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A. Science Case

The QAS beamline is proposed as part of the stibeamlines (see Appendix A) for Chemical and Eperg
Sciences (CES). The CES community includes scisriism academia, national laboratories and inglustr
who work in catalysis, electrochemistry and enecgpversion/storage fields. The key scientific drve
these groups share are: the atomistic real-timengtehding of the mechanism of chemical reactions a
catalyst deactivation, the design of new or mofeieht chemical processes, the more efficient glesif
high-activity, high-selectivity, and low-cost catsis, development of renewable energy conversion
technologies, storage of energy products, and Iplertdevices for energy delivery. The main scieatifi
challenges in these closely related sciences dl@ediin the Appendix A. It is the goal of thisgposal to
overcome the present inability to study multipleles of spatial and temporal metrigs situ and in
operando, and measure fast kinetics (faster than with e tiesolution) of working catalysts. Among the
multiple scales of spatial and temporal metricsmention typical dimensions characterizing atominds

0.2 nm, nanoparticle catalysts: sub-nm to nm, sdppaterials: nnmam, reactor compartments: mm to cm.
The practical time scale of most chemical reactimmes from 0.1ms to s, nucleation and growthsrate
from s to min, reaction rates s to h, and cataliggiradation rates from minutes to days to montisS Q
beamline will be used for studies of the large £la$ model nanoscale systems undergoing real-time
chemical and physical transformations, includingsth with characteristic times of the order of 10€ an
less.Due to the large demand for high time resolutiapegiments in CES and environmental sciences
where the real catalytic systems, dilute soil aratew contaminants, low dimensional electronic dewjc
have to be studieh situ andoperando, a dedicated, high-flux beamline (TRS) is alsgopsed that will be
optimized specifically for high time resolution expnents with dilute or low dimensional materials.

The planned in situ investigations will significenimpact CES research because they allow to inyatst
the mechanisms of chemical reactions and their bgrece on the complex, dynamic interactions of
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reactants and products with both nanocatalyststtaeid support. Although there is a number of beaedi

in the European synchrotrons that combine techsifmrestudying gas-solid interactions (e.g., XRD #R,
Quick scanning EXAFS and IR), the proposed beamiittiebe the first in its class due to: 1) the chility

to run combined, synchronous measurements of XAKSD, Diffraction Anomalous Fine Structure
(DAFS), Diffuse Reflectance Infrared Fourier Tramsi SpectroscopyDRIFTS) with the analysis of the
gas phase by Mass Spectrometry (MS), and 2) theadlyedesigned infrastructures for situ research in a
number of closely related fields in chemical engnireg, environmental science and materials sciefise.
described in the Table | of the Appendix A, thesesirong synergy between the science done at the QA
beamline and the other beamlines of the suite (X8NEhigh-energy X-ray diffraction/PDF,
XPS/NEXAFS). Together, these beamlines will helfves@ complex problem of multiple scales that are
intrinsic to the spatial and temporal metrics af #tructure and dynamics of catalytic systéribe aim is

to supply the users with the world-best experimeptssibilities for measuringn situ physicochemical
processes in a broad range of materials using pleildiomplementary techniques, including those that
be done with 10ms time resolution. This requireg@aellent performance of the beamline making ogkim
use of NSLS-Il source, state of the art QEXAFS nobmomator, specialized infrastructure for in situ
experiments, appropriate sample preparation feesliand experienced staff for user support. Thaditia
will open up new possibilities for academic andusiial sciences.

The new scientific opportunities available at the QAS beamlineinclude the following examples:

. Investigations of structure, kinetics, dynamics and reactivity during the in situ transformations with
down to 10 mstime resolution

Chemical transformation$Studies of chemical reactions in real time with-second time resolutions offer
many rewards in catalysis science (since manyioratiirnover rates are of the order of a few sesad
less) and are very challenging experimentally. bést time resolution needed in the studies of hcano-
heterogenous catalysis is diffusion limited to b@.ms. Until the invention of Quick scanning ExteddX-

ray Absorption Fine-Structure (QEXAFS) technidumost alternatives to the real time approach were
variousex situ methods of physical or chemical trapping of reactintermediates with the side effect of
altering reaction pathways which are temperatupeddent. The first in US dedicated QEXAFS facility
was developed by scientists from NSLS, BNL-Chemjséis well as Yeshiva University, University of
Delaware and Lehigh University, and is now avdédor users of Synchrotron Catalysis Cotism >
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of bulk and surface structure and
dynamics in nanocataly:

