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Chromium-substituted bismuth pyrostannates with a pyrochlore structure were synthesized by the solid-phase reac-
tion method. The X-ray structural analysis performed at room temperature showed that the samples Biy(Sn;Cry),0;,
x =0, 0.05, 0.1 are single-phase and belong to the Pc monoclinic structure. Polymorphic transformations of the synthe-
sized samples were studied by Raman and IR spectroscopy. IR spectra were obtained at the temperature range
110-525 K and frequencies 350-1100 c¢m™'. Raman spectra were measured at room temperature at frequencies
of 100-3000 cm™. Heterovalent substitution of Sn*" for Cr’" modifies the spectra of pure Bi>Sn>O,. The crystal struc-
ture of BiSn;0; consists of two oxygen sublattices: SnOg and Bi,O'. Chromium ions substituted tin ions in the SnOg
oxygen octahedra, distorting the local structure in the vicinity of bismuth ions. Phonon modes are softening in the vicin-
ity of phase transitions. A shift of the phase boundaries of polymorphic transitions is observed for Bi(Sn;Cr.),0;,
x =0.05, 0.1. The frequencies of stretching vibration modes were determined from IR and Raman spectra. The substitu-
tion of chromium for tin ions resulted in the appearance of two new modes at frequencies of 581 and 822 cm™ in the
Raman spectra. The absence of an inversion center in the crystal structure of Biy(Sn;..Cry),0; is confirmed by Raman
spectroscopy. IR spectra of chromium-substituted samples consist of complex lines, which decompose into 2 and 3 Lor-
entzian lines. The softening and broadening of optical absorption modes are associated with the electronic contribution.
Impurity states of electrons form polarons.

Keywords: bismuth pyrostannate, crystal structure, phase transitions, IR spectroscopy, Raman spectroscopy, X-ray
structural analysis.
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Memodom meepdohaznoll peakyuu CUHMEIUPOBAHBL XPOMIAMEWEHHbIE NUPOCMAHHAMbL GUCMYMA CO CIPYKMYPOU
nupoxiopa. Penmeenocmpykmypuwitli ananus, 6blNOIHEHHbII NPU KOMHAMHOU meMnepamype, HOKA3al, 4mo 00pasyvl
Biy(Sn;..Cry),0; x = 0; 0,05, 0,1 oonogpasznvie u npunaonesxcum k Monokaiunnou cmpykmype Pc. Honumopgduvie npe-
6pauenusi CUHMe3UPOBaAHHbIX 00pazyos uszyyaiucy memooamu Paman u UK cnexmpockonuu. UK-cnekmpol nonyuenvi
6 memnepamypnom ouanasone 110-525 K, unmepsane wacmom 350—1100 cy™'. Cnexmpor Pamanosckozo paccesmus
USMEPATUCH NPU KOMHAmMHOL memnepamype na yacmomax 100-3000 ey’ Temeposanenmuoe samewenue Sn** na Cr**
sudousmensiem cnekmpwl yucmoeo BiSny0; Kpucmannuueckas cmpykmypa BiSny,O; cocmoum u3z 08yx KUCIOPOOHBIX
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noopeutemox: SnOg u Bi)O'. Honwl xpoma 3amewyarom uousl 0108a 8 KUCI0POOHbIX okmasopax SnQg, uckaxicas 10Kaib-
HYIO CIMPYKMYpPY 8 OKpeCmMHOCMU UOHO8 sucmyma. BOauzu ¢hazoevix nepexodoe npoucxooum cmsaedeHue (POoHOHHbIX
Mmo0. [na Biy(Sn;Cry),0; 0,05, 0,1 nabrrwooaemca cmeweHue azosvix epanuy noaumop@Huix nepexodos. Uz UK
u Paman cnekmpog onpedenenvi yacmomul MOO 8ALeHMHbIX KoaeOanui. B Pamano8ckux cnekmpax sameujenue uoHos
01060 XPOMOM NPUGENO K NOAGIEHUIO 08YX HOBbIX M0O Ha uacmomax 581 u 822 cv™'. Omcymemesue yenmpa uneepcuu
8 kpucmannudeckou cmpykmype Biy(Sn;.Cry),0; noomeepocoaemca Paman cnexkmpockonueil. UK cnexmpbi xpomsa-
MEWEHHbIX 00pa3y08 COCMOSM U3 CNIONCHBIX JUHUL, Komopbsle paziazaiomcsi Ha 2 u 3 aunuu Jlopenyosoil ghopmoi.
Cmsizuenue u yuupenue cneKmpos no2ioujeHust Ces13bl8Aemcst ¢ J1eKmMpPOHHbIM 6KIA00M. TIpumectvle cocmosnus dex-

