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Abstract

CaMoO,- and SrMoO,-based scheelite-type phases are noteworthy func-
tional materials, whose properties strongly correlate with their structure.
This work is devoted to La- or Bi-doped scheelite-type molybdates. The
purpose of the present study is to quantify the effect of isolated electron
pairs of bismuth on the distortion of the structure and related properties.
Conventional solid-state technology was used for the synthesis of
(Ca/Sr);-3xLax@Mo0, and Sr;-3Bi@Mo0,, (0.025< x < 0.275). The
structure was investigated by X-ray powder diffraction and Raman spec-
troscopy. Rates of structure distortion were characterised by the analysis
of the autocorrelation function (AAF) of Raman spectra. Energy gaps were
calculated by the Kubelka-Munk method. The conductivity was studied
with a.c. impedance spectroscopy. For (Ca/Sr):-3x(Bi/La).x®xMo00, series
0.025 < x < 0.15 compositions show a basic defect scheelite structure,
while 0.15 < x < 0.225 compositions of Bi-doped samples exhibit tetrago-
nal supercells. The chemical compression of unit cell is more evident in
the case of Bi-doping, indicating the preferred orientation of the isolated
electron pairs. The distortion of MoO, polyhedra showed by AAF was more
significant for Sr;_;Bi«®@xMo00O, than for Sr;_;xLa,®Mo0O,, the Acorr pa-
rameters for Bi-doped compositions were almost double in comparison
with La-doped one in the range of 50-600 cm™ of the Raman shift. The
«critical» x = 0.15 point was also clearly indicated by Acorr parameter.
The AAF of the Raman spectra of solid oxides was shown to be a good tool
for prediction of properties and points of phase transitions in solid oxides.
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o The AAF demonstrated that the isolated electron pair of bismuth plays a key role in the distortion of the Mo-O sublattice.

e The decrease in the calculated energy gap with increasing x-value is observed both for the (Ca/Sr):-3xLa2x®xMo0O4 and

Sri1-3xBi2x®xMo00, systems.

e In contrast to Sri-3xBix®xM00O4 compositions, (Ca/Sr):-3xLax®@xMo0O,4 show the general decrease of conductivity.

© 2023, the Authors. This article is published in open access under the terms and conditions of
the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction and pigments [1, 2], ionic conductors, microwave devices

[3, 4-71, photoluminescent devices [3, 8-10], etc. [1-10].
In recent years, CaMoO4-based and SrMoO,-based phases ysually CaMoO, and SrMoO,-based phases show scheelite-
have attracted interest in many technological fields because type structure, and properties of these complex oxides are
of a broad range of applications. For example, such materi-  strongly correlated with the nature and concentration of

als can be used in catalytic systems, such as photocatalysts  qopants [3, 7-10].
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One of the most popular ways of modifying the properties
of the (Ca/Sr)MoO, systems is A site doping by trivalent Me3*
cations [3, 4, 7-9, 11, 12]. It can be realised in following ways:

1) formation of (A:1-xMxBOg4+x/2) solid solutions as in
works [8, 12, 13];

2) co-substitution in A or B sites by subvalent cations
forming Ai:->xMe3*xMe*xBO4 or A;-xMe3*xB:-xMe5*x0, solid
solutions, respectively [7];

3) formation of cation vacancies (Ai-3xM2x@xBO,4) [11, 12].

In the present work the third way was used. We studied
(Ca/Sr)i-3xLazx®xMo0O,4 solid solutions in comparison with
the (Ca/Sr)i-3xBix®xMo0, solid solutions, where @ is the
cation vacancy. The limiting cases of such systems are CaMoO4
or SrMoO,with an ideal scheelite structure and (La/Bi)2/3M00,
highly distorted [14].
Cai-3xBiax®@xM00, and Sri-3xBi®@xM00, were investigated in
the previous works [11, 15-17]. The (Ca/Sr):1-3xBix®xMo004
compounds were first described by Sleight and Aykan [15]
for the x = 0.04 compositions in the (Ca/Sr):-3xBix®@xMo004
systems. They exhibit the tetragonal scheelite structure.
[11, 16] synthesized compositions in the
Cai-3xBi®xM00O4 system in the range 0.005 < x < 0.20 and
examined their microstructures and microwave dielectric

with a scheelite  structure

Guo et al.