This instrument allows the acquisition of time-fesd data in a variety of systems relevant to
electrochemical, photochemical, catalytic, matsriahd environmental sciences (Fig. 1). At the QAS,
projected time resolution will be improved to 10,mas we intend to use an optimized version of the
QEXAFS monochromator used at the SuperXAS beandinéghe Swiss Light Source. In addition to
analyzing reaction product online using mass speatry (MS) synchronously with the XAFS
measurements we will measure catalyst-adsorbaggattons in real time with XAFS using DRIFTS
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technique, the combination pioneered by M. Newte8RF). SCC members (N. Marinkovic, Q. Wang and
A. Frenkel have built and successfully tested a icded instrument (Fig. 2) for combined
XAFS/DRIFTS/MS measurements. It will be ready feewat the NSLS-II.

Glass transition, nucleation and crystallizatiomdgts: In view of the engineering challenges identifigd b
National Academy of Engineering, glass will remairkey high-tech material to solve major problems of
various technologies, provided we can understaneletions between glass-forming ability, compasitl
trends of physical properties and glass structiievel products, like self cleaning, heat absorbamgl
intelligent, switching glasses form a growing markased on embedded nanoparticles. Understanding of
atomic dynamics during heating/cooling (quenchiofjlass-forming systems remains a key challenge of
condensed matter physics and applications of gldss glass transition is still not well-understdaom an
atomistic point of view. Numerous theories are psmtl and a large number of researchers are actively
studying this problerfiput the real atomic/molecular dynamics associeié liquid to glass transition and
relaxation are not well understood to date. Expenital verification of theoretical predictions idfdult,
because of the lack of suitable techniques capgalfldlow the temperature-driven structural changethe
nanoscale. The recent development of QEXAFS tecienaj X18B beamline at NSLS has made possible

the observation of the temperature-driven changethé —

short-range structure of network glasses usingafin g i .

temperature ramp as in differential scanning caletty | & ] @\ -

(DSC) experiments. Preliminary heating experime| =< 26 \ N o~

performed by the Lehigh research group demonstr{ = o.s LT S |

atomic dynamics at glass transition to be essénti ;ﬁ% A W . SO vl
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community will utilize the QAS beamline for tempene _ | el | |
dependent, simultaneous QEXAFS/XRD/IR measurems Ef AR " | b

in order to establish changes in molecular strectof = == ——in Tg! |
glasses. So far researchers have been able te pneby = Shelf C
region only around J (o- relaxation). With 10-ms| 2 i
QEXAFS, they can make the measurements in ~ms { 2 Edge 7|
range, and begin probing the origin(®felaxations as well § Betfon
(Fig. 3). Nucleation and growth of nanocrystalgjiasses T

are at the heart of the synthesis of glass ceraffioics| Figure 3. Top: The relaxation function in a glas,
various technological application ranging from natatile SBr(‘;t’t"c‘)"r:‘]Q tThﬁeaF;f’/gzcz “;nee?“"'bg?mth‘;"eénte"r’:e-
optical me_mory devices _to bioactive implants. Iandsca.\pe slice samgrj)led at dgi)f/ferent temperatJJ)r/e,
understanding of the dynamics of the short-rangecstral | \ith indication (in boxes) of the form of the
changes associated with the ceramming process plkgg | minima in each energy range.

role in controlling the physical properties of thesulting
glass-ceramics wherna situ time-resolved QEXAFS spectroscopy at high tempeeamay become the
technique of choice for studying such phenomeradaahic scale.

Environmental ScienceMembers of the research group of Prof. Donald &pd4lJ. Delaware) have
conducted studies on the kinetics of rapid chenpecatessed on mineral surfaces and soils, e.gtisoy
redox and precipitation reactions. Since many ekéhchemical processes occur on very short timessca
(seconds and minutes), spectroscopic techniquésfagt data acquisition time like QEXAFS, in whighe

can follow the kinetics of rapid reactions at thelegular level, are the ultimate way to study risct
mechanisms at environmental interfaces. AdditignalEXAFS is particularly useful for environmental
applications because it is an in situ techniquethnd one does not need to alter natural sampjesying

or placing under high vacuum. The ability to captrapid reaction processes involving sorption, xedod
precipitation phenomena is important since in maages, a large part of the reaction processes are
completed before measurements can be made ustigamal batch and flow techniques. Consequently,
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our new possibilities enable to gain important naegstic information and to verify the correct modi
the chemical kinetic parameters.