MPOHOE 00pa3yIom NOAAPOHYL.

Kniouegvie cnoea: nupocmannam eucmyma, Kpucmaniiudeckas cmpykmypa, ¢azosvie nepexoovt, UK cnexmpocko-
nus, Paman cnexmpockonus, penmeeHoCmpyKmypHbitl AHATU3.

Introduction. Bismuth pyrostannate Bi,Sn,O; be-
longs to the pyrochlore family, which is interesting for its
physical properties. These compounds exhibit well-known
structural phase transitions of the displacement type in
oxygen-octahedral structures, which are usually accom-
panied by sharp changes in dielectric, mechanical, optical,
and other properties.

Three structural modifications were found in poly-
morphic Bi,Sn,0;. Above 900 K, the compound has a
cubic structure with small displacements of Bi** ions from
the ideal pyrochlore structure and belongs to the y-phase.
In the temperature range 390-900 K, the B-phase with an
orthorhombic structure is realized. At room temperature,
Bi,Sn,07 is in a noncentrosymmetric monoclinic structure
(o-phase) with space group Plc/ [1]. Recently, a low-
temperature transition at 7= 140 K from the monoclinic struc-
ture to the lower triclinic system has been discovered [2].

In most cases, the crystal structure of bismuth pyro-
stannate is cubic with a lattice constant of about 1.0 nm
and eight formula units per unit cell. The large A-ion is
located in 16d-positions and is eight-fold coordinated by
oxygen ions, while the smaller B-ion is located in the oc-
tahedral environment of oxygen (16c-positions) and has
sixfold coordination. The pyrochloric structure A,B,0¢0'
is consists of two sublattices: B,Og and A,O'. The B,O¢
sublattice is formed of BOg — octahedra connected by an
oxygen B — O — B bridge at an angle of 135° into zigzag
chains, all B — O bonds are equivalent. The A cation
forms the A,O' sublattice from the A — O' chains. Cations
A and B in the structure of pyrochlores form a sublattice
of tetrahedra connected by corners.

The structure of Bi,Sn,0; is well described by two in-
terpenetrating oxide sublattices. The Sn,Og sublattice
consists of SnOg octahedra connected by vertices to form
hexagonal rings. In the Bi,O' sublattice, the Bi*" cation
is tetrahedrally coordinated by O’ anions with linear
O'-Bi—0O’ bonds.

It was found that the transitions to the a- and B-phases
occur with the rotation of Bi,O' tetrahedra, which displace
Bi ions to the top of the SnO4 oxygen octahedron of the o-
phase and the edge in the B-phase [3]. Bismuth ions in
their electronic structure have a lone pair of 6s* electrons.
These electrons cause mobility of Bi*" and O” in Bi,O’,
which leads to distortion of the ideal structure of pyro-
chlore. Correlated displacements of Bi** can lead to phase
transitions into complex ordered structures, which in turn
lead to changes in macroscopic properties.
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In the region of structural phase transitions, anoma-
lies on the curves of temperature dependences of dielec-
tric and electrical properties of Bi,Sn,O; are observed
[1; 4].

