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In this document we identify different themes tlaa¢ in the focus of the Chemical and Energy
Sciences (CES) community. We outline the sciendgedr behind the need in using advanced
synchrotron capabilities and propose how thesesead be matched to the technical capabilitieb®f t
NSLS-II beamlines. We suggest the routes for tteomng the CES programs from NSLS to NSLS-II
and propose concrete steps that will minimize therdime for CES researchers. This document is also
a first coordinated effort of scientists working nmultiple CES sub-fields to join forces and create
multidisciplinary research environment, includingtlo the new infrastructure and the new atmosphere
of collaboration.

1. Introduction

Chemical and Energy Sciences (CES) is a name &rcdmmunity of scientists using synchrotron
radiation in the areas of catalysis, electrochamiginergy conversion and storage and hydrogeaggor
research. As stated in the report of the 2002 BE3Mtkshop "Opportunities for Catalysis in the 21st
century:"The Grand Challenge for catalysis science in the Ist century is to understand how to
design catalyst structures to control catalytic agvity and selectivity.” To meet this challenge, a
fundamental, atomic-scale understanding of theiphland chemical properties of catalytic materigls
required. Since real catalysts and catalytic preeesare extremely complex, the development of
techniques for the characterization of catalytistegns in-situ, as they evolve in time with a chaggi
chemical environment is a high priority. As outlih@ the executive summary of the 2003 NSF "Future
Directions in Catalysis: Structures that Functiortive Nanoscale”,..although exemplary cases of in
situ characterization methodologies have been reptad, the consensus is that advancements that
extend the limits of temperature, pressure and redotion both in space and time of current
spectroscopies will be necessary to meet the grandallenge.”

While these will remain grand challenges, synclomtt-ray sources are proving to be one invaluable
link in these efforts due to their unique capaieiitfor in situ structural and chemical probing.eDa its
uniquely high brightness and flux, there are kegaarwhere NSLS Il can offer new solutions for the
both communities (chemistry and energy) merging @ES.

The key scientific driver for catalysis and electremistry fields, identified at the first strategic
planning workshop for Catalysis and Electrochemisommunity, held at Brookhaven in July 2007, is
the rational design of high-activity, high-selediylow-cost catalysts.



The mission of energy research can be generaligdtated as developing reliable, economical, and
plentiful sources without impairing the natural gomment. Quoting Yildirim and CiraciPhys. Rev.
Lett., 94 175501 (2005):Developing safe, cost-effective, and practical mee of storing hydrogen is
crucial for the advancement of hydrogen and fuel-detechnologies. The current state of the art is
at an impasse in providing any material that meets storage capacity of 6 wt % or more required
for practical applications.”

Among the many scientific drivers in energy reskaseveral of them have demonstrated the need in
synchrotron radiation:

-development of renewable energy sources (biofarsdshydrogen energy sources), storage of energy
products (hydrogen and G®equestration),

-portable energy sources (high power density faltlé @and batteries),

-nanocomposite materials for energy applicationgnfioranes, nanoparticles and conducting and
flame retardant plastics)

Catalysis serves as a cross cutting feature in eddhese disciplines, and thus, many technical
capabilities required in designing their synchrotlased lines of research (as well as many chakeng
toward their realization) are expected to be simil

The size of the CES community is:

95 (70/25) groups from academia, 20 groups fromonal laboratories, 35 (10/25) groups from
industry: the total of 150 (100/50) groups andneated 750 (500/250) synchrotron users. The first
number in parentheses refers to chemistry, andgbend number — to energy researchers.

For the both communities, the approaches that need to be undertaken at the synchrotrons are:

-Atomistic understanding of activity, selectivitstability, performance and degradation mechanisms
of catalysts;

-Development of combined, multi-technique method@e and instrumentation for real time situ
catalysis studies;

-Development of instrumentation that simulates tabwy and industrial conditions for energy
release, storage, and generation where the catplytcess can be followed in a time resolved manner

Present challenges, and our proposed implemensatioiihese approaches at the NSLS-II are
summarized in the Table I.