Il. In situ studies of real catalysts by combined absorption and scattering techniques

Chemical transformationsXAFS and XRD techniques provide complementary nmfation about the
structure of catalytic materials: XRD is effective pure or mixed crystalline materials while XAFS
provides short range order structural featuregsss brdered, nanosized or amorphous matehaésidition,
XAFS also gives element specific information abthet electronic properties of the element being pdodt

its absorption energy. Finally, the DAFS technigliscussed in greater detail below allows the asseiss

of the local structure in ordered species withirtetmgeneous samples, for those systems in which
ensemble-averaged XAFS data analysis would be coatgdl by different forms of the resonant element.
These three methods have been developed and advamiependently from each other at synchrotron
sources in the US and abroad. To analyze catalyster their operating conditions, a new approaeh th
allows the simultaneous collection of the XRD anlES data undein situ conditions together with online
product analysis is required. At present, XAFS ARD measurements can be performed at the NSLS only
at separate beamlines, with acquisition times @f°ls for XAFS and 10-10s for XRD. DAFS has been
performed only a few times in the last 10 yearsl laas been used rarely in catalysis and hydrogeags
applications, for which it would uncover otherwisaccessible details of their heterogeneity. Thenimers

of the SCC and NSLS teams are currently buildirgfifst in the US instrument dedicated for combined
time-resolved Quick XAFS/XRD experiments beamline X18A of NSLS. It will be the progpe
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Figure 4. Left: Combined XAFS/XRD measurements of temperatigpendent
reduction of Cur®, in CO (J. Hanson, A. Frenkel, J. A. Rodriguez let ®ight:
current setup at X18A combining fluorescence XARSIWRD

instrument for the QAS beamline. Such a combinatvdhallow the measurement of changes in the dctua
structure (in the short, medium and long range mydelectronic properties and chemical activity of
heterogeneous catalysts simultaneously. This well doupled with online gas analysis, dedicated for
studyingin situ chemical transformations. The current setup inetuglansmission and fluorescence XAFS
chambers, position-sensitive linear detector (INESs) well as a Perkin-Elmer amorphous silicon 2D
detector and residual gas analyzer (mass spec&gmalong with the automated gas mixing system. &i
shows results of the first successful test of tiesv instrument. Cukz®, is a well known precursor for
copper catalysts with high thermal stability andivaity. It is used as a catalyst in hydrogen prdaduc
thermal decomposition of ammonium perchlorate, igngotentially useful in water-gas shift reactidts.
structural transformation upon reduction cannotfdy understood by XRD technique alone, due to the
likelihood of forming metastable, short living, atgly dispersed, and/or disordered phases toward
formation of pure Cu. Such phases will be invisitaaliffraction, which is a long range techniquat will

be detectable by XAFS which, in turn, allows to @iort range structural information. In addition,
absorption spectroscopy yields invaluable infororatbout the chemical valence of the absorbing sitom
Only by combining these techniques in one experimeinere the sample is subjected to the same
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temperature/gas treatment conditions one can det¢ictthe short range and the long range structiuties
system in situ. Fig. 4 (left) shows Fourier tramsf magnitudes of EXAFS data, demonstrating that th
sample reduced at 200 °C and cooled down to roampédeature is a linear combination of the fresh damp
and the fully reduced sample. XRD data obtainethensame sample (Fig. 4, right) shows presencheof t
same two phases as well, enabling the possibilitgthe self-consistent interpretation of these two
techniques. This instrument, as well as the knowti@awwe are acquiring will be used at the QAS Hawm
of the NSLS-II.