Bismuth pyrostannate is a dielectric. Substitution of
tin ions by 3-d elements in Bi,Sn,O; causes distortion of
the crystal structure and a shift in phase transitions. For
example, heterovalent substitution of Bi*" and Sn*" ions in
Bi,Sn,0; leads to a change in the temperature of the o—f
transition [5-7].

In the region of the a—p structural phase transition,
the compound Biy(Sn;Cry),07, x = 0.1 completely
changes the conductivity type from hopping (Mott con-
ductivity) to the Poole-Frenkel tunnel emission type. The
conductivity of Biy(Sn;,Cry),07, x = 0.15 at the a—f
transition is mixed, some of the domains of the compound
carry out charge transfer according to the Mott conductiv-
ity type, and the other according to the Poole-Frenkel
type. The ratio between these phases is approximately
50 x 50 [5; 8].

An electronic transition with a change in the conduc-
tivity type from the hopping to the tunnel emission Poole-
Frenkel type at the a—f structural transition is observed
at isovalent substitution of Biy(SngoMny 1),0-.

Substitution of manganese for tin ions changed the
type of thermal effects during structural phase transitions
from exothermic to endothermic [7]. Anomalies of the
dielectric constant are observed in the region of the a—f
transition. For example, the real part of the dielectric con-
stant Re(e) Biy(SngoMng),0; has an inflection point at
418 K and a sharp rise above 700 K, the imaginary part
Im(e) exhibits a maximum at 7= 425 K and an increase
that begins from 7'~ 700 K [7].

Anomalies of the dielectric constant in the temperature
range of phase transitions are also observed in chromium-
substituted pyrostannates. In the Biy(Sn;Cry),07 system,
a broad maximum in Re(¢) and Im(g) at about 420 K is
observed with their further increase near the f—vy transi-
tion [9].

The structural o—f transition is accompanied
by anomalies in the temperature behavior of the magnetic
susceptibility. In the compound Biy(SngosMnygs),07
[10] antiferromagnetic  exchange prevails, and
in Biy(Sn;Cry),0; ferromagnetic exchange dominates
[5; 11-12].

The absence of an inversion center in bismuth pyro-
stannate is a prerequisite for the existence of ferroelectric
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order at low temperatures. Theoretical calculations carried
out from first principles confirm this assumption. In
Biy(Sny gFey,),0; magnetoelectric interaction up to 300 K
was found [13-14]. An external electric field leads to
deformation of the crystal lattice and to the formation of
electric polarization.

The magnetic field-induced electric polarization is an
even function of the magnetic field, with the exception of
the 140-160 K structural phase transition region, where
the linear magnetoelectric effect predominates. The mag-
netic field-induced electrical polarization decreases with
heating. The structural phase a— transition and the tran-
sition from a noncentrosymmetric to a centrosymmetric
structure are accompanied by maxima in the temperature
dependence of the dielectric constant and thermoelectric
power.

Cationic doping changes the structure of pyrochlore
and the basic physical properties of the compounds, since
the structural and physical properties are correlated with
each other. This group of compounds can be potentially in
demand as materials for electrochemical devices, elec-
tronic devices of a new generation due to the relatively
low synthesis temperatures of doped bismuth pyrostan-
nates and a significant increase in their thermal stability.
The possibility of distributing atoms of doping elements
over two equivalent crystallographic positions increases
the variability of the properties of compounds, due to the
different nature of the doping element, affects the defective-
ness of the cationic and anionic sublattices, and the transport
properties of ions (in particular, mobile oxygen O').

At polymorphic transitions in a wide temperature
range, the electric polarization can be controlled by the
magnetic field. Multiferroics, which include substituted
bismuth pyrostannates, are widely used in electronics and
telecommunication technologies. They can be used as
polarizers in a wide frequency range from 10'°-10'° Hz,
for magnetic memory devices and spin electronics, in
magnetic random access memory, which combines the
speed of semiconductor electronics and non-volatility.
Multiferroics serve as the basis for the creation of ME
elements of spintronics, in microwave devices as valves,
modulators.

