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Introduction to XAFS: Experiment, Theory and Data Analysis

X-Ray Absorption
Fine Structure (XAFS)
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XANES:
X-ray absorption near edge structure

EXAFS:
Extended X-ray absorption fine structure
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This parametrization is the same for SS and MS paths:
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Fitting EXAFS Theory to the Data:

(Number of degrees of freedom)

(Number of relevant independent data points)

E. A. Stern
Phys. Rev. B 48, 9825-9827 (1993) Conceptual 

Modeling

Analysis 
Strategy

Implementation

-Start with the crude picture first, then refine it;
-Homogeneous or heterogeneous environment?
(bulk or nano, eq. or ineq. unit cell positions, 
solution or separate phases etc.)

-Plan on doing reality checks; 
-Reference compounds should be measured and 
analyzed first;
-Try to maximize the number of degrees of 
freedom in the fits
(use constraints, experimental/theoretical info etc.) 

Find the best analysis software  that can 
implement your strategy. 
IFEFFIT has convenient interface and 
allows for a large variety of strategies

Analysis strategy

Pre-process the data:
Remove background: µ(E) χ(k). 

Fourier transform data: χ(k) (r)

Pick a model

Calculate f(k), δ(k) and λ(k): FEFF

Fit theory to data 

Error analysis
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FEFF Fitting and Error Analysis

AUTOBK algorithm: M. Newville, P. Livins, 
Y. Yacoby, E. A. Stern, and J. J. Rehr,
Phys. Rev. B47, 14126-14131 (1993). 

FEFF review: J.J. Rehr & R.C. Albers, 
Rev. Mod. Phys. (2000) 72, 621-654
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Applications of XANES and EXAFS
to basic and applied sciences

Fe3+

2.9 nm

[Mo132O372(HCOO)30]
{Mo132}

[Mo72Fe30O252]
{Mo72Fe30}

2.5 nm

Giant inorganic molecules, Polyoxomolybdates (POMs):

EXAFS in macromolecules

dr
dNrg AB

AB =)(

{Mo132}{Mo72Fe30}

Modeling pair distribution 
functions using XRD results
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A. I. Frenkel, S. C. Frankel, T. Liu 
Structural stability of giant polyoxomolybdate
molecules as probed by EXAFS 
Physica Scripta, T115, 721 (2005). 
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Applications of XANES

Contains information on:

-Average charge state of the absorber

-Local geometry 

(J. Penner-Hahn, U. Michigan)

XANES spectra modeling by FEFF8

A. I. Frenkel, G. V. Korshin, and A. Ankudinov, 
XANES study of Cu 2+ - binding sites in aquatic humic substances, 
Environ. Sci. Technol., 34 , 2138 (2000). 
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A. I. Frenkel, Y. Feldman, V. Lyahovitskaya, E. Wachtel, I. Lubomirsky, 
Physical Review B 71, 024116 (2005). 

XANES spectra depend on the local geometry XANES spectra depend on the local oxidation state

A. Jokic, A. I. Frenkel, M. Vairavamurthy, and P. M. Huang, 
Geophys. Res. Lett., 28, 3899 (2001). 

How to analyze a mixture of species
(environmental, 

biological, 
chemical sciences)
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X. Wang, J. C. Hanson, A. I. Frenkel, J.-J. Kim, J. A. Rodriguez 
J. Phys. Chem. B 108, 13667 (2004). 

EXAFS and nanoscience

- structure, disorder in a nanoscale object,

-dynamics and kinetics during in situ transformations

-investigation of catalysts

- Shape 
and 
texture:

or or

Cuboctahedron

Hemispherical
cuboctahedron

(111)

Hemispherical
cuboctahedron

(001)

Surface segregation

or or- Short 
range 
order:

Core segregation Random

A. I. Frenkel 
Solving the 3D structure of metal nanoparticles
Zeitschrift fur Krystallographie, 222, 605-611 (2007). 
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