properties. The 0.00 < x < 0.15 compositions were single-
phase and had the tetragonal scheelite structure with cati-
onic vacancies. The x = 0.2 composition was reported to
contain a second unidentified phase. Vibrational spectros-
copy results revealed large distortions of MoO, and BiOs
polyhedra [11] with a strong correlation between the A site
substitution and the microwave dielectric properties. In
later works, additional peaks identified by Guo et al. in the
compositions of Cai-3xBix®@xMo00,4 above x = 0.15 could be
indexed in the tetragonal supercell with asuwp = V5a, Csup = €
(where a and c are the tetragonal scheelite cell parameters)
[16-18]. This superstructure was evident throughout the
compositional range 0.15 < x < 0.225 and was caused by
bismuth ions ordering. The electrical conductivity and the
photocatalytic activity of Cai-3xBi.x®xMoO,4 were found to be
higher in the samples with higher Bi content [17]. In con-
trast, the electrical conductivity and photocatalytic activity
of Sri-3xBix®@xMo004 has not been reported yet, and there are
no vibrational spectroscopy data for such compounds.
Laz/sMo0O, (La:Mo3012) and Biz;zsMoO, (Bi-Mo030:12) were
also reported as conductors [19, 20] and luminescent mate-
rials [21]. Laz/3sMo0O4 and Bi»;3sMoO4, molybdates represent
different structural variants that exist in the defect scheelite.
Both structure types are characterized by a unique ordering
of the trivalent cations and cation vacancies [22]. Bi>/;3sMo0QOy4
(space group P21/c) contains three scheelite subcells per unit
cell, which include tetrahedral pairs of [M020s] groups [23].
This specific ordering is driven by the
asymmetric nature of the Bi3* cation with its directionally
oriented lone pair of electrons, resulting from similar ionic
radii of Bi3* and La3* [22]. In contrast to Bi3*, the asymmetry
for La3* cations is absent from the Laz/3sMo00,4 (space group
C2/c). Therefore, in the case of (Ca/Sr)i-3x(Bi/La)x®xMoO,
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solid solutions the lone electron pair effect of Bi3* is expected to
impact the structure and properties of these compounds [22].

Here we present a study of the (Ca/Sr):-3xLa@xM0O, sys-
tem in comparison with Sri-3xBix®xMo0O4 system, which also
might be expected to be a promising ionic conductor, catalyst,
dialectic material, etc. The structural features were examined
using X-ray diffraction and Raman spectroscopy. The autocor-
relation function analysis was used to examine trends in sim-
ilar samples of Bi- and La-doped strontium molybdates. The
decreasing trend in the energy gap values calculated using the
Kubelka-Munk method and UV-Vis spectroscopy was shown.
The conductive properties of doped strontium molybdates
were examined by impedance spectroscopy.

2. Experimental

Compositions of the general formula
(Ca/Sr)1-3xLax®xMo0, and Sri-3xBix®xMo0,, (0.025<x<0.275)
series were synthesized by a conventional solid state
method [18] from SrCO;3 (99.0%, Reakhim), Bi»O3; (99.9%,
Merck), La203 (99.9%, Merck) and MoOs (99.5%, Reakhim)
in the range of 600-900 °C and 500-700 °C respectively.
The density of the homogeneous powders (pexp) was deter-
mined using 2 ml pycnometers with distilled water as the
displacement liquid.

X-ray powder diffraction data were obtained using a
Bruker Advance D8 diffractometer with a VANTEC1 detec-
tor (Ni filtered Cu Ka radiation, 6/6 geometry) in Ural-M
center of Institute of Metallurgy. The data were collected in
the 20 range of 6-120°, in steps of 0.02103° with an effec-
tive scan time of 200 s per step.