Table I. Challenges, science drivers and their prapsed implementation

Present challenges and the Proposed implementation

need for high x-ray brightness

Potential impact

- in situ, quick (<1s) studies of | High energy XRD/PDF at the
medium range nanoparticles (>nmMXAS project beamline on a
and support structure; damping wiggler source;
Clusters: sub-nm to nm, Complementary in situ studies of| Hard x-rays

Supports: nmm. reactants, products and catalysty (XAFS/XRD/DAFS)

Time: Charge transfer: fs to nsduring chemical transformations,| + soft x-rays (XPS/NEXAFS)

Complexity of spatial and
temporal metrics:
Space Atomic bonds: 0.1 nm,

Vibrations: ps,
Atomic relaxation: ps, Reactio
rates: 0.1ms to s

by hard x-rays (XAFS, XRD,
nDAFS) and soft x-rays (XPS,
NEXAFS)

experiments at dedicated and
shared beamlines




Complexity of catalyst
properties:
cluster-support/adsorbate
interactions,

structural relaxation effects is
difficult if not impossible to
resolve at present sources

XAS  studies
nanoparticles;
in situ, quick (< 1s) studies ¢
catalytic activity, deconvolution @
heterogeneous species and reac
intermediates

of individua

XAS at the hard x-ray
nanoprobe beamline on a
vf(tapered) undulator source;
fHigh resolution fluorescence
tiosing secondary emission at
the XAS project beamline on
damping wiggler source

Catalyst heterogeneity
polydispersity hinder structurg
and reactivity studies

,nm-scale imaging of 3D structure
alof catalysts including valence
distribution;

Resolving the  heterogenei
problem by a combination ¢
XAFS and DAFS

Hard x-ray nanoprobe project
beamline on an undulator
source;

[WXAS Project beamline on a
vfdamping wiggler source

Fast Kinetics, low
concentrations of man
operational catalysts are n

accessible due to low flux

Kinetics: in situ, Quick (sub-
ysecond time scale) XAFS/XRD
oDilute catalysis:

Using a high flux beamline

3-pole wiggler XAFS
beamline;

XAS Project beamline on a
damping wiggler source

Lack of high pressure sample

chambers to reproduce reactiv|
environments with pressures u
to 10 torr for carrying out in sit

Fast (< 1s) monitoring of the
eevolution of surface intermediate
pmechanistic studies.

1

measurements

Fast high-resolution moderate
spressure (up to 10 Torr) XPS
at an undulator XPS/NEXAFS
beamline for carrying out in

situ surface reactivity studies

2. The Growth, Expansion, and Transition of NSLS &entific Programs

Research in the areas of catalysis and electrosiignfias a long history at the NSLS and other
synchrotrons. Since the Synchrotron Catalysis Qoinso (http://www.yu.edu/sccstarted its operations
in 2006, this user group evolved in a well estdidis NSLS user community, with its user supportr use
access and user exchange coordinated, in part,hdySICC. Synchrotron-based energy science
researchers, the emerging group of users, haveyatobrganized into such a cohesive synchrotron
community as the SCC group. We hope this effort melp the both groups to coordinate and advance
their science programs and more effectively uselsyiron facilities, at the NSLS and NSLS-II.

To best serve the needs of CES users, we propaseribine several dedicated and shared facilities
at the NSLS-Il as summarized in the Table below.révidetails about each type of beamline are

presented in the following sect

ions.

Table II. A suite of beamlines that will utilize CES plans at NSLS-II

Facility No. Mode Purpose Technique
Beamline on a 1 | Dedicated| In situ studies of chemical transforomest quick,
3-pole wiggler combined
source XAFS/XRD
Undulator soft 1 | Dedicated| Time-resolved (ms- range) high presggreXPS/NEXAFS
x-ray beamline 10 torr) studies of surfaces and adsorbates at

near reaction conditions

Nanoprobe 1 Shared | Single nanoparticle studies XAFS, imaging,
(“Project”) high resolutionﬂ




beamline on an fluorescence
undulator source
XAFS 1 Shared Kinetics: in situ, Quick (sub-second time | XAFS,
(“project”) scale) studies of structure and reactivity of | XAFS/XRD,
beamline on a catalysts and hydrogen storage materials; | DAFS, HRF
damping Study of dilute catalysis at realistic metal
wiggler source loadings
“Soft bend” (0.4 ???| Shared | -in situ studies of structure, dynamics and| XAFS
T bending reactivity of catalysts in the tender (1-3 ke\)
magnet) X-ray energy region.
beamline
Beamlineona | ???| Shared | -in situ, time-resolved studies of strugture | XAFS
3-pole wiggler dynamics and reactivity of catalysts in hard|x-
source ray energy region. Ex situ characterization pf

catalysis and energy related materials.Time

resolution: minutes to hours.