Electrical energy storageBatteries are complex and dynamic devices thigt ¥a a series of intricate
mechanisms, involving ion transport, charge comaiéms, structural changes, the formation of metdsta
phases and thermodynamic instabilities. The dewvedop of high capacity, safe lithium batteries regsii
new tools to better understand the physical andhated processes that occur during cycling and thktya

to predict and ultimately control the key electrecthical properties such as capacity (power and gnerg
density), durability (calendar and cycle life), abuolerance (safety characteristics) and cost. XARd
XRD are essential tools used iim situ investigations of charge compensation (oxidateshiction of a
transition metal) and structural transformations wierking electrochemical cells. Changes in these
fundamental material properties can be relatedectrechemical properties, such as cell voltagpachy,
rate capability and capacity fade. Currently, XA&® XRD data are acquired on separate beamlines and
require medium-long acquisition times (318). The capability of combined, time-resolved §uic
XAFS/XRD will allow us to see real time changeste electrode structure and chemical bonding during
electrochemical cycling. The fast acquisition timah give us the opportunity to investigate thealtode

at greater current densities (rapid cycling rate$)ch is currently not feasible at NSLS beamlines.

[11. Resolving the local structure in heterogeneous mixtures of ordered and disordered nano-phases

Diffraction Anomalous Fine Structure (DAFS) is anmsful technique that combines long range sensitivi

of XRD and local structure sensitivity of XAPSDAFS technique allows the determination of thealoc
structure in each ordered species within heteragenesamples, for those systems in which ensemble-
averaged XAFS data analysis would be complicated lwpexistence of different physical forms of the
resonant element. By combining EXAFS and DAFS fidssible to quantify each phase in a mixfugeich
combination is particularly powerful when at leaste phase is disordered and not amenable to XRD
studies. DAFS has been never used for studies t@frdgeneous or multi-site real catalytic or battery
systems such as metal nanoparticles, metal oxashespthers. As the schematic (Figure 5, taken fRah

6) shows, a typical sample for such study (top) hefduld consist of a number of ordered and disader
phases — shown here using Ge-based phases asmpl@exBXAFS and electron microscopy data show

2000 1.9179(2) A*
T Annealed

(Ge-Ge), . 1500

Ay =
0.042(1) A™

10004 As deposited

Intensity (arb. units)

+0:0-0.6,.0: 40-0:0-0-0-0:0-0x
o 000000 g0.0.0 - -0 - TF- o -

SiO, substrate 07\\/’\45 ~ : B . S 1.80 1.85 1.90 1.95 2.00

Momentum transfer, |q| (A™)

04 Ge(nc) + Ge(a) r 40

0.0064 r35

30
Ge-O L

7253

0.5

£

2
2

0.0054
205

=
F15 o
e

11200 11600

°o o ©°
=)
a

=)
i

0.004 1

Normalized Bragg Intensity
g

EXAFS K y(K)
(=]
o

r 10

0.0034 ~ / N~ L
A Ge(nc) \/ y N ]

S
o

211300 11600
T T T T
11000 11200 11400 11600

e 0
0 1 2 3 4 5 6 7 8
-1.0 R, A
Energy (eV) 0 é 5 é é 1‘0 1‘2

Wavenumber, k (Z\")
Figure 5. Demonstration of the capability of combined EXA&Sd DAFS for deconvoluting coexisting ordered ammbdiered
phases of the same atomic spe




presence of three types of Ge: 1) ordered (nantadlipe, average size 15 nm), 2) ordered (Ge oxate)

3) disordered (amorphous Ge) phases. SelectingggBreak corresponding to the nc-Ge, it is possible
obtain nano-DAFS signal on that peak and decongdiXAFS oscillations from the nc-Ge phase only.
Combining with the EXAFS signal from the sampleg thst of the phases can be discriminated as well.

When these capabilities are enabled, differentnsiie communities (CES, glass community and the
environmental science community) that join foraeproposing the QAS beamline will be able to pemfor

1) in situ, time-resolved or potential-resolved stgdwf chemical transformations with coexistence of
reactants, intermediates, and products. In cataa@ence, such capability is needed for charaabeyi
the structure of catalysts in heterogeneous reattmpartments. For the R&D of fuel cells, it wik b
used for studies of mechanism of the low tempeeaturic conductivity (e.g. in SIMQ., M = Co, Fe)

2) in situ studies of nanocatalyst activation (e.@utiplly reduced metal oxides and fully reduced ahet
nanoparticles),

3) in situ studies of phase change materials (e.@ssgs or memory alloys) containing a mixture of
ordered and disordered phases (see schematic).

