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Uses of X-ray spectroscopy

XAFS: X-ray absorption fine structure

local technique:

element-specific

diluted or concentrated systems can be studied
study of disordered systems possible

wide temperature and pressure range
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Transmission and absorption cross section
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Absorption edges
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Absorption edges
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Fine structure of absorption edges

example: krypton v sysiiine Ki
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XAFS accessible elements

XANES only
EXAFS difficult
K-edge EXAFS
L3/K-edge EXAFS
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Energy shift of edge position

energy to eject core electron depends on charge it experiences:
edge energy depends on oxidation state

Mn compound: shift of edge position

oxidation state
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Pre-edge peaks
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XANES white lines
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XANES fingerprinting

XANES characteristic of chemical environment and valence state:
e fingerprinting
e phase analysis by linear combination of known species
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Parameters accessible with EXAFS

o type of atoms surrounding central absorber (Z + 3)
 number of atoms surrounding absorber (x 20%)
o distances absorber — scatterer (accuracy 0.1 A)




EXAFS data analysis 073t e SRRt |
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The EXAFS formula ...
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Absorption spectrometer
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EXAFS /| XANES In one shot: DEXAFS
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(a) Photoelectric absorption

Alternatives to
transmission Contiomen £ 4

measurements \,\;i___.f_;f'
[ ""' K

(b) Fluorescent X-ray emission

Energy

fluorescence
(h | g h se nS|t|V|ty) Continuum Continuum

=i

(c) Auger electron emission

Auger yield _—
. Continu
(if fluorescence =
yield low) EP-GP s

—g ..'-zﬁ K




X-ray absorption spectroscopy
in materials science

* Photoelectric absorption
« XANES
« EXAFS

e |[nstrumentation

e Examples




Homogeneous catalytic reaction mechanisms

Cu(ll) catalyst (arylation)
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Adsorbate-induced phase change in Rh catalysts

car exhaust catalytic converters:
NO converted to N,

time-resolved EXAFS study
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Synchronizing IR spectroscopy and XAFS

again de-NOx Rh catalyst: many different components
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