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Talk Outline
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• X-ray Absorption Spectroscopy (XAS) 
• Experiment 
• Theory
• Advanced Methods of Data Analysis (MD/RMC/ANN-EXAFS)

• Applications to Functional Materials
• Thermochromic Copper Molybdate and its Solid Solutions  
• Polaronic Centers in Proton-intercalated Scheelite-type Tungstates
• Photochromic Yttrium Oxyhydride 

• Conclusions
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Non-destructive Direct Structural 
Experimental Methods
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Basics of X-ray Absorption Spectroscopy 
(XANES/EXAFS)
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What can EXAFS Spectroscopy do?
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Most elements Any aggregation states

solid liquid   gas

Any dimensionality

Extreme conditions
pressure & temperature

electric & magnetic fields

Diluted samples
down to 1 mmol/L

Time-dependent studies
• minutes
• ms
• down to ps (XFEL)



Materials Modelling Day, 12 September 2025, Tartu, Estonia

Typical uses of X-ray Absorption Spectroscopy
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Basics of EXAFS Theory
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N-body expansion: 

A. Filipponi, A. Di Cicco, C. R. Natoli, Phys. Rev. B 52 (1995) 15122.

Gaussian model:

𝜒 𝑘 = 𝑆0
2𝑵

𝑓𝑒𝑓𝑓(𝑘, 𝑅)

𝑘𝑹2
𝑒−2𝑹/𝜆(𝑘) sin 2𝑘𝑹 + 𝜙(𝑘, 𝑅) 𝑒−2𝑘

2𝝈𝟐

D.E. Sayers, E.A. Stern, F.W. Lytle, Phys. Bev. Lett. 27 (1971) 1204.
R

g2(R)

RDF

Advanced 
analysis

Conventional 
analysis

Multiple-scattering 
(MS) paths 

N-body distribution functions
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What Information (Shortlist) can be obtained 
from XAS Spectra?
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Conventional analysis:
• Interatomic distances (±0.02 Å)
• Coordination numbers (± 10%)
• Mean square relative displacements (MSRD) (±0.0005-0.002 Å2)
• Oxidation states (from the absorption edge shift)

Advanced analysis:
• Radial distribution functions (RDF)
• Bond-angle distribution functions (BADF)
• Mean square displacements (MSD) 
• Nanoparticle size 
• Theory validation
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Advanced Methods of XAS Analysis 
using Atomistic Simulations
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Computer Codes for XAS Analysis

11

https://www.dragon.lv/edaca/ https://www.dragon.lv/evax/https://gitlab.desy.de/aleksandr.kalinko/xaesa



Materials Modelling Day, 12 September 2025, Tartu, Estonia

X-ray Absorption Spectroscopy of 
Chromogenic Materials

1. Thermochromic copper molybdate and its solid solutions.

2. Structure of polaronic centers in proton-intercalated AWO4 
scheelite-type tungstates.

3. Local structural distortions in photochromic yttrium oxyhydride.
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I. Pudza, A. Kalinko, A. Cintins, A. Kuzmin, Acta Mater. 205 (2021) 116581.
I. Pudza, A. Anspoks, G. Aquilanti, A. Kuzmin, Mater. Res. Bull. 153 (2022) 111910.

Effect of composition Effect of temperature

Mo(W)O4 Mo(W)O6

x, T
Hysteretic phase transition 

Tetrahedron Octahedron

Thermochromic Copper Molybdate and 
its Solid Solutions
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Thermochromic Copper Molybdate and 
its Solid Solutions
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I. Pudza, A. Anspoks, G. Aquilanti, A. Kuzmin, Mater. Res. Bull. 153 (2022) 111910.

Multi-edge (K-Cu, K-Mo, L3-W) RMC simulations

Single structural model!
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I. Pudza, A. Anspoks, G. Aquilanti, A. Kuzmin, Mater. Res. Bull. 153 (2022) 111910.

Jahn-Teller 
distortion
of Cu2+O6

Distorted MoO6

Distorted WO6

Thermochromic Copper Molybdate and 
its Solid Solutions

Cu

O

Oax

O
Oax
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Polaronic Centers in Proton-intercalated AWO4 
Scheelite-type Tungstates
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Ca/Sr/Ba
W
O

(Multi-edge) RMC simulations

Absorption edges: 
L3-W
K-Sr
L3-Ba

W 
off-center

Tetrahedron
WO4

G. Bakradze, E. Welter, A. Kuzmin, Materials 17 (2024) 3071.

Tetragonal I41/a (no. 88)

AW6+O4 + H+ + e-
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Ca/Sr/Ba
W
O
H

CRYSTAL17
DFT LCAO calculations with 
hybrid M06 functional,
2x2x2 supercell with 97 atoms: 
16 Ca (Sr/Ba), 16 W, 64 O, 1 H.

W 
off-center

displacement

Regular [W6+O4] and distorted [W5+O4] tetrahedra in CaWO4, SrWO4, and BaWO4 

according to the DFT LCAO calculations. 
Hydrogen (H) bound to the one of oxygen atoms is also shown.G. Bakradze, E. Welter, A. Kuzmin, Materials 17 (2024) 3071.

Eg (eV)            4.94 6.6      5.08           7.1                5.26   7.3

Polaronic Centers in Proton-intercalated AWO4 
Scheelite-type Tungstates

AW6+O4 + H+ + e-
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Photochromic Yttrium Oxyhydride (YHO)
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H. Arslan, I. Pudza, A. Kuzmin, S. Karazhanov, Appl. Phys. Lett. 124 (2024) 151901.
H. Arslan, A. Kuzmin, V. Kumar Kasi, I. Aulika, D. Moldarev, D. Primetzhofer, M. Wolff, I. Pudza, Ø. Nordseth, S. Karazhanov, Commun. Mater. 6 (2025) 154.

VH
1+  ⎯→ VH

1−

VO
2+  ⎯→ VO

2−

h
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CONCLUSIONS
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• X-ray absorption spectroscopy is a versatile experimental method to 
study local atomic structure and its distortions in functional materials. 

• Extraction of structural information remains challenging but can be 
handled based on advanced simulation methods.

J. Timoshenko and A. Kuzmin, Reverse Monte Carlo and molecular-dynamics approaches to EXAFS analysis,

in International Tables for Crystallography, 

Volume I: X-ray Absorption Spectroscopy and Related Techniques, 

Eds. C. Chantler, F. Boscherini and B. Bunker (IUCr) (Wiley-Blackwell, 2024).

A. Kuzmin, X-ray absorption spectroscopy in high-entropy material research, 

in High-Entropy Alloys: Design, Manufacturing, and Emerging Applications,  

G. Yasin, M. Abubaker Khan, M. Afifi, T. Anh Nguyen, Y. Zhang (Eds.) 

(Elsevier, 2024).
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Thank you for your attention!
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