3. Detailed description of the dedicated beamlines

3.1 A dedicated CES beamline on a 3-pole wiggler source for quick, combined x-ray
spectroscopy/diffraction measurementsto study in situ chemical transformations

The main purpose of this beamline will be twofdkist, it will enable in situ, quick (from ms to
minutes) combined, XAFS/XRD studies of structurgnamics and reactivity of catalysts. Second, it
will be a primary investigation tool for in situusties of energy-related materials. While the main
analytical techniques will be XAFS and XRD, othenmplementary techniques (DAFS and IR) can be
applied in situ as well, either in combination WKAFS/XRD or separately.

Catalytic reactions are normally performed underdiions of elevated temperature and pressure,
using a wide variety of reagents and real time pcbdanalysis by mass spectrometry or gas
chromatography. Homogeneous catalysts (e.g., iguadl state) require special cells for handlingdlu
flow studied by the focused beams. Thus, to enabktu experiments, gas and liquid flow reactors,
high temperature and high pressure cells, suppligddthe necessary gaseous and/or liquid reactaets
required. Gases, chemicals and supplies delivestesy requires a permanent, reliable infrastructure.
Poisonous gases, like CO, need a safe permaneallatien. End station (hutch) instrumentation will
include: combined XAFS/XRD instrument, area deteaptimized Quick XAFS detectors, specialized
software for synchronized XAFS/DAFS/XRD measureraefuch collection of specialized equipment
for cutting edge catalysis research will be moBtiehtly used at the dedicated catalysis beanlinere
already exists a prototype of such a dedicateditiacBynchrotron Catalysis Consortium beamlines
X18B/X19A.

XAFS and XRD techniques give complementary infororatabout the structure of catalytic
materials: XRD is effective in pure or mixed cryste materials while XAFS provides short range
order structural features in less ordered or anmrphmaterials.In addition, XAFS also gives
information about the electronic properties of ttegalysts. Finally, Diffraction Anomalous Fine
Structure (DAFS) technique allows to study localicture in ordered species of the heterogeneous
samples, i.e., in those systems where the ensemblage XAFS data analysis would be complicated
by mixing different species of a resonant elemdiitese three methods have been developed and



advancedindependently from each other at synchrotron sources in the O& a@road. To analyze
catalysts under their operating conditions, a newr@ach is needed, namely, the simultaneous
collection of the XRD and XAFS data undarsitu conditions together with online product analysis.
present, XAFS and XRD measurements can be perfoantiee NSLS only at different beamlines, with
acquisition times of 1-T0for XAFS and 10-19sec for XRD. DAFS has been performed only a few
times in the last 10 years, and is grossly undereti in catalysis and hydrogen storage application
where such technique would be a unique tool, dubkdio inherent heterogeneity.

The SCC and NSLS teams are currently building its¢ ih the US instrument for combined time-
resolved XRD/XAFS experiments at beamline X18A \khiweill be a prototype instrument for our
proposed NSLS-II beamline. Such a combination alibw the measurement of changes in the actual
structure (in the short, medium and long range yddectronic properties and chemical activity of
heterogeneous catalysts simultaneously. This l@licoupled with online gas analysis, dedicated for
studyingin situ chemical transformations.

The choice of a three-pole wiggler source for gigposed beamline is justified as follows. Firs, i
flux through the 1x10mfaperture (Fig. 1) is by an
Lo T T orders of magnitude better than in the 6.88m-radius
1 NSLS bending magnet source (not shown). The
useful energy range allows to measure most
] catalytically important materials, from Ti and Vtae
3 lower energies, to Pd, Ag, In at the higher enatgie
] Second, designers of the quick XAFS monochromator
3 at the three-pole wiggler beamline will not face as
1 severe the heat load and monochromator weight
S 37 problems, as the ones prohibiting the fast energy
] scanning at a damping wiggler source which is
P S— ; el otherwise 2 orders of magnitude better in flux (Rig
10 10 10 10 10 . .
Photon Energy [eV] Since undulator sources are not suitable for fast
Fig. 1. Flux/per eV for three NSLS-Il sources (damgpwiggler, a energy scans either, the three-pole Wiggler i Sotreet

three-pole wiggler and a bending magnet), at theptposition, available source for quick XAFS studies that we
ca. 25 m from the source and through a 1x16mperture. propose

