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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 Bi2(Sn1-xCrx)2O7,  
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 cm–1. Raman spectra were measured at room temperature at frequencies  
of 100–3000 cm–1. Heterovalent substitution of Sn4+ for Cr3+ modifies the spectra of pure Bi2Sn2O7. The crystal struc-
ture of Bi2Sn2O7 consists of two oxygen sublattices: SnO6 and Bi2O'. Chromium ions substituted tin ions in the SnO6 
oxygen octahedra, distorting the local structure in the vicinity of bismuth ions. Phonon modes are softening in the vicin-
ity of phase transitions. А shift of the phase boundaries of polymorphic transitions is observed for Bi2(Sn1-хCrх)2O7,  
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–1 in the 
Raman spectra. The absence of an inversion center in the crystal structure of Bi2(Sn1-xCrx)2O7 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. 
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Методом твердофазной реакции синтезированы хромзамещенные пиростаннаты висмута со структурой 

пирохлора. Рентгеноструктурный анализ, выполненный при комнатной температуре, показал, что образцы 
Bi2(Sn1-хCrх)2O7, х = 0; 0,05, 0,1 однофазные и принадлежит к моноклинной структуре Pc. Полиморфные пре-
вращения синтезированных образцов изучались методами Раман и ИК спектроскопии. ИК-спектры получены  
в температурном диапазоне 110–525 К, интервале частот 350–1100 см–1. Спектры Рамановского рассеяния 
измерялись при комнатной температуре на частотах 100–3000 см–1. Гетеровалентное замещение Sn4+ на Cr3+ 
видоизменяет спектры чистого Bi2Sn2O7. Кристаллическая структура Bi2Sn2O7 состоит из двух кислородных 
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подрешеток: SnO6 и Bi2O′. Ионы хрома замещают ионы олова в кислородных октаэдрах SnO6, искажая локаль-
ную структуру в окрестности ионов висмута. Вблизи фазовых переходов происходит смягчение фононных 
мод. Для Bi2(Sn1-хCrх)2O7, 0,05, 0,1 наблюдается смещение фазовых границ полиморфных переходов. Из ИК  
и Раман спектров определены частоты мод валентных колебаний. В Рамановских спектрах замещение ионов 
олова хромом привело к появлению двух новых мод на частотах 581 и 822 см–1. Отсутствие центра инверсии  
в кристаллической структуре Bi2(Sn1-хCrх)2O7 подтверждается Раман спектроскопией. ИК спектры хромза-
мещенных образцов состоят из сложных линий, которые разлагаются на 2 и 3 линии Лоренцовой формы. 
Смягчение и уширение спектров поглощения связывается с электронным вкладом. Примесные состояния элек-
тронов образуют поляроны. 

 
Ключевые слова: пиростаннат висмута, кристаллическая структура, фазовые переходы, ИК спектроско-

пия, Раман спектроскопия, рентгеноструктурный анализ. 
 
Introduction. Bismuth pyrostannate Bi2Sn2O7 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 Bi2Sn2O7. Above 900 K, the compound has a 
cubic structure with small displacements of Bi3+ ions from 
the ideal pyrochlore structure and belongs to the γ-phase. 
In the temperature range 390–900 K, the β-phase with an 
orthorhombic structure is realized. At room temperature, 
Bi2Sn2O7 is in a noncentrosymmetric monoclinic structure 
(α-phase) with space group Р1с1 [1]. Recently, a low-
temperature transition at Т = 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 А2В2О6О' 
is consists of two sublattices: В2O6 and А2О'. The В2O6 
sublattice is formed of ВO6 – octahedra connected by an 
oxygen В – O – В bridge at an angle of 135° into zigzag 
chains, all В – O bonds are equivalent. The А cation 
forms the А2О' sublattice from the А – О' chains. Cations 
A and B in the structure of pyrochlores form a sublattice 
of tetrahedra connected by corners. 

The structure of Bi2Sn2O7 is well described by two in-
terpenetrating oxide sublattices. The Sn2O6 sublattice 
consists of SnO6 octahedra connected by vertices to form 
hexagonal rings. In the Bi2O′ sublattice, the Bi3+ cation  
is tetrahedrally coordinated by O′ anions with linear 
O′−Bi−O′ bonds. 

It was found that the transitions to the α- and β-phases 
occur with the rotation of Bi2O′ tetrahedra, which displace 
Bi ions to the top of the SnO6 oxygen octahedron of the α-
phase and the edge in the β-phase 3. Bismuth ions in 
their electronic structure have a lone pair of 6s2 electrons. 
These electrons cause mobility of Bi3+ and O2- in Bi4O, 
which leads to distortion of the ideal structure of pyro-
chlore. Correlated displacements of Bi3+ can lead to phase 
transitions into complex ordered structures, which in turn 
lead to changes in macroscopic properties. 

