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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 



Alfred-Marie LIENARD  
(1869-1958) 
The concept of retarded 
potentials in the calculation on 
the effects due to the motion of 
charged particles  

Edwin Mattison McMillan 
(1907 –1991) 
Developed the first 
synchrotron at Berkeley; 
Built in 1946 

History of synchrotrons 

Vladimir Veksler  
(1907 –1966) 
Developed the principles of 
synchrotron design 

Synchrotron radiation: 1947 
GE synchrotron 

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


Ed Stern, Dale Sayers, Farrel Lytle 

History of XAFS 



Absorption Coefficient and Fine Structure 

𝐼𝐼 = 𝐼𝐼0𝑒𝑒−𝜇𝜇𝜇𝜇 

Beer – Lambert Law: 

Absorption edges: 
(M. de Broglie, 1913) 

Victoreen formula: 

𝜇𝜇 𝐸𝐸 = 𝑎𝑎𝐸𝐸−3 + 𝑏𝑏𝐸𝐸−4 

Frische and Hertz, 1920 
(observed) 
Kronig: LRO, 1931 
Stern, Sayers, Lytle, SRO, 1971 

Fine structure 



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: 
 

 Identities of nearest neighbors 
 Coordination numbers of nearest neighbors 
 Interatomic distances relative to the absorber 
 Bond length disorder (static and dynamic) 
 Charge states of elements 



Physica B 208 & 209 , 
334 (1995).  

Nature Materials, 3, 
703-708 (2004).  

J. Mater. Chemistry 22, 
7028-7035 (2012)  J. Mater. Chem. B 1, 

1968-1976 (2013)  

Materials properties 

Phys. Rev. Lett. 97, 195502 (2006).  

Phase transitions 

J. Phys. Chem. B, 105, 12689-12703 (2001).  

J. Am. Chem. Soc. 130, 1093-1101 (2008).  

Nanoparticles 

Environmental science 

Environ. Sci. 
Technol. 46, 
7018-7026 
(2012)  

J. Biological Chemistry, 
44 , 34335-34343 (2000).  

Nat. Struct. Biology, 10 , 
98-103 (2003).  

Structural biology 

Nature 255, 
1093-1096, 
2008.  

Novel materials 

ACS Nano 9, 10790-
10800 (2015)  

App. Phys. Lett.106, 042904 (2015)  

Angew. Chem. Int. Ed. 
51, 1148-1151 (2012)  

J. Am. Chem. Soc., 120, 1998 

Catalytic 
mechanisms 

Anal. Chem., 86, 
8368-8375 (2014)  
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Data analysis methods 
1) Using analytical EXAFS equation 

Same parameterization for single and  
multiple-scattering paths. 
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•Parameterization of structural models for EXAFS 
data fitting 
•FEFF theory 
•Error analysis 



2) Linear combination methods 

Fitting methods (using EXAFS theory) break down:  
 -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-ALS)  
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NiO + H2 →Ni + H2O 

CuO Cu 

   CuO + H2 →Cu + H2O,      or 

2CuO+CO→Cu2O+CO2                                                
Cu2O+CO→2Cu+CO2 



Resources 

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

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

Tutorial materials: 
 XAFS.org (IXAS Wiki) 
 


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Theory of EXAFS and XANES
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14