B. Beamline Concept & Feasibility
The beamline source will be a 3-pole wiggler. Tkarhline optics will include (Fig. 6):

1) A collimating mirror, Rh coated, 1m long x 100 mrde; water cooled, ~25 m from the source (2mrad,
energy cutoff 34 keV). The energy range will be-34keV.

2) A double-crystal (Si (111)), fixed-exit monochromiaf{~26 m from the source) with a stepping motor
mechanism for combined, slow scanning XAFS and DAFS

3) A double crystal, channel cut monochromator (~27ramfthe source) with a cam-driven rotation
mechanism (for in situ QEXAFS),

4) Toroidal focusing mirror ~ 28 m from the source; ftadusing (horizontally and vertically).

Ratchet wall
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Figure 6. Schematic of the layout of the QAS beamline

There will be 2 endstations: the upstream endstg8@ m from the source) will be used for largeaare
samples which can be rapidly replaced between &wpats. Examples of such studies include
reaction/oxidation reaction in concentrated catalyavestigated by time-resolved, temperature-xvesbl
and/or QEXAFS. The downstream station (42 m from gburce) will include setups for specialized cells
and reactors such as: an oxidation/reduction cedr fXAFS/MS, a capillary cell for
QEXAFS/XRD/DAFS/MS, a clam shell furnace cell withpid data collection for QEXAFS/MS, a cell for
QEXAFS/DRIFTS/MS, in situ electrochemistry cell,situ fuel cell, in situ battery cell, a laser dration
facility coupled with QEXAFS sample cell for glassearch, as well as other specialized cells ugeteb
CES, glass and environmental science communitesréguire extensive alignment. Some pre-processing
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and reactivity studies of the samples can be dortee second hutch while the first hutch is in U
envision several setups, internally aligned, fostrewlvanced complementary instruments.

Flux and time resolutionA 1m long collimated mirror (2mrad) will accept gmof the beam vertically,
which corresponds to the 0.08 mrad vertical aceegtdor the 25 m from the source. Horizontal spreiad
the beam at 25m, assuming 4 mrad horizontal divesyés 100 mm, i.e., entirely acceptable by a 160 m
wide collimating mirror. Fig. 7 shows calculatedXlcurves at the distances right after the monouhtor
and at the image plane of the focusing (2:1)
mirror.” This preliminary design was chosen -
represent a realistic optical layout. It is expdct
that at the detailed design phase, several o 1073
possible optical designs, such as placing the fi .
mirror inside the shield wall, will be considerg
and the best option will be chosen. Such a deta|
effort is not appropriate at this stage of t Qexafs TPW beamline flux
. . —— flux up to focusing mirror
proposal, however, we anticipate being able 2 (4 mrad H x 80 urad V acceptance)
achieve ~1x18 photons at the sample. Such flux —&~ flux afier focusing mirror
approximately the same as the flux at t R \
SuperXAS beamline at the SESNe expect to o6 7ok o !
reach a similar performance at QAS in terms of energy (eV)
time resolution (10ms) and signal to noise ratio|  Figure7. Flux estimates for the design shown in Fig. 6.
in this currently world-best QEXAFS beamline.

C. Required Technical Advances

There are several challenges that need to be Bxbdbvy reach the level of performance targeted Ha t
beamline. For example, one challenge is the phlysitagration and alignment of reactor cell or DRS-
cell with XRD XAFS and IR detectors, in a manneraihallows for simultaneous measurements. Another
challenge is the internal and external synchrommnadf the gas input system, which also has tdifatz
very fast changes of the gas composition, temperatontrollers and chemical analysis system with
detectors and X-ray and IR sources. There is d teelevelop and support a control system to operat
these instruments, in a user-friendly manner. I'IXQES experiments, 10 ms scan duration requires new
detectors, fast ion chambers/photo diodes, andrefec amplifiers. SCC members together with NSLS
staff and users have been developing such combinsatt the beamlines X18B, X19A and X18A since
2005, and have acquired the experience in cooetinateasurements with QEXAFS, XRD and reaction
control and product detection. The tests are umdgr with DAFS, QEXAFS and IR. Integrated control
systems currently under development for combingzeements at X18A will be used as a prototype ef th
new control system at the NSLS2 for this beamline.