In the region of structural phase transitions, anoma-
lies on the curves of temperature dependences of dielec-
tric and electrical properties of Bi2Sn2O7 are observed  
1; 4. 

Bismuth pyrostannate is a dielectric. Substitution of 
tin ions by 3-d elements in Bi2Sn2O7 causes distortion of 
the crystal structure and a shift in phase transitions. For 
example, heterovalent substitution of Bi3+ and Sn4+ ions in 
Bi2Sn2O7 leads to a change in the temperature of the α→β 
transition [5–7]. 

In the region of the α→β structural phase transition, 
the compound Bi2(Sn1-xCrx)2O7, x = 0.1 completely 
changes the conductivity type from hopping (Mott con-
ductivity) to the Poole-Frenkel tunnel emission type. The 
conductivity of Bi2(Sn1-xCrx)2O7, x = 0.15 at the α→β 
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 × 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 →β structural transition is observed 
at isovalent substitution of Bi2(Sn0.9Mn0.1)2O7. 

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 →β 
transition. For example, the real part of the dielectric con-
stant Re(ε) Bi2(Sn0.9Mn0.1)2O7 has an inflection point at 
418 K and a sharp rise above 700 K, the imaginary part 
Im(ε) exhibits a maximum at T = 425 K and an increase 
that begins from T ~ 700 K 7. 

Anomalies of the dielectric constant in the temperature 
range of phase transitions are also observed in chromium-
substituted pyrostannates. In the Bi2(Sn1-хCrх)2O7 system, 
a broad maximum in Re(ε) and Im(ε) at about 420 K is 
observed with their further increase near the β→γ transi-
tion 9. 

The structural α→β transition is accompanied  
by anomalies in the temperature behavior of the magnetic 
susceptibility. In the compound Bi2(Sn0.95Mn0.05)2O7  

10 antiferromagnetic exchange prevails, and  
in Bi2(Sn1-хCrх)2O7 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 
Bi2(Sn0.8Fe0.2)2O7 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 α→β 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 1010–1015 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 Sn4+ ions with 
Cr3+ 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 Bi2(Sn1-хCrх)2O7, х = 0; 
0,05, and 0.1 were obtained by solid state reaction method 
according to the following reaction: 

 
 

2(1 – x)SnO2 + xCr2O3 + Bi2O3→Bi2(Sn1–xCrx)2O7–x 
 
 

A mixture of oxides SnO2, Cr2O3 and Bi2O3 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. 

X-ray structural analysis was performed on the syn-
thesized samples. X-ray powder diffraction patterns of 
Bi2(Sn1–xCrx)2O7-х, х = 0; 0.05, 0.1 were carried out at 
room temperature on a Bruker D8 ADVANCE diffracto-
meter using a VANTEC linear detector and Cu-Kα radia-
tion. During the experiment, different sizes of the primary 
beam slits were used: 0.6 mm in the range of angles  
2Θ = 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 α-phase 
Bi2Sn2O7 [15]. The crystal structure contains 32 Bi3+ ions, 
32 Sn4+ ions, and 112 O2– ions in the independent part of 
the cell (fig. 1). All Bi3+ ions are coordinated by 8 O2– 
ions and form distorted cubes, while Sn4+ ions are coordi-
nated by 6 O2– 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 
Bi2(Sn1-xCrx)2O7 compositions, since the ionic radius  
IR (Cr3+, CN=6) = 0.615 Å is less than the radius of the 
IR ion (Sn4+, CN=6) = 0.69 Å [16]. Cr3+ ions preferably 
occupy octahedral positions. 

IR spectroscopy. Studies of Bi2(Sn1-xCrx)2O7 by IR 
spectroscopy were performed on a Fourier transform 
spectrometer Vertex 80 v with a spectral resolution  
of 1 cm–1 in the temperature range 110–525 K, the fre-
quency range 350–1100 cm–1. 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 Bi2Sn2O7  

in the frequency range of 100–1000 cm–1 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 А2В2О6О'. 

IR absorption spectra at room temperature in the fre-
quency range 350–1200 cm1 for Bi2(Sn1-xCrx)2O7,  
х = 0; 0.05 are shown in fig. 3. 

