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Abstract. Scheelite-like compounds based on SrMoO, have been studied. Based on X-ray
structural data, models of Sr1.3xBixM00Os structures (x=0.2125) are constructed, at x>0.175, a
superstructural ordering is observed associated with the location of cationic vacancies. From the
first principles, calculations of the density of states in the vicinity of the forbidden zone are
performed. The calculated values of the band gap width were compared with the values obtained
from the reflection spectra.

1. Introduction

Scheelite-like compounds with the general formula ABO4 (An+ - cationic sublattice, BOn- - anionic
sublattice) are well studied, while the relative ease of replacing metal positions determines many
variations in the chemical composition that allow fine adjustment of their functional characteristics. As
a result, these compounds are still attractive from the point of view of finding new materials for
scintillators, LED lasers [1, 2], ion conductors [3], phosphors [4], photocatalysts [5], microwave
dielectrics [6], etc. It is possible to solve this problem of parameter optimization by using modern
methods of structure modeling.

2. Theoretical analysis

Strontium molybdate SrMoOs crystallizes in the structural type of scheelite (pr. gr. 141/a), it is
constructed from molybdenum-oxygen etrahedron, between which eight-aligned strontium atoms are
located [7]. The replacement of strontium positions in SrMoO4 with bismuth is possible by the formation
of cation-deficient phases. The solid solution Sri1.3xBi>»xM0QO4 (x<0.4) was first studied in [8], where its
high catalytic activity was noted, but its detailed study was not carried out. Bismuth substitution leads
to an improvement in the photocatalytic characteristics [8, 9], a decrease in the band gap width, melting
temperature and sintering of samples. It was shown in [8, 10] that when doping with bismuth, a
significant distortion of the structure and compression of the unit cell of strontium molybdate is
observed, the presence of a superstructural ordering for compositions with a high content of vismut
(0.15<x<0.25 Sr1.3xBi2xM00.) is noted.
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To refine the models of active centres given in the literature, obtained on the basis of experimental
results, the calculation of the electronic structure of scheelite nanoclusters, including intrinsic and
impurity defects, is of undoubted interest.

3. The experimental part

Initially, "SrMoO," clusters based on SrMoO, were studied, the coordinates of atoms from [7] were
used to model the structure. Cells with a size of 2x2x1 are pre-constructed, the atoms connected to the
rest of the structure by single bonds are removed. Then we considered “SrMoO4-H": the previous cluster,
whose surface bonds are saturated with hydrogen [11]. The next type is "SrMoQO4-BiH": clusters based
on SrMo0Q4, with the replacement of one strontium atom with bismuth, the cluster structure is optimized.
During optimization, the coordinates of all atoms were fixed, except for Bi and the first coordination
sphere around it. And finally "BiSrMoO," clusters based on structural data [12], cell 1x1x1. Atomic
coordinates and crystallographic information for the composition of Sro 4Bio.sM0O4 were used to
construct a cluster model.

Calculations of the electronic structure of crystals using the DFT method were performed by the Q-
chem program in the remote access mode on the North Caucasian Federal University server [11]. The
use of the quantum-chemical approach makes it possible to model the necessary defective structure of
any complexity, but the application to the elements in the lower half of the Periodic table due to the
large number of electrons in heavy atoms is more difficult than to lighter atoms. Bismuth imposes certain
restrictions on the choice of wave functions. Due to the presence of a large number of core electrons,
which do not play a significant role in chemical behavior, we decided on the use of effective nuclear
potentials (ECP).

The most applicable basis sets are compressed sets of atomically centered Gaussian functions: the
universal basis (UGBS), the Christiansen-Ross-Ermler-Nash-Bursten set (CRENBL) and the Karlsruhe
"def2" basis sets with ECP, which are recommended to be used from Na to Bi [13].

4. Results and discussion
To calculate the density of states in the vicinity of the forbidden zone, an effective nuclear potential was
used, which makes it possible to significantly reduce the cost of machine time and use large nanoclusters.

