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Agenda at a glance

Wednesday, Nov. 2

A. Frenkel, J. Kas, K. Attenkofer, S. Kelly,
B. Ravel, J. Timosenko

Coffee break 10:40 — 11am
Lunch 12 -1:30pm
Coffee break 3:30 — 3:50pm
Dinner 6pm

Thursday, Nov. 3

S. Khalid, B. Ravel, J. Kas, S. Kelly,
J. Timosenko, N. Marinkovic, A. Frenkel

Coffee break+photo 11 — 11:20am

Lunch 12:20 - 1:30pm
Coffee break 3:20 — 3:50pm
Dinner 6pm

Friday, Nov. 4

ISS beamline experiments: E. Stavitski, K. Attenkofer

Data analysis: B. Ravel, A. Frenkel, J. Kas,
J. Liu, J. Timosenko, S. Kelly, Q. Wang

Lunch 12 -1 pm



History of synchrotrons

.

f Edwin Mattison McMillan Vladimir Veksler

enand (1907 —1991) (1907 -1966)
Developed the first Developed the principles of

Alfred-Marie LIENARD synchrotron at Berkeley: synchrotron design

(1869-1958) Built in 1946

The concept of retarded
potentials in the calculation on
the effects due to the motion of
charged particles

Synchrotron radiation: 1947 ¢ .
GE synchrotron :



http://en.wikipedia.org/wiki/File:Edwin_McMillan.jpg
http://en.wikipedia.org/wiki/File:Synchrotron_radiation.jpg

History of XAFS

Ed Stern, Dale Sayers, Farrel Lytle



Absorption Coefficient and Fine Structure
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x-ray absorption, .(E)x
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Fig. 14-7. lllustration of the X-ray absorption process. (A) Nickel K-edge X-ray absorption specirum

of NiO. (B-D) Nickel absorber atom (gray filled circle) and four of six neighboring oxygen atoms (black
filled circles). The crests of photoeleciron waves produced by X-ray absorption by the absorber atom
(Ni) and by scattering from neighboring oxygen atoms are shown as concenitric circles about Ni and O
atoms, respectively. (B) At X-ray energies below the absorption edge no photoelectron is produced.

(C) At energies close to but above the absorption edge, the photoeleciron wavelength is longer than at
higher energies. This particular wave produces a minimum in the oscillatory part of the absorption coef-
ficient because the outgoing and scattered paris of the photoelectron meet at a minimum at the absorb-
ing atom; that is, the peak crests are completely out of phase at the center of the absorber atom. (D) At
higher X-ray energies the wavelength of the photoelectron is shorter than shown in C. This particular
wave produces a maximum in the oscillatory part of the absorption coefticient because the outgoing and
scattered parts of the photoeleciron are in phase and meet at a maximum at the absorber atom.

S. Kelly, D. Hesterberg, B. Ravel,

In: Methods of Soil Analysis, 2008, Ch

.14, p. 394



Theory of EXAFS and XANES

Fermi’s Golden Rule
In one-electron approximation:
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Information in XAFS data:

ldentities of nearest neighbors

Coordination numbers of nearest neighbors
Interatomic distances relative to the absorber
Bond length disorder (static and dynamic)
Charge states of elements
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Materials properties Structural biology Catalytic
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Data analysis methods
1) Using analytical EXAFS equation

Amplitude

st ), A
‘feff ‘ Zake

kR
\ FEFF

Same parameterization for single and
multiple-scattering paths.

7(K) = sin[2kR - £C.k* + (k)|

E, =E + AE,

R=R_, +AR

mode

x(K)=2 xr(K)

eParameterization of structural models for EXAFS
data fitting

*FEFF theory

*Error analysis



2) Linear combination methods

NiO + H, —Ni + H,O

CuO + H, »>Cu+H,0, or

N
Fitting methods (using EXAFS theory) break down:
9 ( g y) :u:ZXi:u(Pi)
-too many variables,
-correlation of variables,
-nonlinear least squares methods = multiple minima in parameter space

Alternative: linear methods:
Linear combination analysis (LCA)
Principal component analysis (PCA)
Multivariate Curve Resolution Alternating Least Squares (MCR-ALYS)



Resources

International X-ray Absorption Society
http://www.ixasportal.net/ixas/

Tutorial materials:
XAFS.org (IXAS Wiki)

IFEFFIT mailing list
http://cars9.uchicago.edu/mailman/listinfo/ifeffit/
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