The IR spectrum of Bi2Sn2O7 contains 4 main vibra-
tion modes: 521, 615, 726 and a broad complex mode in 
the region at 800 cm–1 (tab. 2). The stretching vibration 
mode w = 521 is attributed to stretching vibrations of 
oxygen in the SnO6 octahedron and splits into two lines at 
518 and 525 cm–1. The IR spectra of pyrochlore com-
pounds have very weak absorption bands in the frequency 
range 800–1100 cm–1, which were identified as an addi-
tional complex structural mode of the А–О' long bond  
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in the А2О' sublattice. The difference in bond lengths  
is 20 % between 2.351 Å and 1.961 Å, 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–1 and vibrations of the long bond 
at 483 cm–1.  

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, 
480–560, 580–680, 820–920 cm–1.  

All lines of this spectrum are complex and consist of 
several lines: the frequency range 370–440, 480–560, 
580–680 cm–1 contains 2 lines, and 820–940 cm–1 –  
3 lines. 

 
 

 
 

Fig. 1. Bi2(Sn1-xCrx)2O7-х, х = 0; 0.05, 0.1 crystal structure. The BiO8  
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 

 
Рис. 1. Кристаллическая структура Bi2(Sn1-xCrx)2O7-х, х = 0; 0.05, 0.1.  
Подрешетка BiO8 выделена отдельно. В центре октаэдров находятся  

ионы Sn. Атомы О находятся в вершинах голубых октаэдров.  
Атомы О– темно голубые 

 
 
 

   
 

а        б 
 

Fig. 2. Difference XRD pattern of Bi2(Sn1−xCrx)2O7 (a). Cell parameters of Bi2(Sn1−xCrx)2O7 (b) 
 

Рис. 2. Разностная рентгенограмма Bi2(Sn1-xCrx)2O7 (а). Параметры ячейки Bi2(Sn1-xCrx)2O7 (б) 
 



 
 
 

Сибирский журнал науки и технологий.  Том 21,  № 4 
 

 560

Table 1 
The main parameters experiments and refinement results of Bi2(Sn1-xCrx)2O7 

 

X 0.05 0.1 

Space group Рс Рс 

а, Å 15.0634 (13) 15.075 (1) 

b, Å 15.1055 (12) 15.0823 (1) 

c,Å 21.381 (2) 21.3589 (13) 

β, º 89.924 (7) 89.905 (4) 

V, Å3 4865.0 (7) 4856.6 (5) 

2θ interval, º 5–90 5–90 

Rwp, % 13.93 13.62 

Rp, % 10.21 10.06 

RB, % 5.08 5.56 

χ2 1.75 1.70 

 
 
This is agree with the X-ray structural data for 

Bi2(Sn0.95Cr0.05)2O7. The vibration frequency of ions is 
determined by the symmetry of the crystal lattice. 

The frequency range 370–440 cm–1 of the IR spectrum 
of Bi2(Sn0.95Cr0.05)2O7 (fig. 3) contains a set of lines with 
frequencies of 378, 416 cm–1. The mode at a frequency  
of 382 cm–1 is a stretching Bi – O mode of the ideal pyro-
chlore structure 12. The 416 cm–1 line corresponds to 
oxygen vibrations in the SnO6 octahedron. 

The next frequency range 490–540 cm–1 at room tem-
perature contains two broadened lines with frequencies of 
506, 526 cm–1 (fig. 3), corresponding to stretching vibra-
tions of the Bi – O' bond in Bi2Sn2O7. 

In the frequency range 610–640 cm–1, the IR spectrum 
of Bi2(Sn0.95Cr0.05)2O7 at room temperature has a broad-
ened line, which consists of two lines (fig. 3) with fre-
quencies of 618 and 632 cm–1. IR absorption in this fre-
quency range is attributed to stretching vibrations of the 
Sn – O bond of the oxygen octahedron SnO6 in the pyro-
chlore structure [12]. 

Low-intensity absorption is observed in the high-
frequency range 850–920 cm–1. The absorption spectrum 
has a shoulder at 863 cm–1 and a broadened line consist-
ing of 2 lines with frequencies of 878 and 894 cm–1. In the 
Bi2(Sn0.95Cr0.05)2O7 solid solution, the substitution of tin 
by chromium distorts the local structure in the vicinity of 
bismuth ions, and the vibrations of the Bi – О' – Cr bonds 
correspond to these frequencies. In Bi2Sn2O7, the lone 
electron pairs of Bi3+ are shortened due to the overlap of 
Bi 6s electron pairs and d-orbitals of Sn4+. The ionic radii 
of Sn4+, Cr3+ and Bi3+ 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 SnO6, 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–1. A slight soften-
ing of the frequencies at 878 and 894 cm–1 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 = 330 K. 

