, Department of Chemistry, Ohio State University

9:30-10:00 Discovering Porous Metal-organic Framework Materials: From Micro-crystals
to Methane Storage
Shengquin Ma, Chemical Sciences and Engineering Division,
Argonne National Laboratory

10:00 — 10:30 A Multi-crystal Approach to Structure Solution and Refinement
Gavin Vaughn, European Synchrotron Radiation Facility
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10:30 — 10:45
10:45 - 11:15
11:15-11:45
11:45 - 1:15
1:15 - 1:45
1:45-2:15
2:15-2:45
2:45 - 3:15
3:15-3:45
3:45 - 4:15
4:15 - 4:45
4:45 - 5:15
5:15

Coffee Break

Watching Chemistry Happen in Real Time: Insights from the PDF Method
Peter Chupas, X-ray Science Divsion, Argonne National Laboratory

Solid State NMR and Pair Distribution Function Studies to Investigate the Changes
in Short-range Order in Silicon Anodes
Baris Key, Department of Chemistry, Stony Brook University

Lunch

Elucidating Structure-property Relationships in Functional Metal-organic Frameworks
Using in situ Synchrotron-based Powder Diffraction
Gregory Halder, Materials Science Division, Argonne National Laboratory

High-throughput, in situ, and operando XAFS Spectroscopy from the Soft
to the Hard X-ray Range
Sven Schroeder, University of Manchester

The Use of in situ Synchrotron-based Spectroscopic Methods to Characterize
Functional Metal-organic Framework Materials

Carlo Lamberti, Department of Inorganic, Physical and Materials Chemistry,
University of Turin

Coffee Break

Sulfur Poisoning in Rh, Ni Catalysts for Steam Reforming of Liquid Hydrocarbons
Yongshen Chen, Pennsylvania State University

In situ X-ray Scattering and Spectroscopy Studies of Model Nanocatalysts
under Realistic Reaction Conditions: A New Approach for Understanding Size/
Shape Effects on Catalytic Performance

Sungsik Lee, Chemical Sciences and Engineering Division,

Argonne National Laboratory

Characterization of Photoactive Self-assembled Structures via Solution Small-
and Wide-angle X-ray Scattering
Josh Vura-Weis, Department of Chemistry, Northwestern University

Combining Molecular Dynamics Simulations and Solution-phase X-ray Scattering to

Investigate Conformational Changes
Kristy Mardis, Department of Chemistry and Physics, Chicago State University

Workshop concludes
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WK6
Complex Perovskites: Mining the Periodic Table for New Functional Materials

Patrick M. Woodward
Department of Chemistry, Ohio State University

Compounds that belong to the perovskite family exhibit remarkable versatility, both in terms of their chemical
composition and their physical properties. Not only can one prepare perovskites containing elements ranging from
hydrogen to plutonium, the physical properties of perovskites are incredibly varied. Superconductivity, ferrolectricity,
piezoelectricity, ferromagnetism, antiferromagnetism, colossal magnetoresistance, half-metallicity, proton conductiv-
ity—all these properties can be found in members of the perovskite family. In this talk I will discuss our studies of
complex perovskites with a particular emphasis on atomic ordering over various length scales and its impact on the
structure and properties of these materials.

WK6
Discovering Porous Metal-organic Framework Materials: From Micro-crystals
to Methane Storage

Shenggian Ma
Chemical Sciences & Engineering Division, Argonne National Laboratory

Porous metal-organic frameworks (MOFs) represent a new type of functional materials and have recently been con-
sidered one of the most promising candidates for hydrogen and methane storage applications. Because the uptake of
hydrogen or methane is usually directly related with the size, shape and volume of the pores as well as the geometry
of the secondary building units and topologies of the porous MOF materials, it is thus of crucial importance to obtain
the detailed structures of the porous MOF crystals. Albeit of their excellent hydrogen and methane storage perfor-
mances, porous MOF's with huge unit cells or with small crystal sizes usually suffer from their structural determina-
tion when utilizing a Mo/Cu radiation source. Fortunately, with the assistance of synchrotron micro-single-crystal
X-ray diffraction at ChemMatCARS beamline of APS, the structures of some porous MOFs with high hydrogen
and methane uptakes have been determined, which will be very helpful for future design of porous MOF's with even
higher hydrogen and methane storage capacities.

WK6
Solid State NMR and Pair Distribution Function Studies to Investigate the
Changes in Short-range Order in Silicon Anodes

Baris Key', Rangeet Bhattacharyya', Mathieu Morcrette?, Vincent Seznec?, Jean-Marie Tarascon?,
and Clare P. Grey!

'Department of Chemistry, SUNY at Stony Brook, Stony Brook, NY, 11794

2LRCS, Universite de Picardie Jules Verne, 80039 Amiens, France

Conventional diffraction techniques provide limited information for systems that involve structural changes in
amorphous phases, such as those that occur during the electrochemical lithiation of crystalline silicon in a lithium-ion
battery (LIB). Local structure techniques are ideal methods for investigation of these reactions. Magic angle spin-
ning solid state nuclear magnetic resonance (MAS-SSNMR) spectroscopy is an extremely useful tool to investigate
the local structure of a wide range of crystalline and amorphous materials. Additionally the use of the high energies
available at synchrotron sources has opened up the possibility of going beyond traditional diffraction experiments and
performing high-resolution scattering experiments, such as pair distribution function (PDF) analysis, which can yield
extremely valuable short-range structural information from complex materials [1]. Here, we demonstrate the use of
various local structure probes, such as iz sizu and ex sizu solid state NMR and i# situ and ex situ X-ray PDF and analy-
sis, to understand the structural changes that occur for bulk and nanoparticulate silicon anodes.