Based on the information presented, the purpose of
this work is to study the effect of replacing Sn*" ions with
Cr’* ions on the structural properties by X-ray diffraction
analysis and IR, Raman spectrometry.

Experimental results and discussion. Synthesis and
X-ray structural analysis. The study of the structural
properties by X-ray diffraction analysis, Raman and IR
spectroscopy was carried out on polycrystalline samples.
Compounds of complex oxide Biy(Sn;Cry),07, x = 0;
0,05, and 0.1 were obtained by solid state reaction method
according to the following reaction:

2(1 — X)SIIOZ + XCI'203 + Bi203—>Bi2(Sn1,xCrx)2O7,X

A mixture of oxides SnO,, Cr,0; and Bi,O; in a
stoichiometric ratio was ground for a long time in an
agate mortar, pressed into tablets, placed in an oven and
kept at a temperature from 973 to 1223 K, the holding
time varied from 8 to 24 hours [11; 12].
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X-ray structural analysis was performed on the syn-
thesized samples. X-ray powder diffraction patterns of
Bi,(Sn; Cry),074, x = 0; 0.05, 0.1 were carried out at
room temperature on a Bruker D§ ADVANCE diffracto-
meter using a VANTEC linear detector and Cu-Ka radia-
tion. During the experiment, different sizes of the primary
beam slits were used: 0.6 mm in the range of angles
20 = 5-70° and 2 mm in the range of 70—120°. The scan-
ning step is 0.016° and remained constant in all areas,
the exposure time at each step is 1.5 and 1 s for the ranges
5-70° and 70-120°, respectively. The standard deviations
of the intensities of all points of the X-ray diffraction pat-
tern were calculated, and then the intensities and standard
deviations of all points of the high-angle part were multi-
plied by a normalizing factor of 0.45. All peaks corre-
sponded to the monoclinic cell of the Pc a-phase
Bi,Sn,07 [15]. The crystal structure contains 32 Bi*" ions,
32 Sn*' ions, and 112 O ions in the independent part of
the cell (fig. 1). All Bi’" ions are coordinated by 8 O*
jons and form distorted cubes, while Sn*" ions are coordi-
nated by 6 O* ions and form octahedra, which are con-
nected by vertices.

The coordinates of all 176 atoms were fixed, since the
number of coordinates alone, 528, is comparable to the
number of observed reflections. Nevertheless, even the
fixed coordinates of the atoms made it possible to cor-
rectly describe all the present reflections, and the refine-
ment yielded low uncertainty factors (tab. 1, fig. 2, a).

A linear decrease of the unit cell volume with an
increase in the concentration of the substitution ion
(fig. 2, b) confirms the single-phase nature of the
Biy(Sn;Cry),0; compositions, since the ionic radius
IR (Cr’*, CN=6) = 0.615 A is less than the radius of the
IR ion (Sn*', CN=6) = 0.69 A [16]. Cr’" ions preferably
occupy octahedral positions.

IR spectroscopy. Studies of Biy(Sn;Cry),0; by IR
spectroscopy were performed on a Fourier transform
spectrometer Vertex 80 v with a spectral resolution
of 1 cm' in the temperature range 110525 K, the fre-
quency range 350-1100 cm'. The studies were carried
out on a sample in the form of a tablet with a diameter of
13 mm in a KBr matrix.

The absorption bands of the IR spectra of Bi,Sn,O;
in the frequency range of 100-1000 cm ™' are usually at-
tributed to the stretching vibrations of the crystal lattice
ions. These compounds have seven active IR modes,
stretching and bending [17] and concern only vibrations
of oxygen atoms occupying two crystallographic positions
in the crystal structure of A;B,040".

IR absorption spectra at room temperature in the fre-
quency range 350-1200 cm!  for Bi,(Sn;_Cry),07,
x =0; 0.05 are shown in fig. 3.