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–1, 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–1. 

The absence of a center of symmetry in the α-phase is 
also confirmed by Raman scattering spectra. Experimen-
tal data of Raman spectroscopy Bi2(Sn1-xCrx)2O7,  
x = 0, 0.1 are shown in fig. 4 in the frequency range  
100–1000 cm–1 at room temperature. The spectrum of 
Bi2Sn2O7 consists of a number of broad bands and is con-
sistent with the spectrum data [19]. The ideal pyrochlore 
structure А2В2О(1)6О(2) with a space group 3Fd m  has 
several types of vibrations ГR = A1g + Eg + 4F2g. 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  2
sPc C  has a 

larger number of active modes ГR = 526А' + 527А''. In the 
frequency range 100–200 cm–1 for Bi2(Sn1-xCrx)2O7, x = 0, 
bending (F1u) O-Bi-O, 148 cm–1 and stretching (F1u) Bi-
SnO6, 188 cm–1 vibrations are active 6. 
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In the intermediate region of the spectrum of 
Bi2Sn2O7, 200–400 cm–1 some modes correspond to ac-
tive vibrations of IR spectroscopy for pyrochlores with 
low symmetry. The spectral line at 211 cm–1 is predomi-
nantly described by stretching vibrations (F1u) along the 
Bi-SnO6 bond. Vibrations with frequencies of 274,  
382 cm–1 are defined as stretching (F1u) O-Sn-O and 

stretching (F1u) Bi-O. Within this range, there are two 
modes that correspond to the ideal pyrochlore structure, 
225 (F2g) and 248 cm–1 (Eg). The mode (F2g) is associated 
with the shift of oxygen O1 in the SnO6 polyhedron. Four 
groups of vibrations are observed in the Raman spectrum of 
Bi2Sn2O7 above 400 cm–1. Vibrations of 535 and 400 cm–1 
are classified as stretching O-Sn-O (A1g) and Sn-O (F2g).  

 
 

 
 

Fig. 3. IR spectra of Bi2(Sn1-xCrx)2O7. Curve 1 corresponds to х = 0,  
сurve 2 corresponds to х = 0.05 

 
Рис. 3. ИК спектры Bi2(Sn1-xCrx)2O7. Кривая 1 относится к х = 0,  

кривая 2 относится к х = 0,05 
 
 

 
 

Fig. 4. Raman scattering spectrum of Bi2(Sn1-xCrx)2O7. Curve 1 corresponds  
to х = 0, сurve 2 corresponds to х = 0.05 

 
Рис. 4. Спектры Рамановского рассеяния Bi2(Sn1-xCrx)2O7.  
Кривая 1 относится к х = 0, кривая 2 относится к х = 0,05 
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Table 2 
Vibration modes of Raman and IR spectroscopy of Bi2(Sn1-xCrx)2O7 

 

Raman modes (cm–1) IR modes (cm–1) 

Х = 0 Х = 0.1 Х = 0 Х = 0.05 

correspondence 

108 108   A2u 

148 144 broad   Flexural O-Bi-O (F1u) 

181    Bi-SnO6 (F1u) 

208     

215    F1u 

225    F2g 

248 251   Eg 

274    Flexural O-Sn-O (F1u) 

332   353 F1u 

   382 Stretching Bi – O 

400   416 broad Flexural О в SnO'6(F2g) 

   507 Bi-O' 

512  518  Stretching SnO6 octahedron (A1g) 

534 523 525 526 Flexural O' (A1g) 

 581   Stretching Bi-O(F2g) 

608    (F2g) 

  615 619 

   632 

Stretching Sn–O 

  726   

  801  

 822 820 863, 883 

Overtone or combination 

 
 
The substitution of tin ions by chromium led to a de-

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–1. The spectral 
line 581 cm–1 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–1 does not have an unambiguous interpreta-
tion, and it is defined as an “overtone or combined” band 
(combination band) or mode (F2g) 6. 

Substitution of tin by Cr3+ ions does not change the 
space symmetry group and leads to the absence of some 
spectral lines in the spectrum of Bi2(Sn1-xCrx)2O7, х = 0.1 
in comparison with Bi2Sn2O7. Perhaps this is due to an 
increase in the local symmetry of bismuth pyrostannate at 
a disordered arrangement of Cr3+ ions. 

Conclusion. At room temperature, bismuth pyrostan-
nate Bi2(Sn1-xCrx)2O7, x = 0; 0.05, 0.1 refers to the mono-
clinic structure of Рс. Chromium ions replace tin ions in 
SnO6 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 Bi2Sn2O7 are shifted. 
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