Crystalline silicon undergoes a crystalline-to-amorphous phase transformation in the beginning of the first discharge
when it is cycled versus Li metal, as can be seen in Figure 1 (I). The long plateau at 0.09V vs. Li is associated with the
formation of a lithiated amorphous (a)-Li Si. Larger particles then crystallize to form the metastable intermetallic
Li, Si, phase [2]. We investigated the lithiation of crystalline Si and the formation of the lithiated amorphous phase
during the plateau between I and II and the formation of the recrystallized intermetallic metastable phase Li, Si,

at the end of discharge (III) by ex sizu MAS-SSNMR. The discharged electrode spectra were compared with model
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intermetallic compounds in Li-Si system in order to
provide Li and #Si peak assignments (Figure 2). The data
obtained were compared with the in sizu static SSNIMR
data of an actual working LIB, which allowed the lo-

cal structures present in the first amorphous phase to be
determined and then the changes in local structure to be
followed. In addition, the iz sifu method revealed a second
process at low voltages, which was not visible by using ex
situ methods [3]. The combination of the two techniques
was then used to investigate the processes that occur dur-
ing the first charge and second discharge.

Ex situ PDF analysis of model intermetallic compounds
and Si electrodes stopped at various charged/discharged
stages showed changes in Li-Li, Si-Si and Li-Si distances,
and could be used to follow the transformation from
crystalline to amorphous phases (Figure 3). By compar-
ing the interatomic distances with those found in model
intermetallic compounds, local structures for the amor-
phous phases were proposed. The local structures of the
deep discharge and the charged stages were identified. A
preliminary fitting was performed to explain the change in

Si-Si correlations (2.35 and 3.8A).

This work was supported by the Assistant Secretary for Energy Efficiency and
Renewable Energy, Office of FreedomCAR and Vehicle Technologies of the
U.S. DOE under Contract No. DE-AC03-76SF00098, via subcontracts

No. 6517748 and 6517749 with the Lawrence Berkeley National Laboratory.

This work has benefited from the use of the Advanced Photon Source (APS)
at Argonne National Laboratory. We thank Peter Chupas, Karena Chapman
and Evan Maxey for their help in data collection at the APS.

References:

[1] T.Proffen, SJ.L. Billinge, T. Egami, D. Louca, Z. Kristallogr., 218,
132, 2003.

[2] M. N. Obrovac, L. Christensen, Electrochem. Solid-State Lett., 7,
A93,2004.

[3] B.Key, R. Bhattacharyya, M. Morcrette, V. Seznec, J.-M. Tarascon,
C.P. Grey, J. Am. Chem. Soc., in press Figure 1. Electrochemical
profile of first discharge of crystalline silicon and carbon SP
composite electrode vs. Li.
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Figure 1. Electrochemical profile of first discharge of crystalline silicon
and carbon SP composite electrode vs. Li.
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Figure 2. 7Li MAS-SSNMR spectra of selected Li-Si intermetallic
compounds and Si electrodes stopped at different discharge states
(approx. discharge voltage denoted in vertical sequence in legend).
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Figure 3. Pair distribution function analysis of crystalline Si (Si 325)
and Si electrodes stopped as different discharge states.
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WK6
Elucidating Structure-property Relationships in Functional Metal-organic
Frameworks using in situ Synchrotron-based Powder Diffraction

Gregory J. Halder
Materials Science Division, Argonne National Laboratory

The targeted development of functional metal-organic frameworks, is not only a synthetic challenge but requires
parallel characterization of their often complex structure-property relationships. Among strategic efforts to introduce
specific function to these materials, the incorporation of spin crossover switching centers allows for the development
of new advanced functional materials for molecular-scale electronic switching and sensing devices. Recent work has
shown that such spin crossover framework materials (SCOFs) can incorporate an additional level of functionality
associated with their often porous natures; guest sorption/desorption in such systems, and the associated perturbation
of the iron(II) coordination environment and framework structure, provide a unique avenue for investigating the spin
crossover phenomenon in the solid state. To this end we have developed i sizu synchrotron-based powder diffraction
methods to simultaneously probe their guest-dependent structural and magnetic properties.

WK6
High-throughput, in situ, and operando XAFS Spectroscopy from the Soft

to the Hard X-ray Range

Sven L. M. Schroeder
The University of Manchester, School of Chemical Engineering and Analytical Science & School of Chemistry,
Manchester, M60 1QD

Using commercially available standard technologies we have developed flexible, inexpensive and modular platforms
for high-throughput in situ/operando XAFS of catalytic processes in (i) homogeneous liquid phase and in (ii) hetero-
geneous gas-solid systems. Automated gas and liquid handling of feedstocks via reaction/formulation vessels to the
in situ XAFS reactor stages facilitates measurements on air- o