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A B S T R A C T

The ferroelectric properties of bismuth pyrostannate Bi2(Sn0.85Cr0.15)2O7 in the high-temperature region are
established. The linear thermal expansion coefficient, electrical resistance, impedance, I−V characteristics,
capacitance, loss-angle tangent, charge, and thermopower of the investigated material are measured in the
temperature range of 300−700 K at frequencies of 102−106 Hz. Anomalies of the thermal expansion coefficient
and hodograph spectrum variation in the region of polymorphic phase transitions are observed. The high re-
sistance and change of the hopping conductivity for the tunnel-emission are found. The hysteresis in the electric
field dependence of polarization is established. The change in the thermopower sign with temperature is re-
vealed. The obtained experimental data are explained in the framework of the model of migration polarization
by charged chromium ions.

1. Introduction

At present time, the materials with specified properties, including
magnets, ferroelectrics, and pyroelectrics, have been intensively stu-
died. The optical and electrical properties of these materials are im-
portant for application in optical storage devices [1], sensors [2] and
capacitors operating in a wide temperature range, pyroelectric detec-
tors, [3] and nonlinear optical devices [4]. The electric polarization of
ferroelectric materials can be switched between several states by an
external electric field. This feature is promising for application in
electronics and information technologies for data recording. The
available ferroelectric materials are characterized by the high thermal
and chemical stability and fast electromechanical response. The ferro-
electric properties of crystals are determined by their structure and the
presence of certain functional groups or ion environment in their lat-
tice. The five mechanisms that are considered to be responsible for
ferroelectricity are:

(i) displacement of the electron density of an unshared electron pair
typical of the BiFeO3-type perovskites [5];

(ii) charge ordering [6];
(iii) “geometrical” ferroelectricity, which is the most similar to the

classical model of displacements of the charges localized on ions
[7]; and

(iv) two types of “spin” (magnetic order-induced) ferroelectricity types,

including nonrelativistic one typical of collinear magnets and re-
lativistic one observed in chiral magnets [8].

The variation in spontaneous polarization Ps with temperature in-
duces the pyroelectric current. The change in Ps and occurrence of
electric charges on crystal faces are caused by minor temperature var-
iations of the polar structural distortions or by changes in the charge
ordering. Such changes occur for the time similar in the order of
magnitude to the atomic oscillation period, which ensures a small lag
time of the spontaneous polarization variation with temperature.

Linear pyroelectric crystals are characterized by the linear field
dependence of polarization P(E), do not undergo phase transitions, and
demonstrate the spontaneous polarization over the entire temperature
range of their existence. In contrast to linear nonpolar dielectrics, in
linear pyroelectrics the P(E) dependence passes through a nonzero
value at E = 0. The pyroelectric coefficient of linear pyroelectrics is
usually smaller than that of ferroelectrics [9]. The materials char-
acterized by the pyroelectric effect can also be used as sensors and
power sources for microelectronic applications [10].

The above-mentioned characteristics can be obtained in bismuth
pyrostannate Bi2Sn2O7 with the pyrochlore crystal structure, which
exhibits a variety of properties, including the second optical harmonic
generation. For instance, in cadmium pyroniobate Cd2Nb2O7 the tran-
sition from the paraelectric cubic phase to pseudocubic one at TB =
205 K is accompanied by a permittivity anomaly. In this case, the
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spontaneous polarization occurs [11]. The effect is intensified by
doping with iron ions [12]. In the Bi2Sn2O7 compound, bismuth ions
have an unshared electron pair and the absence of inversion center in
the crystal can lead to the spontaneous polarization.

Substitution of the tin ions in Bi2Sn2O7 by 3d metals (Me) will en-
hance the asymmetry of the Sn-O-Bi-O-Me bond and, consequently,
increase the polarization. The replacement of tetravalent tin ions by
trivalent chromium ones induces charge ordering, which results in the
additional contribution to the polarization and intensification of the
pyroelectric effect.

The aim of this study was to establish the ferroelectric properties
and pyroelectric effect in bismuth pyrostannate Bi2(Sn0.85Cr0.15)2O7

doped with chromium ions in the high-temperature range.