Raman spectra were obtained for Sri-3x(Bi/La)2x®@xMo0O4
series with a Horiba LabRam HR800 Evolution spectrome-
ter equipped with an Olympus BX-FM confocal microscope
(50x objective, numerical aperture = 0.7) and He-Ne laser
(radiation wavelength 633 nm) and 600 gr/mm grating.
The spectral resolution was about 1 cm™, and the spatial
lateral resolution was about 2 pm. The spectra were fitted
using a Gaussian-Lorentzian model. The UV-Vis spectra
were obtained in the range 350-1100 nm using a Thermo
Scientific Evolution 300 spectrophotometer equipped with
an integrating sphere. Energy gaps for direct inter-band
transitions were calculated by linear approximation of the
Kubelka-Munk function [24]. The a.c. impedance spectra
were obtained with an Elins Z-3000 impedancemeter for
ceramic samples of (Ca/Sr)i-3xLax®xM00O,4 and Sri-3xBizx®Px-
MoO4 with platinum electrodes.

3. Results and Discussions

Figure 1 shows the X-ray diffraction patterns of representa-
compositions in the Cai-zxLax®xMoO4
Sri-zxLa®@xMo0O, systems. In the compositional range
0 < x £0.15, the patterns of (Ca/Sr)i-3xLax®xMo0O4 can be
indexed using a tetragonal scheelite model in the space

tive and

group I4:/a with no additional reflections.
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Figure 1 Detail of X-ray diffraction patterns of selected compositions of the (Ca/Sr),_;.La,®@M0o0O, systems. Peaks of La,M030,, are marked

with asterisks.

XPRD patterns of x 20.2 compositions contain reflec-
tions of (Ca/Sr)MoO, and La-Mo030:. phases. In the
Sri-3xBi2x®@xM00, system (0< x < 0.125), the patterns were
indexed using a tetragonal scheelite model, while the pat-
terns for the (0.125< x < 0.225) compositions were indexed
using a superstructured scheelite model (asup= v5asub, Csup=
Csub), as in the previous studies [17, 18].

The compositional dependence of the unit cell parame-
ters is shown in Figure 2. A general decrease in the unit cell
parameters is observed over the compositional range stud-
ied, which is attributable to the substitution of Sr** by
smaller Bi3* and La3*cations with ionic radii of 1.26, 1.17 A
and 1.16 A, respectively [25]. The opposite correlation is ob-
served for Ca** replaced with Bi3* and La3*cations: due to
its smaller ionic radius of 1.12 A [25] the unit cell parame-
ters generally increase. Two linear ranges for both basic
and superstructured complex oxides are observed for the
Bi-doped Cai-3xLazx@xMoO4
Sri-3xLa2x®@xMo0O4 no additional ordering was observed, and
there is only one linear range on the graphs. The chemical
compression of the unit cell of bismuth-substituted SrMoO,
is more significant than that in the case of doping by lan-
thanum. This indicates that the average ionic radii of bis-
muth can be less than 1.17 A, probably due to the preferred
orientation of 6s? electronic pair of bismuth. The measured
densities are in good agreement with the theoretical values
calculated from the X-ray data (within 2%). Bi-doped sam-
ples showed the most intensive growth of density with x.

Changes of structure of Bi- and La-doped strontium mo-
lybdates were investigated with Raman spectroscopy. The
general compression of unit cell of Sri-3x(Bi/La)2x®xMo0O,

compositions. For and
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results in more evident distortion of the structure frag-
ments, whereas the general expansion of Ca;-3xLazx@«MoO4
can result in a minimisation of the distortion. The recorded
Raman spectra are shown in Figure 3. The lattice vibrations
in the scheelite-structured compounds include internal
modes that correspond to vibrations inside the [M004]*" tet-
rahedra and external modes that are assigned to lattice vi-
brations. Because of crystal field effects and Davydov split-
ting, the degeneracy of the [MoO4]*" vibrations correspond-
ing to Td symmetry in free space is resolved.