DW100 damping wiggler,
B=1.8T, 100 mm,
L=7 m, K=16.8

Flux [photons/sec/eV] into 10x1 mm? @ 25m

The fast XAFS instrument will be similar to its potype currently installed at beamline X18B of the
NSLS. The current data acquisition method collegis K points/minute using a Keithley current
amplifier, a 16- channel VME analog-digital conegrtand custom written Linux based software. The
angle of a Si(111) double crystal monochromatocastrolled via an assembly containing a micro-
stepping motor, a rotating cam, and a small bragerlarm directly attached to the monochromator
tangent arm. This setup provides high regmiutfast-XAFS energy data that varies as a
sinusoidal function of time with a frequency thatinversely proportional to the time resolutiontioé
fast-XAFS scan. These data are then processedowititustom-developed software to provide users
with individual and time resolved EXAFS or XANESass that can be analyzed by popular EXAFS
analysis packages.

A group of these PlIs, led by Hanson has run fasKRB experiments at beamline X7B, has recently
tested the new QXAFS instrument at beamline X18BeiiT experiment focused on the Cu K-edge
XANES of the CexCuO, system under reducing (reaction withh) Hand oxidizing environments
(reaction with Q). Thein-situ data (Fig. 2) point to the chemical transformataincopper oxide to



zerovalent copper under reducing conditions an#t bmcCeq . CuO, for oxidizing conditions at 275,
300, and 328C.

Data analysis performed by Principal Component ygialallowed to detect the intermediate phase
and study reaction kinetics (Fig. ®ur team members have the know-how of designingppring
and analyzing the fast XAFS and fast XRD measuré¢snemnd we are well positioned to develop their
integration at the same beamline.

relative intensity / a.u.

N
@

Fig. 2. (a) Time-resolved X-ray diffraction (TRRD) patterns collected during the water gas SWiGS)
reaction for the 5%Cu/CeO2 nanocatalysts. (b)TR XAN reduction/rexidation of Cu doped ceria
200°C.(c) A typical figure for Hland CQ products from the WGS re&an is shown in the middle pane. T
products were analyzed with mass spectrometer (MS).

The XAFS and XRD data displayed in Fig 2 clealllystrate why the integration of fast XAFS and
fast XRD is necessary. These data, obtained inrgepheamlines, is for a 64Uy 2O, catalyst during
the water-gas shift reactiénThe Ce k edge XANES spectra show the appearance Sfd@éons as

a consequence of the formation of O vacancies.|ditiee of
20% doped - reduction at 200°C the oxide is sensitive to the concentration of'Cand expands
(or contracts) when the concentration of this caiiacreases
(or decreases). The XRD data indicate in an intnexy that
R the amount of C& in the catalyst varies with the CQ/®I
L | o | ratio. Both sets of data are consistent, but there is important
| information missing. To get a complete picture of the behavior
of the catalyst, one needs the combination of Xa&€S and
fast XRD to get information about the compositiorjdation
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Fig. 3. PCA three-componentfitto  XAFS techniques study the same intermediate stagesl thus
reduction of doped ceria at 20D can be used to complement each other. For thetifingt, the

simultaneous measurements of the short range steuahd the
long range structure of a nanocatalyst will be mesdin situ, during chemical reaction.

Fig. 4 shows a schematic for our proposed Fast-XRIBS/gas analysis setup. Although combined
XRD/Fast XAFS facilities are at various stagea@ancement at HASYLAB/DESY (Hamburg) and at
the SRS (Daresbury), most have one dimensionatigos sensitive detectors and thus have long
readout time. Our proposed setup will have both X&D (3ms time resolution) and fast XAFS (1s),
which will be the best combination in the world.€eThltimate performance of these facilities will be
achieved when they are moved to the NSLS-II to fakeadvantage of the high intensity and brighges
of this new synchrotron light source. For example, will gain the ability to study metal loadings as



diluted as < 0.1% by fast XAFS with the same dpiality presently achievable at the NSLS-I for much
higher concentrations.