2. Experimental

The Bi2(Sn0.85Cr0.15)2O7 compound was synthesized by the solid
state reaction technique using the scheme:

2(1-х)SnO2 + 2хCrO2 + Bi2O3→Bi2(Sn1-хCrх)2O7, where x = 0.15·

The initial substances were ultrapure Bi2O3, SnO2, and Cr2O3

oxides. The initial oxide mixture was tableted, placed in a furnace, and
exposed at temperatures from 700 to 950 °С for 8−24 h.

At room temperature, the Bi2Sn2O7 crystal structure represents a
distorted pyrochlore one [13] and undergoes three polymorphic tran-
sitions [14,15]. The thermodynamically stable noncentrosymmetric
monoclinic α-Bi2Sn2O7 phase with sp. gr. Р1с1, β = 90.04, and 176
crystallographically independent atoms is existed at temperatures of up
to 137 °С [16]. The independent part of the cell contains 32 Bi3+ ions,
32 Sn4+ ions, and 112 O2− ions (Fig. 1а). All the Bi3+ ions are

surrounded by eight oxygen ions and form a distorted cube; the Sn4+

ion is surrounded by six vertex-sharing oxygen ions forming a distorted
octahedron. Each atom is displaced from the corresponding position in
the ideal pyrochlore cubic structure; the distortion of the Sn-O sub-
lattice is significantly smaller than that of Bi-O´. The average dis-
placements from the ideal pyrochlore structure are 0.389, 0.104, 0.189,
and 0.312 Å for Bi, Sn, O, and O´ respectively. The Sn atoms have a
valence of +4 and electronic configuration 4d1°5s0; the Bi atoms is a
valence of +3 and electronic configuration 5d106s2. At the temperature
corresponding to the first phase transition, the unit cell is distorted. The
β-phase structure determined by neutron and synchrotron X-ray dif-
fraction is cubic with sp. gr. F c T43 ( )d

5 [17]. Above 680 °С, one more
polymorphic transition to the γ phase with sp. gr. Fd m3 occurs [18–20].
The transition α→β at 135 °С is accompanied by the second harmonic
generation [18].

The Bi2Sn2O7 crystal structure consists of two mutually penetrating
chains, Bi2O' and SnO6. In pyrochlores (А2В2О7), ВО6 octahedra are
arranged in zigzag chains in the (110) direction with a В-О-В bond
angle of ~135°.

The structure of the synthesized Bi2(Sn0.85Cr0.15)2O7 samples
(Fig. 1а) was analyzed on a Bruker D8 ADVANCE X-ray diffractometer
with a VANTEC linear detector (CuKα radiation) at room temperature.
All the peaks in the XRD pattern, except for two weak impurity peaks of
unknown phase, correspond to the monoclinic cell Pc in the Bi2Sn2O7 α
phase [16]. The Rietveld refinement was made using a TOPAS 4.2
program [21]. Coordinates of all 176 atoms were fixed, since the
number of only 528 coordinates was comparable with the number of
observed reflections. Nevertheless, even fixed atomic coordinates al-
lowed us to describe correctly all the observed reflections and the re-
finement yielded small uncertainty factors (Fig. 1b). Since the atomic
coordinates and heat parameters were not refined, their values can be
borrowed from study [16]. The decrease in the cell volume upon sub-
stitution confirms that the Bi2(Sn0.85Cr0.15)2O7 composition is similar to
the real chromium concentration, since the ionic radius IR(Cr3+, CN =
6) = 0.615 Å is smaller than the radius of the substituted ion IR (Sn4+,
CN = 6) = 0.69 Å [22]. The Cr+3 ions occupy preferably the octahe-
dral positions.

The electrical properties of Bi2(Sn0.85Cr0.15)2O7 were investigated
by a four-probe technique on a 6517 V electrometer in the temperature
range of 350–700 K. Impedance, capacitance, and loss-angle tangent
were measured on an AM-3028 component analyzer in the frequency
range of 0.1–1000 kHz at temperatures of 300–750 K. The pyroelectric
current was measured with a Keithley 6517b electrometer upon con-
tinuous sample temperature variation between 300–800 K on the
samples with electrodes deposited onto the opposite faces. The pyro-
electric current was detected from the entire sample volume. The
charge on the surface of a sample placed between plates of a capacitor
with a mica spacer to avoid leakage currents was detected on a Keithley
6517b electrometer. The thermoelectric voltage on the opposite sample
faces was measured with an Agilent Technologies 34410 A digital
multimeter in the temperature range of 300–650 K. The linear thermal
expansion coefficient was measured by ZFLA-3–11 strain gauge with a
resistance of R = 210 Ω. The relative difference between the strain
gauge resistances on the sample (Rs) and on mica (Rm) with a thermal
expansion coefficient of 3·10−6 K−1 at fixed temperature
(Rs(T)–Rm(T))/(Rm(T)*T) corresponds to the thermal expansion coef-
ficient of Bi2(Sn0.85Cr0.15)2O7.