The group theoretical analysis predicts that 26 modes
are possible in the case of tetragonal scheelite-structured
compounds in space group I4./a, which are distributed as
irreducible representations [26-28]: I' = 3Ag + 5Bg + 5Eg +
5Au + 3Bu + 5Ey, of which the Ag, Bg and Eg vibrations are
Raman active, whereas the Ay, Bu and Eu vibrations are in-
frared active. In the present study, 13 vibrational modes are
observed for the end member SrMoO,, which is in good
agreement with previous experimental and calculated re-
sults for this composition [26-28]. According to the previ-
ous studies, the modes in the low-frequency range of spec-
tra (modes 1-6 in Figure 3) correspond to the external
modes of O-Mo-0 and O-Sr-O bands [29-31], while me-
dium and high frequency ranges contain internal vibrations
(modes 7-13 in Figure 3). The Mo-O bending modes are
found to be located at medium frequencies (v> and vy,
modes 7-10) while the Mo-0 stretching modes are detected
at high frequencies (v: and v3, modes 11-13) [27-29, 11].

Doping of strontium molybdates with Bi3* and La3* leads
to a broadening of peaks in the Raman spectrum and the
appearance of additional modes.

DOI: 10.15826/chimtech.2023.10.4.11
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Figure 2 Unit cell parameters, unit cell volume (a), calculated and measured densities (b) of (Ca/Sr),-;La@PMo0O, and
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Figure 3 Raman spectra of selected compositions in the Sr,_;Bi,«®M00, and Sr;_5,La,®Mo0, systems. Additional modes are shown in

grey color.

The following additional modes were detected: “mode-
14” at 80-87 cm™, “mode-15” at 406-412 cm™, “mode-16” at
770-790 cm™ and “mode-17 and 18” at 925-932 cm™. Modes-
14-16 are probably associated with distorted MoO, tetrahe-
dra as it was suggested by Guo et al. [11] in the case of
Cai-3xBin®xM00O, system. The modes-17 and 18 have been
previously detected for SrMoO, at high pressure (12 GPa)
[30], where SrMoO,4 had a distorted scheelite structure, and
these modes were also associated with vi Mo-0O stretching
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vibrations. In this work chemical compression of the unit cell
can result a similar distortion of MoO, polyhedra. Hence
“mode-17” and “mode-18” can be also ascribed to a short Mo-
O bondvibration.

Unfortunately, the compositional variations of these modes
and the full width at half maximum (FWHM) are not absolutely
clear because of significant broadening of the peaks.

Figure 4 shows the examples of peak fitting for several
compositions, indicating a high overlap of spectral lines.
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We can only point out the general increasing trend of
FWHM values with increasing x-value. This indicates a var-
iation in the length of Mo-O bonds, but a correct direct
quantitative analysis is impossible. That is why we used an
analysis of autocorrelation function (AAF). Salje et al. [31]
proposed an autocorrelation function Corr(a,w') as a way
of parametrizing effective line widths in IR spectra in order
to examine trends in similar samples. The AAF method was
later adapted for examining Raman spectra by Pankrushina
et al. [32]. Corr(a,w") can be calculated using Equation 1:

Corr(a, ") = f a(w + oNa(w)dw, (1)

where a(w) is the primary spectrum and a(w + w') is a rep-
lica of the spectrum shifted by w'.

Salje et al. [31] calculated the Acorr parameter as fol-
lows: the background was subtracted from the a(w) initial
spectrum, the Corr(a,w') was calculated and normalised,
and then the Corr(a,w") peak apex is approximated by the
Gaussian function. The Acorr parameter is determined by
extrapolating the o function to the Aw' = 0 point using sec-
ond-order polynomials. In this work a modified Gaussian
function [32] was used. Thus, Acorr is an approximation of
the o parameter of the Gaussian function, which is calcu-
lated from the Corr(a,w') peak apex and is proportional to
the full widths at half maximum (FWHM) of the autocorre-
lation function. At the same time, Acorr is the average esti-
mate of the FWHM of the peaks in the spectrum. In the pre-
sent work Acorr was calculated over three frequency ranges
(50-250 cm™, 250-600 cm™ and 600-1000 cm™, covering