The IR spectrum of Bi2Sn,O; contains 4 main vibra-
tion modes: 521, 615, 726 and a broad complex mode in
the region at 800 cm ™' (tab. 2). The stretching vibration
mode w = 521 is attributed to stretching vibrations of
oxygen in the SnOg octahedron and splits into two lines at
518 and 525 cm'. The IR spectra of pyrochlore com-
pounds have very weak absorption bands in the frequency
range 800-1100 cm ', which were identified as an addi-
tional complex structural mode of the A—O' long bond
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in the A,O' sublattice. The difference in bond lengths
is 20 % between 2.351 A and 1.961 A, and the displace-
ment of the O' anion and the A cation within the domain
leads to the shortening of one A — O' bond and lengthen-
ing of the other [18]. According to this model, the vibra-
tions of the short A — O' bond correspond to phonon
modes at about 850 cm ' and vibrations of the long bond
at 483 cm .

The substitution of tin by chromium ions led to a
modification of the IR spectrum, which also contains four
distinct groups of lines in the frequency ranges 370-440,
480560, 580—680, 820-920 cm .

All lines of this spectrum are complex and consist of
several lines: the frequency range 370-440, 480-560,
580-680 cm™' contains 2 lines, and 820-940 cm™' —
3 lines.

Fig. 1. Biy(Sn;4Cry),07., x = 0; 0.05, 0.1 crystal structure. The BiOg
fragment is shown separately. There are Sn ions in the center
of octahedra. Color code: O atoms are at the vertices of the blue
octahedra, O’ atoms are dark blue

Puc. 1. Kpucrammnueckas ctpykrypa Biy(Sny_Cry),07, x = 0; 0.05, 0.1.
IMonpemerka BiOg BbIgeneHa oTaenpHO. B eHTpe 0KTa’[poB HaXxoIsITCs
noHbI Sn. AToMbl O HaXOJSATCSI B BEPILIMHAX T'OJIyOBIX OKTadpOB.
Atombr O'— TeMHO roy0bIe
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Fig. 2. Difference XRD pattern of Bi,(Sn;Cry),05 (@). Cell parameters of Bi,(Sn,_,Cr,),0; (b)

Puc. 2. Pasnocrnas perrrenorpamma Biy(Sn; Cry),07 (a). [lapametps! saeiixu Biy(Sn; Cry),07(6)
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Table 1
The main parameters experiments and refinement results of Bi,(Sn;_,Cr,),0,
X 0.05 0.1
Space group Pc Pc
a, A 15.0634 (13) 15.075 (1)
b, A 15.1055 (12) 15.0823 (1)
c,A 21.381 (2) 21.3589 (13)
B,° 89.924 (7) 89.905 (4)
Vv, A3 4865.0 (7) 4856.6 (5)
20 interval, © 5-90 5-90
Ryp, % 13.93 13.62
R,, % 10.21 10.06
Rg, % 5.08 5.56
r 1.75 1.70

This is agree with the X-ray structural data for
Biy(Sng95Cr05),07. The vibration frequency of ions is
determined by the symmetry of the crystal lattice.

The frequency range 370440 cm ' of the IR spectrum
of Biy(Sng ¢5Crg05),07 (fig. 3) contains a set of lines with
frequencies of 378, 416 cm'. The mode at a frequency
of 382 cm ! is a stretching Bi — O mode of the ideal pyro-
chlore structure [12]. The 416 cm ' line corresponds to
oxygen vibrations in the SnOg octahedron.

The next frequency range 490—540 cm ' at room tem-
perature contains two broadened lines with frequencies of
506, 526 cm' (fig. 3), corresponding to stretching vibra-
tions of the Bi — O' bond in Bi,Sn,05.

In the frequency range 610—640 cm™', the IR spectrum
of Bi,y(Sng¢sCrg0s5),07 at room temperature has a broad-
ened line, which consists of two lines (fig. 3) with fre-
quencies of 618 and 632 cm . IR absorption in this fre-
quency range is attributed to stretching vibrations of the
Sn — O bond of the oxygen octahedron SnOg in the pyro-
chlore structure [12].