Figure 1 shows the PS (density of states) spectra in the vicinity of the ZZ for the clusters "SrMoO.”,
“SrMoOs-H", “SrMo0Os-BiH” and "BiSrMoO4", the broadening parameter was assumed to be 0.1 eV.
The values of AEg (ZZ width) obtained experimentally and as a result of calculation by various methods
are shown in table 1.

The distribution of the density of states in the vicinity of the SrMoO4 ZZ includes a number of
additional local energy levels in the forbidden zone (figure 1(a)), which are eliminated when the broken
bonds are saturated with hydrogen (figure 1(b)). The introduction of bismuth does not lead to the
formation of local levels in the ZZ, a decrease in the value of AE4 occurs due to an overexpression of
the electron density.

Table 1. Values of the forbidden zone width Sr1.3xBixM00Qs.

Composition Method Eg, eV Research data, eV
calculation 51 submitted work
experiment 4.4 [12]
SrMoO. calculation 5.35 [14]
calculation 4.2 [14]
experiment 3.26 [12]
Sr0.925Bi0.0sM004 experiment 3.27 [12]
Sro.5Bi0.10M0O,4 experiment 3.26 [12]
Sro.70Bi0.20M0O4 experiment 3.17 [12]
Sro55Bi0.30M004 experiment 3.01 [12]

Sro.40Bio.40M0QO4 experiment 4.32 9]
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SrMo0Os experiment 3.70 [9]
SrMo004:2.5%Bi** experiment 3.52- [9]
SrMo004:5.0%Bi** experiment 3.42 - [9]
SrMo04:7.5%Bi%* calculation 4.1 submitted work
Sro.70Bio.20M004 calculation 25 submitted work
Sro.40Bio.40M00O4 calculation 4.93 [15]

BaMoO4 calculation 4.10 [15]
BaMoO, distortion calculation 4.92 [16]
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Figure 1. Partial electron density of states: for a cluster “SrMoQO4” (a), for a cluster
“SrMo0O4-H” (b), for a cluster “SrMoO4-BiH" (¢), for a cluster “BiSrMoO4”(d).

The decrease in AEg when bismuth is introduced into the structure of strontium molybdate is shown
for the Sr1-xBixMoQOa+x/2 series in [8] from the reflection spectra, by approximating the linear sections
of the Tautz function. The analysis of DOS [14, 15, 16, 17] indicates that the upper part of the valence
band consists mainly of O orbitals (2px, 2py and 2p;), the smaller contribution is made by the Ca and Mo
orbitals. The lower part of the conduction band is obtained mainly from the Mo 4d orbital. Comparison
with our results (figure 1) can be associated with a large contribution of the interelectron interaction in
guantum chemical methods: oxygen makes an insignificant contribution to the formation of the
boundary levels of the ZZ.

The introduction of bismuth (figures (1c) and (1d)) leads to a significant narrowing of the band gap
(table 1), which can be associated with a distortion of the crystal lattice. The same effect was found in
[15], where theoretical calculations gave a value of AEG=4.93 eV for BaM0O4, which does not contain
dislocations, and in a distorted structure, AE4=4.10 eV was obtained. The effect of surface treatment
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[18] (a change in the surface state contributes to an increased concentration of small defects) on the PL
spectra in CaMoQy is observed. The influence of the disordering of the structure on the width of the ZZ
was also noted in [14]. Consequently, the substitution of strontium bismuth in SrMoO4 molybdenum,
accompanied by the generation of catonic vacancies, affects the energy parameters of polycrystalline
samples Sri-3xBixM0Oa.

5. Conclusion

The large variation in the estimation of the band gap width is not so much due to the unreliability of
experimental and computational methods, it's about the object itself. The plastic structure of the neck
allows generating its own or introducing impurity bulk and surface defects that affect the electronic
structure, redistribute the electron density and create local levels in the band gap. Thus, there is a way
to control the properties of materials by regulating the electron density.
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