TPW flux
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D. User Community and Demands (The lists of scientific communities and potential user groups are in
the Appendix C)

The synchrotron CES community consists of scientising synchrotron radiation in the areas of chami
transformations, catalysis, electrochemistry, epergnversion/storage, and hydrogen storage research
While the QAS beamline will be a more advancedlitgccompared to the existing NSLS beamlines, the
CES user community at the existing beamlines XI8B)A and X18A can be used to sample the future
interest to the proposed beamline. The CES commurigrested in the QAS beamline consists of culyen
~59 groups from academia (35 — chemistry / 24-enscggnces), 19 from national laboratories (10/8) a
6 from industry (2/4). The total of 84 groups regmets about 500 experienced synchrotron users1(@op/
For the detailed list of the potential users of @&S beamline see Appendix The Synchrotron Catalysis
Consortium (SCC) is a user organization creatediriyative of scientists from academia, national
laboratories and industry, and supported by a gfeomh DOE-BES. Members of SCC promote their
synchrotron expertise to other CES members, invdhem in synchrotron research by organizing
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workshops, training courses and on-site persorahitry sessions, and develop strategic plans for
transferring and expanding synchrotron CES resdartlSLS2.

SCC members have attracted new users to the matisef QAS beamline. Specifically, there is trenoarsl
interest in the glass community (Appendix C), Iégdhe NSF's International Materials Institute (IMbr
New Functionality in Glass at Lehigh University (Bitor: Professor Himanshu Jain) to utilize QEXAFS
capability at the QAS beamline. Members of the glaemmunity are interested in glass formation ftbm
melt, which is a time and temperature dependemighenon. Recently, they made some very fundamental
observations regarding structural evolution onlg do the time dependent EXAFS analysis made passibl
by QEXAFS at beamline X18B. The IMI group and thaternational collaborators have new programs on
laser-induced crystallization of glass. They hawecseded in “writing” single crystal ferroelectric
architecture in glass, and received a DOE grana foew project to develop this area of materiati€ation.
Toward that goal they will need to study the glésscrystal formation under laser irradiation using
QEXAFS. According to Prof. Jain, complementary spscopic (XAFS and IR) and XRD tools will be
needed to understand the overall phenomena. Akéreras one of the speakers at the first Glassareke
workshop held at BNL in 2009, following which theew ties between the leading Pls in the glass
community and the CES were formed. As a resultfdBsor Jain expressed support for the QAS beamline
proposal and offered help in reaching out to othembers of glass community, in the US and abroad.

There is a growing environmental sciences commuhay is interested in following reaction processes
real time at the molecular scale. SCC is interesteining forces with these groups, as we havenbe
successfully collaborating in the past developimyvapplications (e.g., QEXAFS) and solving similar
problems in data acquisition and analysis methagieto Members of that community (see Appendix C)
conduct studies on the kinetics of rapid chemicacesses on mineral surfaces and soils, e.g.,igorpt
redox, and precipitation reactions. According tmfPiSparks (U. Delaware), additional groups (from
Stanford, LBNL, U. Kentucky, EPA, Cincinnati and ETZurich) are expected to be interested in QEXAFS
studies at the QAS beamline.

Five SCC members, NSLS scientists, the group ofIparks, and scientists from Lehigh University have
jointly developed new expertise (and coauthorearéiole in RSI in 2010) in using QEXAFS for problem
of their respective communities. They plan to tfanthis knowhow and continue their collaboratidrihee
QAS beamline at NSLS2.

User training

Optimal, efficient use of the proposed facility uegs specialized training of the potential usesgpecially
with respect to time resolved, in situ studiesthia past six years SCC members have been veryeantiv
organizing workshops and training courses for CE&s) as well as for the larger community of EXAFS
users. These workshops and training courses aramumally since 2005. In particular, the feedbamkshe
training courses on EXAFS measurements and anahgmsie been overwhelmingly positive from well
established, relatively new to the synchrotron, paténtial future users from the catalysis commurmis

part of the proposed efforts we plan to combine arpgand several existing venues, including annual
training courses in EXAFS theory, analysis and i@ppbns to nanoscience and catalysis, catalysis
workshop at the Annual NSLS/CFN Users Meeting drweb-based EXAFS training course, to provide
more frequent training targeted to students anddpctoral fellows from the catalysis and electrabais
research groups. Existing courses that SCC mendrgesiized were oversubscribed by at least two-fold.
Travel funds are available to the attendees viaythet of the DOE to the SCC. As in the past, wiéailso
support new research groups who need travel sugpacbntinuation of the effort started six yeageawe

will continue with the dissemination of major imaitives electronically, using our web site:
http://www.yu.edu/scc and the recently created Wwaked forum for information exchange ([scc-forum]).
These resources are used by experienced and nehWwrsinon users to get updated on the upgradesat th
SCC, new training courses and workshops, as wetb assk a question about data analysis, instrument
availability, or to get help in designing a new exment.