As shown in Fig. 4, the XAFS
Monochromatic . . . .
collimated beam instrumentation will include sealed
Oxford ionization chambers  for
transmission detectors, a PIPS detector
and the Log Spiral of Revolution (LSR)
systems for fluorescence measurements.
The R&D for the LSR detectors has been
performed during the last 5 years by D.
Pease and A. Frenk&lThese detectors

Incident

lon chamber
" '_______-x g ’%
Gas mixing t )

‘Insltu & ] " LSR analyzer & | :
\ el T, fluorescence detector have been built and successfully applied
[““’”“""\ for Ti and Cr detection for ex situ
On.line gas analysis: measurements. Pease and Frenkel have

Mass spectrometer

the knowledge and the infrastructure
necessary to manufacture these detectors.
A series of the LSR analyzers,
Fig.4. Schematic of the proposed Fast-XRD/FasEXAnstrument customized for in situ experiments with
catalytically active metals, will enable

significant improvement in fluorescence data gyalRD patterns will be collected using a 165mm
MarCCD two dimensional detector. This CCD detectan fulfill all the requirements for this project,
but a new detector developed by Siddons of the N&igctor group is also considered because of
additional capabilities such as continuous rea@dmat energy discrimination. A decision on optimum
design will be made during the early LOI prepanmajeriod.

The research team will design synchrotron endestatvith an optimal spatial configuration for the
coupling of the detector3.he integration of a gas mixing system and a prbduoalysis system (mass
spectrometer) will be performed using the prototgerip being built at the beamline X18A at the NSLS
by SCC members and NSLS stuff.

The utilization of the above described

Ve i instrumentation for fast XRD and XAFS will expangro
A i knowledge immensely about the state of the catalyst
Gasin Kapionfim o material  (crystalline phases, oxidation states,
Kapton fim ] s | composition, etc.) under working conditions, buitl
.,‘_,ﬂbear_‘l - have a limited utility to follow at the same timket
' [IJ surface chemistry of the catalytic process. Thatiid
Gas but of a vibrational spectroscopy tool (in particularlR) to
E =meES  the combined XRD/XAFS would greatly expand the
Sample capabilities of this characterization system, givin
insight into the surface chemistgnd the changes in
Fig 5 Special reaction cell fon- 7= that chemistry as the attributes of the catalystngle.

Situ studies of XAFS, XRD

and IR We therefore propose to fabricate a special in il

that will enable IR absorption spectra simultangous
with XAFS and XRD, and to implement IR spectroscopapability with the addition of an FTIR
spectrometer at X18A. Fig. 5 shows a special gelppsed for acquiring XAFS, XRD and IR data from
the same sample at a given set of conditions. cBiilehas openings for the x-ray beam covered with



Kapton film. The sample can be mounted &t @@vards the beam for transmission studies, obafot
fluorescence. Perpendicular to the cell lengthethera conical tube for fluorescence X-ray beans It
covered with Kapton film. Also, two more conicab&s are mounted at 4®wards the X-ray path for

IR beam. The tube for IR light is sealed with attBasparent window. If required, X-ray diffraction
measurements could be done if an opening, perpdadio the plane of X-rays and IR beam, is made
and covered with a X-ray transparent material (€apton). The IR beam is focused at the sample by
means of a J0off-axis parabolic mirror.

» End station instrumentation:

Setup for in situ catalysis studies will includeasgmixing and purification system, residual gas
analysis systems (MS and GC); high temperaturda jmgssure, and electrochemical reactors.

» Software and computing infrastructure requirements for this beamline:

-Integration of data collection, gas input/outpat @ther external parameters into the same soffware

-Data acquisition software for synchronizing congainechniques (XAFS/DAFS/XRD)

-Integration of rapid throughput data processiniiware with data display and analysis software, to
handle data storage and data access requiremeaht® anake fast decision about the quality of the
experiment (R&D required). High speed or combinezhsurements and data storage need an individual
solution without much computing/networking overhead

» Detector requirements for this beamline:

Fast readout XRD detectors, fluorescence analyidarg-spiral of revolution based, and others),
HRF analyzers. R&D of QXAFS detectors is requirith¢ constant should be in sub-ms range).

