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Introduction
Rare‐earth (RE) doped tungstates and molybdates with a chemical formula
AW(Mo)O4 have a long history of practical applications because of their unique
luminescence properties. Although it is generally accepted that RE(III) ions
substitute A(II) ions, only a few experimental studies exist in the literature [1]
on the location of dopant ions in the AW(Mo)O4 crystal structure. The
experimental difficulty arises from the low sensitivity of diffraction methods to
small RE‐dopant concentration. In this study, we used EXAFS spectroscopy
combined with the reverse Monte Carlo (RMC) simulations to probe the local
environment of the Nd(III), Eu(III), Ho(III), Er(III), and Yb(III) ions in
microcrystalline SrMoO4:0.3 mol%RE.

The financial support provided by the LCS project No. lzp‐2019/1‐0071 (AK & IP) and the SEDA project No.
1.1.1.2/VIAA/3/19/444 (agreement No. 1.1.1.2/16/I/001) (GB) realized at the Institute of Solid State Physics, University
of Latvia are acknowledged.

References
[1] Vishwamittar and S. P. Puri, J. Chem. Phys. 61 (1974) 3720; W. Shao‐Yi and D. Hui‐Ning, Spectrochim. Acta A 60 (2004) 1991; S.‐Y. Wu, H.‐N. Dong, W.‐Z. Yan, X.‐Y. Gao, Phys. Status Solidi (b) 241 (2004) 1073; I. Trabelsi, M. Dammak, R. Maâlej,
M. Kamoun, Physica B 406 (2011) 315; H.‐g. Liu, Y. Mei, W.‐c. Zheng, Phys. Scr. 85 (2012) 035708; H. Li, X.‐Y. Kuang, A.‐J. Mao, Z.‐H. Wang, Solid State Commun. 189 (2014) 47; B. Wu, W. Yang, H. Liu, L. Huang, B. Zhao, C. Wang, G. Xu, Y. Lin,
Spectrochim. Acta A 123 (2014) 12.
[2] E. Welter, R. Chernikov, M. Herrmann, R. Nemausat, AIP Conf. Proc. 2054 (2019) 040002.
[3] J. Timoshenko, A. Kuzmin, J. Purans, J. Phys.: Condens. Matter 26 (2014) 055401; J. Timoshenko and A. Kuzmin, Comp. Phys. Commun. 180 (2009) 920. 
[4] A. L. Ankudinov, B. Ravel, J. J. Rehr, S. D. Conradson, Phys. Rev. B 58 (1998) 7565–7576.
[5] I. C. Nogueira et al., J. Appl. Cryst. 46 (2013) 1434.

Experimental & Data Analysis
X‐ray absorption spectroscopy experiments were performed at the PETRA‐III
P65 beamline [2] at the Sr and Mo K‐edges and RE L3‐edges. The experimental
EXAFS spectra were analyzed using the reverse Monte Carlo (RMC) simulations
[3]. The EXAFS spectra were generated by the FEFF8.5L code [4]. The starting
structural model was constructed based on the known crystallographic data
obtained by diffraction for SrMoO4 [5]. Atomic positions were relaxed to
account for thermal disorder and static displacements till good agreement
between the Morlet wavelets of the experimental and calculated EXAFS spectra
was achieved. From the final atomic coordinates, a set of the partial radial
distribution functions (RDFs) for different atomic pairs was obtained. RMC
simulations were performed independently for undoped and RE‐doped SrMoO4.

2 4 6 8 10 12 14 16
-2

-1

0

1

2

 Exper.
 RMC

 

 

E
X

A
F

S
 

(k
)k

2  (
Å

-2
)

Wavenumber k (Å-1)

Sr K-edge
T=10 K

0 1 2 3 4 5 6
-0.6

-0.3

0.0

0.3

0.6

 Exper.
 RMC

Sr K-edge
T=10 K

 

 

F
T

 
(k

)k
2  (

Å
-3

)

Distance (Å)

Exp. RMC

2 4 6 8 10 12 14 16
-2

-1

0

1

2

 Exper.
 RMC

 

 

E
X

A
F

S
 

(k
)k

2
 (

Å
-2

)

Wavenumber k (Å-1)

Mo K-edge
T=10 K

0 1 2 3 4 5 6
-0.8

-0.4

0.0

0.4

0.8

 Exper.
 RMC

Mo K-edge
T=10 K

 

 

F
T

 
(k

)k
2
 (

Å
-3

)

Distance (Å)

Exp. RMC

0 1 2 3 4 5 6
0

20

40

60 T=10 K
 Mo-O
 Sr-O
 Mo-Sr
 Mo-Mo
 Sr-Sr

R
D

F
 g

(r
) 

(a
to

m
s

/Å
)

 

 

Distance (Å)

0 1 2 3 4 5 6
0

20

40

60 T=300 K
 Mo-O
 Sr-O
 Mo-Sr
 Mo-Mo
 Sr-Sr

R
D

F
 g

(r
) 

(a
to

m
s/

Å
)

 

 

Distance (Å)

0 1 2 3 4 5 6
0

20

40

60 T=150 K
 Mo-O
 Sr-O
 Mo-Sr
 Mo-Mo
 Sr-Sr

R
D

F
 g

(r
) 

(a
to

m
s

/Å
)

 

 

Distance (Å)

Multi‐edge RMC analysis of the Sr and Mo K‐edges

RMC analysis of the RE L3‐edges
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RMC simulations using 4x4x2 supercells and based on the XRD data [5] reproduce well the Sr and Mo K‐edge
EXAFS spectra of SrMoO4. Calculated partial RDFs have weak temperature dependence in the range of 10‐300 K.

Example of the RMC simulation for
SrMoO4:0.3 mol%Er at 10 K. Similar
results were found for other RE ions.
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Final model Local structure around RE ions

CONCLUSIONS

• RE(III) ions substitute Sr(II) ions but are located in the
off‐center position due to their smaller ion size.

• RE(III) ions are surrounded by 8 oxygen atoms which are
divided into two groups: 5 atoms located in the range
of 2‐2.7 Å and 3 atoms located in the range of 2.7‐3.5 Å.
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