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CO2 Sequestration:
Scientific Opportunities
with X-Rays at the ALS
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Possible CO2 Sequestration Scenarios | [ .

Chemical reaction of CO2 with mineral surface to
form stable carbonate (carbonate have lowest free
energy product): e.g.,

Mg3Si20°(OH)*+3C0? = 3MgCO3+2Si0O%+2H20
(sepentine)
Volume change: 8V/V = ~+20%; exothermic,

Mg2SiO*+2C0?(aq) = 2MgCO3+Si0?
(olivine)
Volume change: 8V/V = ~+80%; exothermic,
Study in-situ electronic structure of surface
chemical reactions of Co2 with rocks components, its
infermediate and products using novel Ambient Pressure
XPS sys*l'em pioneer‘ed at ALS...... .Idea: Courtesy Gordon Brown
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Science with Light Sources

BERKELEY LAB
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Photoelectron Spectroscopy N 1 A
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Photoemission - Core Level Spectroscopy | ...~ :
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Provides information about

e Kind of atom
e Number of atoms

* Chemical State — simple analysis
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(Siegbahn et al)

Lab x-ray source: Resolution = ~ 0.5 eV (MonQ).eecwers
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IN SITU XPS Study of CO2 & H20 with MgO(lOO}ﬁ\,.ﬁ

O1s C1s Mg2p
expected B carbonate MgO©
for carbongte ¢O2(g)
currently
unclear /*
RT 0.2 CO2
A RT 0.2 CO2
+ 0.1 Torr H20
-19°C, 0.2 CO2

ST T + 0.1 Torr H20

538 534 530 294 290 286 282525150494847
G. Brown, A. Nilsson (Stanford University), H. Bluhm (CSD) et al, 2009, Unpublished
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Ambient Pressure Photoemission: ~ 10 torr

Experimental Cell
with temperature-
controlled sample,
gas flow control
and variable
distance to nozzle

Four Pressure Zones
(differential pumping)
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Hemispherical
Analyzer Lens

Four Electrostatic Lenses

X-rays enter through a
silicon nitride window

D.F. Ogletree, H. Bluhm, Ch. Fadley, Z. Hussain, M. Salmeron, Materials Sciences Division and Advanced Light Source, LBNL.



AP-XPS on Ni-YSZ-Pt fuel cell
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SPECTROSCOPY SCATTERING IMAGING DYNAMICS
Energy Momentum Position Time

The fundamental parameters that we useto perceive the physical world (energy, momentum,
position, and time) correspond to three broad categories of synchrotron experimental
measurement techniques: spectroscopy, scattering, and imaging. By exploiting the short pulse
lengths of synchrotron radiation, each technigue can be performed in a timing fashion.

Spectroscopy Scattering Imaging
01 Low-Energy Spectroscopy 05 Hard X-Ray Diffraction 09 Hard X-Ray Imaging
02 Soft X-Ray Spectroscopy 06 Macromolecular 10 Soft X-Ray Imaging
Crystallograp hy
03 Hard X-Ray Spectroscopy 07 Hard X-Ray Scattering 11 Infrared Imaging
04 Optics/Calibration/Metrology 08 Soft X-Ray Scattering 12 Lithography
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