3.2. A dedicated CES undulator beamline for millisecond time-resolved high pressure XPS and
NEXAFS measurements of surfaces and adsorbates at near reaction conditions

A necessary requirement for a catalyst’'s functionts ability to undergo dynamic and reversible
chemical and/or structural transformations. Fanegle, in the NQstorage catalyst used for emissions
control in lean-burn gasoline engines, a BaO cairtgi catalyst traps NQOspecies during fuel-lean
conditions and is converted into Ba(j)© Subsequently, this is transformed back into Baéng brief
fuel-rich transients when the trapped Nspecies are released and reduced,toTe necessity for such
dynamic, non-equilibrium, structural and chemicedgerties are not limited to NGstorage catalysts,
but are essential to the operation of catalystgeineral’ Experimental techniques that directly probe
such dynamic chemical transformations of a catafyst however, rare. This is because such a
measurement requires the combined capabilities rolviging quantitative, chemically specific
information on the millisecond timescale or lesslemcatalytic operating conditions, which presents
great experimental challenges. We plan to takemidge of the unique properties of the Soft X-ray
EPU 100 VUV beamline in order to construct suchretrument. By combining the high brightness of
the EPU 100 beamline with stroboscopic Elevateds$tne Photoemission Spectroscopy (EP-PES)
using a small volume rapid gas exchange flow-gal will perform kinetic photoemission spectroscopy
experiments at near reaction conditions with tiesofution on at least the 10 ms timescale. This wil
provide unprecedented chemical detail of the dyonamature of catalytic function. Further
developments could facilitate the application a$ #axperimental technique to systems of environalent
and more general chemical interest as well, thezeferving a broad user community.

Photoemission spectroscopy is a well-establishetinique for the chemical identification and
quantification of adsorbates on surfade3ypically these measurements are performed ubitea-



High Vacuum (UHV) conditions which are far remové@m catalytically operating conditions.
However, the recent development of synchrotron d#X¥eS that incorporates a differentially pumped
electrostatic lens into the analyzer has allowe® Rteasurements under elevated pressure conditions,
up to approximately 5 -10 tofr. Since this pressure range represents ambieniticorsdfor a broad
variety of surfaces, this development is beginnimgransform our understanding of surfaces under
realistic conditions. These include the naturevafer mineral interfaces under ambient conditfbius,
and liquid surfaces under atmospheric conditibiid}as well as catalytically relevant surfaces under
near operating conditiods? To date, these experiments have been carriebyocihanging the surface
temperature at constant gas pressure or flow ddieeto relatively large reaction cell volumes limg
their use in investigating catalysts under dynaooaditions. Thus, the ability to rapidly exchange
gases on the millisecond timescale through theotisesmall volume flow cell while recording spectra
during this dynamic gas exchange provides a new tfypneasurement for users facilitating specificall
the direct interrogation of catalysts under dynacainditions. As described below, these measuresment
will only be possible through the use of an x-rayrse with high brightness such as that found en th
soft x-ray undulator EPU 100 VUV beamline.

* General Considerations for Beamline Characteristics

For catalytic applications, the soft x-ray regidmih approximately 10 eV up to 2000 eV) provides
the best combination of relevant core levels antasa sensitivity. This region allows measuring th
valence band, C1s (binding energy ~285 eV), Ols (€830and N1s (~400 eV) core-levels, and many
transition metal L-edges while keeping photoelactkinetic energies in the range of highest surface
sensitivity, 50 to 200 eV. Using higher photon rgmes increases the photoelectron kinetic energy
allowing one to probe more deeply below the surfatbese depth-profiling experiments address the
extent and depth of changes in chemical compositiothe surface region. Since, in general, the
photoemission signal intensity is proportional ke fphoton flux, maintaining a high photon flux to

higher photon energies is also vital in
performing these depth profiling experiments.
The EPU 100 VUV Undulator beamline with
i) Entrance Nozzle to its hlgh phOton flux at over 2000 eV will
e entialy allow probe depths of approximately 20 A
(up to 10 atomic layers) covering a
significant portion of the surface region.

The maximum pressure in modern high
pressure photoemission spectroscopy
experiments is limited by the attenuation of
the photoemitted electrons via gas phase
scattering. Gas phase attenuation follows a
Beer’s law dependence,

