Wavelet Analysis of EXAFS Spectra

Murzin Vadim




EXAFS

Extended X-ray Absorption Fine Structure
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Fourier Transformation(FT) of EXAFS spectra




Wavelet Transformation (WT)

WT (a,b) = fjf(t)w (t bjdt

P — “Mother wavelet” function ——f\/\/\/\v

b — translation parameter \/\/\/\——




WT for EXAFS
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WT for EXAFS
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FT vs. WT

Fourier Transformation
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FT vs. WT

Fourier Transformation Wavelet Transformation
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Problem: Solution:
If several groups of atoms are at close The contributions become distinguishable
distances their contributions combine with the help of wavelet transformation.
in a complicated way. The position at k-axis mostly depends on

atomic number of the scattering atom.
The higher Z is — the larger k-position of
the peak.



FT vs. WT

Key points:

Wavelet transformation is just another way of processing EXAFS
data. No modifications of an experiment are required.

With Fourier transformation you get the best resolution in R-space.
WT gives you information about k-dependence at the cost of
resolution in R-space. The higher resolution in k-space is, the lower
resolution in R-space you get.

The position of peaks at k-axis mostly depends on atomic number
of the corresponding element. With higher Z you get larger k.



Software for WT of EXAFS

HAMA

WAVES

D:\#Work'\wavelet\hama_fortran.exi
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#* Program for the wavelet transform of EXAFS spectra =
*xxxx developed by Ha. Funke and Ma. Chukalina »sesscsses
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This first FORTRAN verszion needs the wgnuplot.exe file
located in the same directory.

ModelParameters.txt is used to calculated the model.
The file should be located in the same directory.

Please, send your guestions and comments to
funkefesrf .fr or chukalinPesrf.fr

Choose the output file format:
IGOR <one wavel: key=0
ORIGIN <x, y, =>: key=1
key=

Developed by
Harald Funke (IRC-FZR)
Marina Chukalina (IMT-RAS)
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Input File  model tat

Output File model.wt

Start WT

Power ofk 2
Kappa 5

Sigma 1
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Application:
Separation of different contributions in EXAFS
spectra for Re polynuclear complexes

Precipitation of Tc complexes from TcDTPA
solution

Non-stoichiometric Re & Tc carbide
nanoparticles

Monitoring of PdZn alloy nanoparticles
formation



Some standard compounds
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R, A
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Pd PdO
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PdCl,
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Polynuclear Re complexes
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Polynuclear Re complexes
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Tc-DTPA precipitation

TeDTPAsotuton NH,TcO, + N,H, + HNO, + DTPA
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Re nanoparticles from polynuclear complexes
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Tc & TeC,

Thermal decomposition of
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PdZn nanoparticles from PdZn(OAc),-H,0
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Oxidation of PdZn nanoparticles
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Conclusions

The examples shown above clearly demonstrate
that the WT is indeed a quite informative and instructive
way to represent EXAFS spectra prior to more thorough
model-based quantitative analysis.

Elements with different atomic numbers Z
(typically, from different rows of the Periodic system) are
characterized by clearly distinguishable positions along
the k axis of the wavelet maps.

The wavelet representation is especially useful for
complex and nanostructured materials with mixed-ligand
coordination of metal atom:s.



Thank you for your attention!




