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Science case

Goals

Instrumentation: Build and use end-stations for soft X-ray ambient-pressure
AP-XPS and AP-NEXAFS at NSLS-Il CSX2 beamline:
pressure range up to 1 atm.

Catalysis: Study in-situ the water-gas shift (WGS) on (Au,Cu)/CeO,/TiO,
H,O0 + CO — CO, + H,

Surface chemistry: Study in-situ the processes of CO, capture on solid

sorbents.

Polarization control: Identify surface species and reaction intermediates
taking advantage of the unique polarization-switching capabilities of the
CSX2 beamline.



CSX2 beamline real-space layout
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AP-XPS & AP-NEXAFS at NSLS-I
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AP-XPS — Powerful Method with High User Demand

Ambient pressure XPS: chemically sensitive spectroscopy at elevated pressures

UHV Surface Science Ind-sis
AP-XPS at NSLS
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AP-XPS at NSLS Il CSX2 Beamline

Towards Ambient Pressure XPS

Fundamental pressure limit: Elastic & inelastic e
scattering in gas phase.
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AP-XPS for Catalysis & Surface Chemistry

Example I: Water-gas-shift catalysis
Stacchiola, Senanayake, Rodriguez, Chem Dept
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AP-XPS for Catalysis & Surface Chemistry

WGS

Example I: Water-gas-shift catalysis
Stacchiola, Senanayake, Rodriguez, Chem Dept _
ALS 9.2

Angew. Chemie Int. Ed 2013 DOI 10.1002/anie.201210077
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Example II: Solid-state CO, capture
S. Tenney, P. Sutter, CFN, NSLS X1A

~Conventional liquid-phase CO, capture

H,O ME . N Issues:
CO(aa) = H,CO, _>A'-ICO3 +AH - Energy intensive CO, removal.
CO,(aq) + MEA - -OOCHNC,H,OH + AH* - MEA solution corrosive.

- NO,/SO, poison solution.

A= monoetanolamine [MEA] = H,NC,H,OH

.
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~Oxide-supported amines — AP-XPS on model systems: Amines on TiO,(110)
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AP-NEXAFS at NSLS-II

Benzene Molecular Orbitals Lying-down benzene on Ag (110)
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Fig. 4. Polarization dependent NEXAFS spectra of benzene chemisorbed on Ag(110), illustrating the capability to
determine molecular orientations.

Experiments of
AP-NEXAFS on
model catalysts

Unigue tool:

Cross-section and
features in the
AP-NEXAFS will
change with
polarization of
light




AP-NEXAFS at NSLS-II
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Ambient-Pressure NEXAFS and XPS at CSX Beamline:
Soft X-rays for the In-situ Study of Catalytic Processes

Objectives:

First light experiments:
- In-situ Study of the WGS
on (Au,Cu)/CeO,/TiO, Planar and Powder catalysts

- Study the mechanism for capture of CO, on solids

- We will be testing the linear polarization devices of the beamline

Development of instrumentation:
-Unique facilities for studying reaction mechanisms at the surface of planar and
powder catalysts. These will benefit users at CFN and Synchrotron Catalysis Consortium (SCC)

-The combination of the linearly polarized light with AP-NEXAFS is unique.
Will be the first to achieve Atmospheric pressures in AP-XPS
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