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EXAFS analysis is Kong-Fu
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Cultivating the inner power (Qi)
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Standing on the shoulder of Giants
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Origin of 𝑘



Origin of phase 2𝑘𝑅𝑗
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• Core hole lifetime ~ 10-15 s (1 fs, K-edge)

• Photoelectron wave interference (~ 10-16 s)

• Spherical out-going wave: Ψ𝑜 =
𝑒𝑖𝑘𝑅

𝑅
 (𝑘 =

2𝜋

𝜆
)

• Back-scattered wave: Ψ𝑠𝑐 = 𝑇𝑗(2𝑘)
𝑒𝑖𝑘 𝑅−𝑅

𝑗

𝑅−𝑅𝑗

 (𝑇𝑗 2𝑘 : amplitude of 

backscattering, depending on the character of the back-scatter)

• When r = 0, at the absorber, Ψ𝑜Ψ𝑠𝑐 = 𝑇𝑗(2𝑘)
𝑒𝑖2𝑘𝑅

𝑗

𝑅𝑗
2



Origin of phase shift 𝛿𝑖𝑗 𝑘
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• Euler equation: 𝑒𝑖𝑥 = 𝑐𝑜𝑠𝑥 + 𝑖𝑠𝑖𝑛𝑥

• Potentials add phase shift: 𝑇𝑗(2𝑘)
𝑒

𝑖[2𝑘𝑅
𝑗
+𝛿

𝑖𝑗
𝑘 −

𝜋
2]

𝑅𝑗
2

• 𝐼 ∝ Ψ 2

• χ𝑗 𝑘 = 𝐴
𝑇𝑗(2𝑘)

𝑅𝑗
2 sin[2𝑘𝑅𝑗 + 𝛿𝑖𝑗 𝑘 ]

• 𝛿𝑖𝑗 𝑘 = 2𝛿𝑙 𝑘 + 𝛽𝑗(𝑘)



Origin of phase shift 𝛿𝑖𝑗 𝑘
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•  𝛿𝑖𝑗 𝑘 = 2𝛿𝑙 𝑘 + 𝛽𝑗(𝑘)

Teo, B. K. & Lee, P. A. Journal of the American Chemical Society 1979, 101, 2815–2832.



Origin of backscattering amplitude 𝐹𝑗 𝑘

13

• χ𝑗 𝑘 = 𝐴
𝑇𝑗(2𝑘)

𝑅𝑗
2 sin[2𝑘𝑅𝑗 + 𝛿𝑖𝑗 𝑘 ]

•
𝐹𝑗 𝑘

𝑘
= 𝐴𝑇𝑗(2𝑘)

• χ𝑗 𝑘 =
𝐹𝑗(𝑘)

𝑘𝑅𝑗
2 sin[2𝑘𝑅𝑗 + 𝛿𝑖𝑗 𝑘 ]
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Debye-Waller factor 𝜎𝑗
2
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• Thermal vibrations (Gaussian disorder)
• Two models can be used to minimize independent points when fitting:

• Debye temperature model

• Einstein approximation model 

• Structural disorder
• EXAFS analysis resolution: Δ𝑅 ≥  𝜋/2∆𝑘

• When ∆𝑘 = 12 (k-range: 3 – 15 Å-1), Δ𝑅 > 0.13 Å
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Mean free path 𝜆(𝑘)
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• Core hole lifetime ~ 10-15 s (1 fs, K-edge)

• Photoelectron wave interference (~ 10-16 s)

• 𝜆(𝑘) is equivalent to a finite lifetime to the excited state



Pause and Quiz

• Why 𝜆 𝑘  is a function of 𝑘?

• Which one caused a double peak in Ni-Pt single scattering path?
• A. 𝐹𝑗 𝑘

• B. 𝛿𝑖𝑗 𝑘
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Two steps that appear to be underutilized in studying EXAFS are to 
plot any final curve based on analytically determined parameters to 
see if the results are consistent with the raw data. In particular, it is 
important to see whether small differences that may be indicated in 
the analysis can really be detected in the original data. The other 
approach is to use modeling programs to model the results and take 
their transforms. One must be able to adjust any parameter to see if 
it has a significant effect on the results when compared to the data, 
either visually or using some numerical criteria.

-----D. E. Sayer and B. A. Bunker



EXAFS Equation
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𝜒 𝑘 = ෍

𝑗

𝑆0
2𝑁𝑗

𝑘𝑅𝑗
2

𝐹𝑗 𝑘 𝑒−2𝑘2𝜎𝑗
2

𝑒
−

2𝑅𝑗
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Amplitude reduction factor

Back scattering amplitude

Debye-Waller factor
Phase Shift

Mean free path of photoelectron 

Phase by scatter



NiO EXAFS and crystal structure
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Calculating 𝑓 𝑘 , 𝛿 𝑘 , 𝜆(𝑘) from FEFF
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feffNNNN.dat file contains:

• Path geometry
• Data for 𝑓 𝑘 , 𝛿 𝑘  𝒂𝒏𝒅 𝜆 𝑘

Visualizing these data will increase 
the understanding of EXAFS equation



Calculating 𝑓 𝑘 , 𝛿 𝑘 , 𝜆(𝑘) from FEFF
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feffNNNN.dat file contains:

• Path geometry
• Data for 𝑓 𝑘 , 𝛿 𝑘  𝒂𝒏𝒅 𝜆 𝑘

Visualizing these data will increase 
the understanding of EXAFS equation

*You need to interpolate the data 
before making plots
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Thank you for your attention!
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