Background Gas Pressure = p

Sample

I p |:| I vac exd_ ZU( E) p)
Fig. 6: Sampleffirst aperture geometry for a stadaelevated pressure
photoemission spectroscogxperiment. where z is the path |ength of the

photoelectrons through the gas(,E) is the
energy dependent scattering cross-section of tegpga the gas pressure amg. is the photoelectron

intensity under UHV conditions (Fig. 6). From tl@gquation it is apparent that EP-PES experiments
require the use of high photon flux (larfig.) and short distances between the sample andnestra



aperture to the differentially pumped electrostédins of the analyzer (small z). Since gas is peomp
through the entrance aperture reducing the gasymesat the sample, there are limitations on the
minimum value of z to values approximately equaltie diameter of the apertuté. Therefore a
reduction in the aperture size allows the reductibn and a reduction in gas phase attenuatiorpicay
aperture sizes currently used range from about 1t;mh00 microns. Using smaller aperture sizes
requires a reduction in the size of the x-ray spothe sample. Thus the combined necessity ofjla hi
photon flux and small x-ray spot sizes for perfarghphotoemission spectroscopy experiments under
elevated pressures indicates that a high brightnedsalator source is desirable for these experiment
Current elevated pressure photoemission spectrgsegperiments can operate at pressures up to
approximately 5 - 10 toft! The increased flux of EPU 100 at NSLS-II togetivith the decrease in
photon beam size to approximately 10 x 40 micrais500 eV) may allow operating pressures that
exceed 100 torr a full order of magnitude gredtantcurrent maximum operating pressures. This new
pressure regime may be important for revealingrine chemically active phases of a catalyst duitsg
activity.

» Joecial Consideration for Kinetic Measurements Using Stroboscopic Methods

Currently, very few experimental techniques alloweoto quantitatively measure the chemical
composition of a surface under catalytically rel@vaperating conditions and time-scales. To degvelo
these capabilities, we will integrate a rapid exge flow cell into the elevated pressure x-ray
photoemission spectroscopy experiment using a diglaydetector for stroboscopic measurements (Fig.
7). As an example experiment, consider investigathe formation of Ba(Ng), particles from BaO
particles following brief fuel rich transients orN\#D, storage model catalyst. During this experiment a
preset mixture of fuel, oxygen and NO (representirgd-lean conditions) are allowed to flow through
small volume flow cell. For a flow cell of approxately 5 ml volume at room temperature and gas
pressures of a few torr that exits the flow cetbtigh a 1 mm hole (Fig. 7), gas exchange in the cel

onPss oyt o on by ot oty occurs in approximately 50 ms.
Background Through the use of a pulse valve,
y wie [ short pulses of fuel of a specific
Diterentally O-ring Seal P _f _r _r duration (on the 10's of ms
"o — Poe I NG NS N ) L timescale) are allowed to enter
From Pulse H Pressures - g . .
Vave . ZNzt NN/ J»s  the cell, providing brief fuel rich
Fiow Cel et aecans  transients. Followin the
Mounted on b J\/\. J\A. J\/\. _/\/\. }CAI\IIef;ged - . . g
Sample Manipulator ceaand INJECtION Of the gas pulse, spectra
Po;lt‘:gr:ng t, )U\ /S)\ /u\ /\)\ }Average ” d . d | I
weaas are collected using a delay-line
Y _A_,_ _/\-_ _/\___ _A___} Average

detector on the electron energy
Fig. 7: Close-up view of an elevated pressureg#rotssion spectroscopy experiment using a analyzer at a specific delay time
T e s o oo e momecros oa® - ™™ after_ the pulse in a single shot
differentially pumped QMS. The right hand sidettw figure shows potential data from sucha COVElrNg a SpeCIfIC time-width.
set-up where spectra are collected at specifieaydihes following a gas pulse. The importance here is that the
time resolution in such an experiment is not deteech by the time required to acquire a full spattru
but instead by a balance between the width of tggiigition window and the time necessary for the
surface to return to its initial state followingetlyas pulse. If we assume that the surface retarits
initial state in approximately 1 second followingetgas pulse then a spectrum representative of this
specific time delay and width can be acquired ewsggond. Better signal to noise is achieved by
averaging such spectra. We estimate using typlaall times, resolution and number of spectra to
average for a current EP-PES experiment at an ataiubeamline (which uses a 9 channeltron MCD
detector) that we can acquire a similar qualityctpen that represents a 5 ms time-window at a &peci



