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CuMoO4
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CuMoO4 AT LOW TEMPERATURES - XANES

CuMoO4 Phase transition T

α -> γ 200-120K

γ -> α 230-280K

1s(Mo)->4d(Mo)+2p(O)

Linear combination analysis of Mo K-edge XANES allows one to reconstruct the hysteresis 

curve that describes the phase transition.

TheoryExperiment

PETRA III beamline P65
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CuMoO4 AT LOW TEMPERATURES - EXAFS
Experiment

Experimental EXAFS spectra show significant differences between α un γ phases.
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EXAFS DATA ANALYSIS

Regularization based technique (EDARDF code)

Regularization method: Yu.A. Babanov et al., Phys. Stat. Solidi (B) 105 (1981) 747.

EDARDF: A. Kuzmin, Physica B:Condensed Matter 208 (1995) 175–176.

using regularization-based technique

γ → α phase transition occurs gradually, the molybdenum 

coordination by oxygen atoms changes from strongly distorted

octahedral to less distorted tetrahedral.

MSRD = mean-square relative displacement
𝝈𝟐 = 𝝈𝒔𝒕𝒂𝒕𝒊𝒄

𝟐 + 𝝈𝒕𝒉𝒆𝒓𝒎𝒂𝒍
𝟐
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EXAFS DATA ANALYSIS
Reverse Monte Carlo modelling

with evolutionary algorithm approach

Random displacements
of atoms (or some other
update of 3D structure)

Testing agreement of 
theoretical data with 

experimental

Calculations of EXAFS data

Initial
structure
model

1

4

2

3

N, R, σ2Analysis of final structure5
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EXAFS DATA ANALYSIS
Reverse Monte Carlo modelling

with evolutionary algorithm approach
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At T=250 K, two phases coexist.



EXAFS DATA ANALYSIS
Reverse Monte Carlo modelling

with evolutionary algorithm approach

RMC/EA modelling allows one to follow the variation of

local environment in low-symmetry structures as

CuMoO4 on temperature.
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CuMoO4 AT HIGH TEMPERATURES-XANES

Rare temperature dependence of XANES region at the Cu K-edge is observed.

𝑘 → 0; 𝑒−2𝑅𝑖𝑘
2𝜎𝑖

2
→ 1
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Temperature effect on XANES - examples
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THEORETICAL XANES CALCULATIONS
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M. Wiesmann, et al., J. Solid State Chem. 132 (1997) 88-97.

The use of equilibrium atomic positions obtained from XRD does not allow one 

to obtain good agreement between the experimental and calculated XANES even 

when temperature dependence of the unit cell parameters is considered. 
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HOW TO ACCOUNT FOR TEMPERATURE IN XANES?

MSD - mean-square displacement
MSRD - mean-square relative displacement

+ MSRD(T)

𝑴𝑺𝑹𝑫𝑨𝑩 = 𝑴𝑺𝑫𝑨 +𝑴𝑺𝑫𝑩 − 𝑪𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒊𝒐𝒏
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CuMoO4 AT HIGH TEMPERATURES-EXAFS
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CuMoO4 AT HIGH TEMPERATURES
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Reverse Monte Carlo modelling

with evolutionary algorithm approach

Average Wyckoff positions calculated for RMC structure models are close to those of XRD.
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CuMoO4 AT HIGH TEMPERATURES-XANES RESULTS

The simulated XANES spectra 

are in good agreement with the 

experiment and reproduce the 

main temperature dependence 

of XANES features. 

The reduction of correlation in atomic

motion between Cu and axial O atoms

occurs upon temperature increase.

This dynamic effect is proposed to be

the main cause for the temperature-

induced changes in the O2− → Cu2+

charge transfer processes.
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RMC results (f)

(g)
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SUMMARY AND CONCLUSIONS

Treatment of disorder effects in X-ray absorption spectra by reverse Monte Carlo simulations: CuMoO4 case                        Inga Pudza IUCr25
19

Structural models obtained by 

RMC were used to simulate the 

Cu K-edge XANES spectra to 

account for temperature 

effects.

The reduction of correlation in

atomic motion between Cu and

axial O atoms occurs upon

temperature increase.

At high temperatures, 

experimental Cu K-edge X-ray

absorption spectra show well 

pronounced temperature 

effect.

Data analysis of EXAFS spectra

at the Cu and Mo K-edges

simultaneously by RMC method,

allows one to follow the

temperature variation of the

local environment in low

symmetry materials as CuMoO4.
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At low temperatures, γ→α

phase transition occurs 

gradually, the molybdenum 

coordination by oxygen atoms 

changes from strongly distorted
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