ARTICLE

the lattice modes, va + v4 and vi1 + v3 + vy, respectively). For
all wavenumber ranges, Acorr (i.e., FWHM values) in-
creases. This indicates a systematic distortion of MoO,4 pol-
yhedra. However, in the case of Sri-3xBi®xMoO4 it in-
creases up to x = 0.15, and above x = 0.15 Acorr either de-
creases or changes little. It means that ordering in A-sublat-
tice results the reduction of the distortion of MoO,4 polyhedra.
For Sri-sxLaxx®xMoO4 Acorr also increases but in general the
values of Acorr is smaller. It indicates that 6s? pair of bismuth
is a strong factor of the distortion of molybdenum-oxygen sub-
lattice.

Typical optical diffuse scattering spectra and Tauc plots
are shown in Figure 6. The scattering in the range of ~500-
1100 nm is close to 100%. The spectrum for SrMoO,4 con-
tains a broad band in the range of 200-300 nm, which cor-
responds to electronic transitions within the molybdate tet-
rahedra [33]. In the substituted samples, this band slightly
shifts to a higher wavelength (Figure 6). In general, the
spectra are similar to those of (Ca/Sr):-3xBix®@«Mo00O, [18].
Band gap (Eg) calculations were performed using the Ku-
blenka-Munk theory and the Tauc relation [24]. The value
of Eg can be obtained by interpolating the linear part of the
Tauc plots.

Band gap with
x-value (Table 1) for both Bi3* and La3* doping. The conduc-
tion band (CB) in SrMoO, is formed by Mo 4d states with
some mixing of the O 2p states [26, 27], and the Mo 4d
states in CB are split by the tetrahedral crystal field into

values decreased increasing

two groups of states, as in other scheelite compounds [26,
27, 341
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Figure 4 Examples of fitting by Gauss functions are shown for the selected Raman spectra for Sr,_;,La,®Mo00O,.

50f9

DOI: 10.15826/chimtech.2023.10.4.11


https://doi.org/10.15826/chimtech.2023.10.4.11
https://doi.org/10.15826/chimtech.2023.10.4.11

Chimica Techno Acta 2023, vol. 10(4), No. 202310411

ARTICLE
60 -
B Me=La g @
® 504 ® Me=Bi o "
®
o 40
o ° = on
$30
< »
. | 20 1 ° =
1 o
101 o u
| ]

600 1000Cm

@
e
40 o
. ¢ 30-
0 I :
[ m °
101 ® m _I "
. 10
B 50-250 em’!

0.00 005 0 10 0. 15 020
x in Sry_ 3 Me, ® MoO,

250-600cm”

0.00 0.05 0.10 0.15 0.20°
x in Sr, ; Me, @ MoO,

0.00 0.05 0.10 0.15 0.20
x 1n Sr, 3 Me, ® MoO,
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In the case of doping with Me3*, the splitting of the CB
is expected to be absent because of the distortion of the
MoO, polyhedra. It can also lead to a slight decrease of Eg
like in the case of doping by lanthanum (Table 1). In the
case of bismuth, the energy gap decreases substantially,
probably because of the additional Bi 6p states in the elec-
tronic spectra [35]. Such a band gap decrease is favourable
for the use of Bi-doped molybdates as yellow pigments or
as photocatalysts.

The conductivity of (Ca/Sr)i-3xLazx®@xMoO,
Sri-3xBi2x®xM00O4 was studied by a.c. impedance spectros-
copy in the temperature ranges of 400-900 °C and 400-
700 °C, respectively. SrMoO, is known to be an ionic con-
ductor with toz- close to 1 [36]. The impedance spectra
were similar for all compositions over the measurement
range, showing semicircles with a zero high frequency in-

and

tercept on the real axis (Figure 7). The equivalent circuit
consists of a parallel combination of a resistor (R) and a
capacitor (C), as in the previous work devoted to the mo-
lybdates of calcium and strontium [36]. The capacitance
value (C) was found to be ~10™" F, corresponding to the
total impedance of the electrolyte [37]. Separation of the
total resistance into bulk and grain boundary components
was not possible.