Low-intensity absorption is observed in the high-
frequency range 850-920 cm . The absorption spectrum
has a shoulder at 863 cm ' and a broadened line consist-
ing of 2 lines with frequencies of 878 and 894 cm ™. In the
Bi,(Sng95Crg05),07 solid solution, the substitution of tin
by chromium distorts the local structure in the vicinity of
bismuth ions, and the vibrations of the Bi — O' — Cr bonds
correspond to these frequencies. In Bi,Sn,O;, the lone
electron pairs of Bi’" are shortened due to the overlap of
Bi 6s electron pairs and d-orbitals of Sn**. The ionic radii
of Sn*, Cr’" and Bi*" are 0.067, 0.064, 0.120 nm respec-
tively. Chromium ions predominantly occupy octahedral
positions; therefore, it can be assumed that chromium
replaces tin ions in SnQOy, distorting the nearest environ-
ment.

Almost all vibration frequencies decrease monotoni-
cally with increasing temperature, except for the vibration
frequency of the Sn-O bond at 630 cm ™. A slight soften-
ing of the frequencies at 878 and 894 cm ' upon heating
and a decrease in their intensity is observed at a tempera-
ture of 330 K. This is possibly due to the electronic con-
tribution to the absorption spectrum. Impurity states of

electrons (holes) form a bound state with phonons — a
polaron. At a certain value of the parameter of the
electron-phonon interaction, a quasigap is formed in im-
purity polaron states. With increasing temperature,
the chemical potential falls into the forbidden polaron
subband and the intensity of thermal transitions decreases
at T=330K.

In the vicinity of a temperature of 260 K, another tran-
sition in the absorption intensity was found. IR absorption
reaches a maximum at a frequency of 508 cm™, corre-
sponding to the vibration of a single Bi-O' bond. It is possi-
ble that a center of symmetry appears in one of the phases,
i.e. a centrosymmetric — noncentrosymmetric phase transi-
tion is realized. This assumption is supported by the pres-
ence of a maximum dielectric constant at 260 K 11].

Raman spectroscopy. Micro-Raman scattering spectra
were measured in backscatter geometry at room tempera-
ture through a 50x microscope objective using a Ren-
ishawin Via micro-Raman spectrometer equipped with an
argon laser (514.5 nm, maximum power 10 MW). The
spectral signal was scattered by a 2400 groove/mm dif-
fraction grating on a Peltier-cooled CCD detector with a
resolution of 1 cm™.

The absence of a center of symmetry in the a-phase is
also confirmed by Raman scattering spectra. Experimen-
tal data of Raman spectroscopy Biy(Sn;,Cry),07,
x =0, 0.1 are shown in fig. 4 in the frequency range
100-1000 cm ' at room temperature. The spectrum of
Bi,Sn,0; consists of a number of broad bands and is con-
sistent with the spectrum data [19]. The ideal pyrochlore
structure A,B,0(1)sO(2) with a space group Fd3m has
several types of vibrations I'r = Ay + E, + 4F,,. In this
view, the six main Raman modes are active. The spectra
shown in fig. 4 have a number of spectral lines that differ
from the ideal pyrochlore structure, as a result of a de-
crease in symmetry (tab. 2).

Bismuth pyrostannate with symmetry Pc(Cf) has a
larger number of active modes ['g = 526A' + 527A". In the
frequency range 100-200 cm ! for Bi,(Sn;Cry),07, x =0,
bending (F,,) O-Bi-O, 148 cm ! and stretching (Fy,) Bi-
SnO, 188 cm ' vibrations are active [6].
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In the intermediate region of the spectrum of
Bi,Sn,0-, 200-400 cm ' some modes correspond to ac-
tive vibrations of IR spectroscopy for pyrochlores with
low symmetry. The spectral line at 211 cm ™' is predomi-
nantly described by stretching vibrations (Fy,) along the
Bi-SnO¢ bond. Vibrations with frequencies of 274,
382 cm' are defined as stretching (Fj,) O-Sn-O and

stretching (F;,) Bi-O. Within this range, there are two
modes that correspond to the ideal pyrochlore structure,
225 (Fy,) and 248 cm (E,). The mode (F»,) is associated
with the shift of oxygen O1 in the SnOg4 polyhedron. Four
groups of vibrations are observed in the Raman spectrum of
Bi,Sn,0; above 400 cm . Vibrations of 535 and 400 cm
are classified as stretching O-Sn-O (A,) and Sn-O (F).