delay time following the gas pulse in about 100€osels, or 1000 gas pulses. This is a very reas®nab
acquisition time and allows collecting multiple agltimes following a gas pulse in a single synaimmot
shift. Further this provides unprecedented tinsohgion for XPS and as a result unprecedentedisleta
about the dynamics of the chemical compositionhsag Ba(N@), formation from BaO, of a surface
and how they couple to its catalytic function. Qoming this type of measurement with depth-proglin
experiments will provide information relating tovia@hanges in surface composition relate to changes
in bulk composition. The time resolution estimab®ve is high since it is expected that the undulat
source at NSLS-II will be approximately 10 timegghter than current undulator sources which implies
either less time to acquire a spectrum or 10 tigreater time resolution than this estimate. Tioeeeit
may be possible to realize sub-ms time resolutionthese experiments. Lastly, these types of
measurements are intractable at a bending magastline at NSLS-1l due to its lower flux. Estimates
of the flux of a 0.4 T bending magnet source areld@er than that of VUV EPU 100. This means that
it would require 16 longer time to acquire a spectrum (or approxinyaléf seconds) of roughly the
same quality. Note that this also assumes simitay spot sizes on the sample which may be ditficu
to achieve at a bending magnet beamline withouitiaddl loses in photon beam intensities.

* End station instrumentation (permanent setup):

Elevated Pressure Photoemission Hemispherical F|g 8 presents an overaII Conceptual
End-Station 752 Analyzer '

Differentially 9 design of an EP-PES endstation.

Pumped QMS
Elevated
Pressure
Chamber

- Surface Preparation Chamber;
- Elevated Pressure Chamber Incorporating a
Small Volume Rapid Gas Exchange Flow-

Cell;
Load-lock - Electron Energy Analyzer with
Dif‘ferentially'Pumped Differentially Pumped Electrostatic Lens (for
Electrostatic Lens example a modified Specs Phoibos 150);
_ - 2D Delay Line Detector for Stroboscopic
Manipulator .

Preparation _ With \_ Purfed Gases Measurements; _

Chamber  Flow Cell From Manifold - Gas Manifold with Cabinets for Hazardous

With Flow Controllers GaS StO rage.

» Software and computing infrastructure requirements for this beamline (David):
* Detector requirements for this beamline:

For moderate-pressure XPS experiments: an advadiffealential- pumped electron-energy analyzer,
e.g., Specs Phobios 150 with 2-D delay line detdetbcommercial instruments).

4. Recommended transition/construction sequence

As discussed above, the size of the CES commumatywill utilize the facilities discussed in this
white paper (XAS, XRD XPS, NEXAFS) exceeds 150 goand over 750 potential users. Therefore,
several more beamlines in addition to the dedichssainlines described in Section 2 will be needed to
serve this community.

Building the last three beamlines listed in Tahledtegorized as shared facilities, could concéywab
be done via maintaining, upgrading and transitigremisting beamlines from the NSLS. As indicated



in the Table, three beamlines will be needed toec@/ wide energy range. Future “state of the art”
needs will require small spot size at the samg@pidr scanning for sub-second data acquisition, and
sensitive detectors for dilute samples and/or ra@oguisition. A shared XPS/NEXAFS beamline will
require a small spot size, multichannel XPS analyfagorescence and electron NEXAFS detectors and
a load lock / rapid sample access system.

There are a number of beamlines currently in ustha@atNSLS that already provide some of the
capabilities desired. This community will work withe NSLS Il transitioning team along with PRTs
and Contributing Users to determine what beamlioegpossibly what parts of beamlines, will meet
requirements needed for a transition to the NSLSTIhis assessment will include an appraisal of the
optics, vacuum systems, motors, computer contrudsdetectors. It may be determined that components
of one beamline should be combined with anothethst the best possible beamline will become
operational after the transition. Planning andueses will be allocated over the remaining oparati
life of the NSLS so that maintenance and upgradésnat only provide optimal performance in the
near term but will position identified beamlines fapid transition and operation at the NSLS II.

5. Facility infrastructure at NSLS- |

We anticipate the need of a minimum of 3-4 labatagoadjacent to the beamlines for performing the
experiments of moderate-pressure XPS, XRD and XAM®. laboratories will be used for the storage
of equipment and for the assembly of samples. Hheyld be equipped with standard fume hoods for
the manipulation of chemicals and toxic gases. [@heratories should have access to electricityemat
and pressured air supply, and have lab-approvegmegut for safe handling nanomaterials (e.g., hoods
and glove boxes should have HEPA filters). The sizeach laboratory should be at a minimum the
equivalent of 25x25 sq. feet.

A set of 4 offices and a multimedia-equipped cosriee room facility should be available to
facilitate data analysis and multi-technique cadla@tion during the on-going experiments. Some
experiments may require access to large-scale cmmpacilities that could be available at BNL or
elsewhere.
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