Arrhenius plots of the total conductivity and compositional
variation of conductivity at 873 K for the Sri-3xBi.x®xMo0, se-
ries are presented in Figure 8. The Arrhenius plots are gen-
erally linear, with a slight deviation from the linearity
caused by kinetic restraints at low temperatures. The con-
ductivity of SrMoOy, is in good agreement with the previous
studies [36]. All Sri-3xBix®xMo00O, compositions show in-
creased conductivity in comparison to SrMoO,.

The activation energy changes insignificantly (from ~1.2 to
~1.1eV for Cai-3xLa«Mo0Oy,, ~0.8 to 0.85eV for
Cai-3xBixM00,4 and from ~ 1.30 to 1.41 for Sri-3xL.a2xM0Qy,), in-
dicating that the conduction mechanism in doped molybdates
in general is similar to that in the parent compounds [16].

from
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Table 1 Compositional variation of optical band gap (E; direct) in
the A,_;Me,,®,M00O,, A= Ca/Sr, Me = Bi/La [17, 18].

x 0.05 0.75 0.10 0.125 0.15 0.175 0.2

A = Sr,
Me = Bi;
Eg eV

3.68 3.61 3.5 3.48 3.44 3.40 3.33

A =Ca,
Me = La;
Eg, eV

3.90 3.87 3.84 380 3.75 - -

A = Sr,
Me = La;
Eg, eV

4.17 4.11 4.08 3.96 3.89 - -

However, there can be a change in the transference
number, with a greater electronic contribution to conduc-
tivity. Ionic transport in scheelite-type compounds assumes
the presence of irregular interstitial oxygen positions, alt-
hough these have not been identified using diffraction
methods [12]. Therefore, conductivity can be induced by in-
creasing the number of such positions due to the distortion
of MoO4 polyhedra. On the other hand, in scheelite-type
compounds additional n-type transfer can be realised [38].
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Figure 8 Arrhenius plots of total conductivity for (Ca/Sr),-;La,®MoO, and Sr,_3Bi,,®M00O, complex oxides.

In the case of Sri-3xBi=x®xMo00O, the n-type electronic con-
tribution can be caused by the presence of low concentra-
tions of reduced molybdenum species at the grain surfaces,
namely Mo4* and Mo5* ions. The maximum values of total
conductivity 948 K were 1.75-1075
2.82:1075 S-cm™ for the x = 0.200 and x = 0.225 composi-
tions, respectively, which is less than the conductivity of
Bi2Mo030:2 under the same conditions [39]. In contrast to
Sri-3xBi2x®@xMo00,4 compositions (Ca/Sr)i-3xLax®@xMo00,4 show
the general decrease of conductivity (Figure 8). Probably,
this decrease in conductivity is due to either the smaller

at S-cm™ and

distortion of molybdenum-oxygen polyhedra, which causes
the decrease of oxygen ion mobility, or the lower concen-
trations of reduced molybdenum species at the grain sur-
faces of (Ca/Sr)i-3xLazx®@xMoO4 compared with
Sr1-3xBi2x®@xM00,4. The maximum values of the total conduc-
tivity at 948 K among (Ca/Sr)i-3xLax®@xMoO,
4.34-1077S-cm™and 2.25-107% S-cm™ for the doped calcium mo-
lybdate and strontium molybdate, respectively.

as

were

4. Limitations

In this work, the synthesis is highly sensitive to the purity
of molybdenum oxide, the insufficient purity of which leads
to the formation of non-single-phase samples. Lanthanum
oxide should be weighed immediately after annealing at a
temperature of at least 1000 °C because lanthanum oxide
strongly absorbs H-0 and COx.