absorbance (a.u)

T T
400 600

wavenumber, cm”

T
1000
1

T
800 1200

Fig. 3. IR spectra of Biy(Sn;_,Cr,),0;. Curve 1 corresponds to x =0,
curve 2 corresponds to x = 0.05

Puc. 3. UK cnextpsl Biy(Sny_,Cry),0;. Kpusas 1 otHOCcuTCs k x = 0,
kpuBas 2 otHocutes K x = 0,05

Raman Intensity

¥ T T
0 200 400

Wavenumber, cm”

T T
600 800 1000

1

Fig. 4. Raman scattering spectrum of Biy(Sn;_(Cr,),0. Curve 1 corresponds
to x =0, curve 2 corresponds to x = 0.05

Puc. 4. Cnexrpsl PamanoBckoro paccesaus Bix(Sn;Cry),05.
Kpusas 1 otHocuTes k x = 0, kpuBas 2 otHocutres K x = 0,05
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Table 2
Vibration modes of Raman and IR spectroscopy of Bi,(Sn;_,Cr,),0,
Raman modes (cm™") IR modes (cm ™) correspondence
X=0 X=0.1 X=0 X=0.05
108 108 Ay
148 144 broad Flexural O-Bi-O (Fy,)
181 Bi-SnOg (F1y)
208
215 Fi,
225 Fa,
248 251 E,
274 Flexural O-Sn-O (Fy,)
332 353 Fi,
382 Stretching Bi — O’
400 416 broad Flexural O B SnO'(F,)
507 Bi-O'
512 518 Stretching SnOg octahedron (A,)
534 523 525 526 Flexural O' (A,,)
581 Stretching Bi-O(F5,)
608 (F2e)
615 619 Stretching Sn—O
632
726
801 Overtone or combination
822 820 863, 883
The substitution of tin ions by chromium led to a de- Acknowledgments. The reported study was

crease in the number and intensity of spectral lines of the
Raman spectrum, as well as to the appearance of two new
modes at frequencies of 581 and 822 cm'. The spectral
line 581 cm™' exists in the optical spectra of compounds
with an ideal pyrochlore structure and refers to stretching
vibrations of the Bi-O bond. The high-frequency spectral
line 822 cm ' does not have an unambiguous interpreta-
tion, and it is defined as an “overtone or combined” band
(combination band) or mode (F»,) [6].

Substitution of tin by Cr’* ions does not change the
space symmetry group and leads to the absence of some
spectral lines in the spectrum of Biy(Sn;4Cry),07, x = 0.1
in comparison with Bi,Sn,0;. Perhaps this is due to an
increase in the local symmetry of bismuth pyrostannate at
a disordered arrangement of Cr*" ions.

Conclusion. At room temperature, bismuth pyrostan-
nate Bi,(Sn;(Cry),07, x = 0; 0.05, 0.1 refers to the mono-
clinic structure of Pc. Chromium ions replace tin ions in
SnOg octahedra. In The IR absorption spectra four fre-
quency regions with two absorption lines in each region,
and three lines in the high-frequency region were re-
vealed. The softening of frequencies and the type of vi-
bration mode associated with the valence bonds of bis-
muth and tin at structural transitions have been estab-
lished. The absence of an inversion center in doped bis-
muth stannates is confirmed by Raman spectra. In chro-
mium-substituted pyrostannates, the phase boundaries of
the structural transitions inherent in Bi,Sn,O; are shifted.
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