Rev. 3/10 8 NSLS-Il BDP 2010



E. Proposal Team Expertise and Experience (Curriculum Vitae of theteam arein Appendix B).

Dr. Anatoly |I. Frenkelis a Professor of Physics and Chair of the Divisaf Natural Sciences and
Mathematics at Yeshiva University. His main reskanterests and expertise are in the areas oftataic
and properties of nanomaterials. He is a spokegspafthe Synchrotron Catalysis Consortium. Freihles

19 years synchrotron experience at the NSLS, ARSESRF. Frenkel has published ~150 articles on the
instrumentation, applications and data analysisod in XAFS. He developed data analysis and magleli
methods for monometallic and heterometallic naradgats. These methods are now widely used by
members of catalysis community. He is an organdfemany XAFS training courses, conferences and
workshops in nanoscience and catalysis, at Broakihand elsewhere.

Dr. Simon R. Bares a Senior Principal Scientist at UOP LLC, a Hpomell Company. His main interests
are in understanding structure-function relatiopshin catalysts using primarily in situ charactatian
methods. He has over 20 years experience usinghsytmen radiation-based techniques, primarily X-ray
absorption spectroscopy, using beamlines at NSIER,/ASRL, HASYLAB and BESSY. He has published
over 70 publications, and has presented many ohveminars nationally and internationally. He has
collaborated with many groups worldwide, and is Ud¥pokesperson for the SCC at NSLS and MRCAT at
the APS. He is a member of the Light Sources Doraté SAC at BNL, and a member of BESAC. Drs.
Bare and Frenkel are members of the Organizing Gaeerfor the Operando-IV Congress, to be held in
Brookhaven National Lab in 2012.

Dr. Jingguang G. Cheis the Claire D. LeClaire Professor of Chemicabigeering at the University of
Delaware. He started his synchrotron researcingdunis tenure at the Exxon Research and Engineandg
was the Spokesperson of the Exxon U1A Beamline.dditier work provided a unified methodology for
NEXAFS studies of inorganic compounds; his revieticke ("NEXAFS Investigations of Transition Metal
Oxides, Nitrides, Carbides, Sulfides and Otherterbtitial Compounds"Surface Science Reports, 30
(1997) 1-152) remains to be one of highly citectrefices in NEXAFS research. In 2005 he and colesagu
established the Synchrotron Catalysis Consortiu@Q)Sat the NSLS. SCC members have enhanced the
synchrotron capabilities for catalytic applicatiomsd significantly improved access to synchrotron
techniques by researchers from academic, indusiminational laboratories.

Dr. Steven Ebhrlichis a physicist at the National Synchrotron Lighau&e at Brookhaven National
Laboratory. He serves as User Liaison and Experiai®perations Manager of the NSLS. He coordmate
operations with internal and external research ggaand facility users, troubleshoots operationabj@ms

at beamlines, runs the weekly X-ray/VUV users nmggtj and creates and distributes weekly X-ray/VUV
users meeting minutes. He also provides NSLS exyatial users an interface with machine operatiods a
NSLS and BNL staff. He is the spokesperson fomieee X18A. He is in the process of completing an
upgrade of the X18A beamline, part of which addsAE% and quick EXAFS capabilities to the scattering
and diffraction line. He has worked with the Syratton Catalysis Consortium (SCC) to optimize beaenl
X18A for EXAFS, quick EXAFS and combined EXAFS/déttion measurements. His research includes
structural studies of long alkane films, noble gasenfined in porous media and liquid systems.