Bismuth oxide can evaporate during synthesis, which
leads to a change in the chemical composition. The chemical
composition of compounds can be confirmed by dissolving
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samples and analyzing them using AES; however, this data
were not included in this work. In this study, we were not
able to determine the exact oxidation state of molybdenum,
so it was taken as Mo*®, since Mo*5 is often present in a low
concentration on the surface of bismuth molybdates. The
maximum frequency measured with the Elins Z-3000 im-
pedancemeter is 1000 kHz. Approximation of spectra by
AAF using the Gaussian-Lorentzian model significantly
slows down the calculation; therefore, we used the Gauss-
ian model. The diffuse scattering spectra of these complex
oxides are very sensitive to sample preparation, e.g. textur-
ing or a small amount of sample leads to large noises.

5. Conclusions

Thus, in the present work, the synthesis of (Ca/Sr)MoO,
doped by La and Bi (what are ions with a close radii) was
carried out. A comparative study of their structure and
properties was conducted. The results of the investigation
of the structure and properties of (Ca/Sr)i-3xLax®xMoO,
and Sri-3xBi.x®@xMoO, are consistent with those of the pre-
vious studies [11, 16-18]. Bi3*and La3*ions possess similar
ionic radii; however, the 6s? isolated electron pair of bis-
muth was shown to be a significant factor in the regulation
of structure and properties. A cation vacancy solid solution
is formed in the system Sri-3xLa:x®xMoO,4 over the composi-
tional range 0.0 < x < 0.15. Phases of (Ca/Sr):-3xLaxx®xMoO4
and Sri;-3xBi>x®@xMo00Q, in the range 0.025 < x < 0.15 show a
tetragonal scheelite structure, isostructural with SrMoO,,
while in the range 0.15 < x < 0.225 a tetragonal superstruc-
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ture is seen for the phases of Sri-3xBi-x®xM00y. Strong dis-
tortion of the MoO, polyhedra in (Ca/Sr):-3xLax®xMo0O4 and
Sri-3xBi>x®@«Mo00O,4 was seen in the crystal structure and re-
flected in the Raman spectra. Using AAF, we demonstrated
quantitatively that the isolated electron pair of bismuth
plays a key role in the distortion of the Mo-O sublattice. It
means that the AAF of the Raman spectra of series of com-
plex oxides can also be used to predict their conductive
properties. The Acorr parameter confirmed the x = 0.15
composition to be a “critical” point for Sri-3xBizx®xMo0Oy. It
strong change in the
0.15< x < 0.225 compositions caused by bismuth ordering

indicates a structure of
and less distorted MoO4 polyhedra. The Acorr parameter
also showed smaller distortion in the case of doping with
lanthanum, indicating the significant effect of 6s? isolated
electron pair of bismuth. As a result, the conductivity in-
creases with increasing Bi content and decreases with La
content. Thus, AAF was shown to be an effective tool to find
“critical” points among series of solid solutions.

The decrease of calculated energy gap with increasing
x-value is observed both in (Ca/Sr)i-3xLax®xMoQO, and
Sri1-3xBi=x®@xMo00O, systems. In the case of bismuth, the en-
ergy gap decreases substantially, probably, because of ad-
ditional the Bi 6p states in electronic spectra. Such a band
gap decrease is favorable for using of Bi-doped molybdates
as yellow pigments or as photocatalysts. Conductivity in-
creases with increasing x-value in the Sri-3xBix®@xMo0QO4 sys-
tem and decreases in the case of (Ca/Sr)i-3xLax®xM00O, sys-
tem, also indicating the effect of 6s? isolated electron pair
of bismuth. A maximum value of 2.82:107> S.cm™ was
achieved at 948 K for the x = 0.255 composition. The max-
of the total conductivity among all
(Ca/Sr)1-3xLax®xMo00O, at 948 K were 4.34-1077 S.:cm™ and
2.25-10°% S-cm™ for the doped calcium molybdate and stron-
tium molybdate, respectively.
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