Dr. Jason Graetzrs a Materials Scientist at BNL. He is interestadex situ and in situ synchrotron
techniques to investigate microstructural, morpbwial and electronic structural changes occurring i
energy storage materials during charge/dischaigions. He has used XAS to study catalysts inrsévie
hydrides and measure charge compensation in litwatimodes and XRD, SAXS and WAXS to determine
the structures of new materials and study structivanges in lithium electrodes and metal hydridiesng
cycling. Dr Graetz is a U.S. Expert of the Interoad&l Energy Agency on hydrogen storage. He was the
recipient of the 2006 Ewald Wicke Award for his wan physical chemistry of metal hydrides and relgen
received the Presidential Early Career Award foufvg Scientists and Engineers (PECASE).

Dr. Jonathan C. Hansois a chemist whose main research interests amhenareas of catalysis and
diffraction sciences. His research is supportedJByDOE. He is spokesperson for beamline X7B at the
NSLS and has contributed to the development of coetbXRD/QEXAFS at beam line X18A He has
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more than 18 years of experience working at syriobme, x-ray absorption spectroscopy and time-vesbl
x-ray powder diffraction in his studies. He has|glt®d over 210 articles.

Dr. Syed Khalidis a beamline scientist, spokesperson and reseagiheer of the facility beamlines X18B
and X19A at NSLS for XAS. He has 30 years experancynchrotron research and instrumentation,gusin
SSRL, CHESS, Photon Factory (Japan), Alladin and3N$le built XAS equipment at the Department of
Chemical Engineering, University of Delaware. Heeleped the EXAFS and QEXAFS instrumentation at
beamline X18A and X18B. He helped developing theb&¢@dmline for biological EXAFS (now X3). He
trained a few hundred users to operate X18B and®d€amlines, resulting in a few hundred publicagion
coming out of these two beamlines (average about y&ar). Khalid also helped organizing and was a
speaker and instructor in the annual XAFS workslaap¢SLS. He has about 80 publications.

Dr. Jose A. Rodrigues a chemist whose main research interests atteeimreas of catalysis and surface
sciences. He is spokesperson for beamline X7B anthct person for beamline U7A at the NSLS. He has
more than 15 years of experience working at syrobtme, using photoemission, x-ray absorption
spectroscopy and time-resolved x-ray powder diffoacin his studies. He has published over 25Cladi
and has given many invited seminars about synamdiased techniques for catalyst characterization.

Dr. Xiao-Qing Yangis a material scientist and Pl for the Applied tBat Research for Transportation
(ABRT) and Batteries for Advanced Transportatiorchrelogies (BATT) projects at BNL. The goals of
these projects include synthesis and charactesizat new cathode, anode, and electrolyte matewéls
improved calendar and cycling life, better abuderémce for lithium batteries. He has developedtisd
new synchrotron based x-ray techniques for in citaracterization of battery materials. He was aegrd
several US patents. Dr. Yang organized and co-tmgdnseveral international conferences, such as
IBA2007 in Shenzhen and CIBF2006 in Beijing. Heige of the organizers and the general secretary fo
the 14" International meeting of Lithium Battery (14MLB) in Tianjin, China, June 22, 2008. Dr. Yang
was elected as a member of the board of direcfaitsednternational Battery Materials AssociateA)Bn
December of 2008.

F. Suggestionsfor BAT Membership

Prof. Anatoly I. Frenkel (spokesperson): Yeshivavdrsity, New York, NY (anatoly.frenkel@yu.edu)
Prof. Jingguang G. Chen: University of Delasydewark, DE (jgchen@udel.edu)

Dr. Jose A. Rodriguez: Brookhaven National Labasgttipton, NY (rodrigez@bnl.gov)

Dr. Jonathan C. Hanson: Brookhaven National LalboyatJpton, NY (hansonl@bnl.gov)

Dr. Radoslav Adzic: Brookhaven National Laboratdspion, NY (adzic@bnl.gov)

Prof. Alexis Bell: University of California, Berkey, CA (alexbell@uclink.berkeley.edu)

Prof. Bruce Koel: Lehigh University, Bethlehem, R#&k205@ Lehigh.EDU)

Prof. Ralph G. Nuzzo: University of lllinois, UrbatChampaign (r-nuzzo@illinois.edu)

Prof. Bruce Gates: University of California, Daw3A (bcgates@ucdavis.edu)

Prof. Ronald Frahm: University of Wuppertal, Germ@inahm@uni-wuppertal.de)
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