3. Results and discussion

3.1. Structural and electrical properties

The structural phase transitions are accompanied by the variation in
lattice parameters and, as rule, in the volume. At the temperature Т =
380 K of the structural phase transition α − β, the thermal expansion
coefficient increases stepwise and has the minimum at Т = 556 K

Fig. 1. (a) Bi2(Sn0.85Cr0.15)2O7 crystal structure. The BiO8 fragment is shown separately.
(b) Difference XRD pattern of Bi2(Sn0.85Cr0.15)2O7. The upper curve shows the experi-
mental XRD pattern; the middle curve, the theoretical XRD pattern; and the lower curve,
the difference between the theoretical and experimental XRD patterns.
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(Fig. 2). Possibly, the compound under study undergoes one more
structural transition at Т = 130 K. The sharp increase of absorption
intensity at frequency ω = 632 cm−1 was observed at temperature T =
125 K for bismuth pyrostannate Bi2(Sn0.95Cr0.05)2O7 [23]. Here, the IR
absorption is attributed to the stretching oscillations of the Sn–O bond
in the oxygen octahedron SnO6 of the pyrochlore structure. A decrease
in the thermal expansion coefficient with increasing temperature is
indicative of weakening of the nonlinearity and lattice anharmonism.

The electrical resistance increases from 4.5·1010 to 5·1010 Ω upon
heating at temperatures of 100–400 K. At the temperature Т= 375 K of
the structural transition α→ β, the resistance sharply grows by 5%. The
temperature dependence of the resistance has a broad maximum near Т
= 250 K, which was observed also in the Bi2Sn2O7 sample [24]. The
resistance growth results from rearrangement of the electronic structure
at the structural phase transition.

We determine the conductivity mechanism and existence of in-
homogeneous electronic states from the I–V characteristics of
Bi2(Sn0.85Cr0.15)2O7, which were measured in external electric fields
from −800 to 800 V/cm. As the temperature is increased, the shape of
the I(U) curve changes. In the temperature range of charge ordering,
the conductivity is described within the model of currents limited by
the space charge using the Mott quadratic law [25,26]

=j τ σ μ U
L

9
8

,μ 0
2

3 (1)

where j is the current density, τμ is the Maxwell relaxation time, σ0 is the
electrical conductivity in the bulk of the material in the absence of
carrier injection, μ is the carrier mobility, U is the applied voltage, and L
is the sample thickness. The experimental I–V characteristics in the
logarithmic coordinates shown in Fig. 4а are described well by Eq. (1).

At temperatures above 400 K, the hysteresis of the I–V character-
istics is observed, since the current at the increasing external electric
field dE/dt> 0 is larger than at the decreasing field dE/dt< 0. In the
presence of polar regions, the external electric field tends to rotate
polarization vector P parallel to the field, which will lead to a decrease
in the internal electric field in the sample, E = E0-ε0E’, E’= P/ε0 and,
consequently, in the current density at a certain voltage. In a poly-
crystal, the anisotropy axes are randomly oriented and the polarization
can take two equilibrium values. As a result, the internal electric field
decreases in the applied electric field and the hysteresisi of the I–V
characteristics is observed. The relative current difference ΔI/I = (I(dE/
dt> 0) – I(dE/dt< 0))/I(dE/dt> 0) as a function of the field is pre-
sented in Fig. 3с.

In the high-temperature region, starting from Т = 450 K, the
Pool–Frenkel conductivity prevails (Fig. 3b), at which a strong electric
field applied to a sample changes the shape of potential barriers for
carriers. This mechanism is characterized by linear portions in the

temperature dependences of the conductivity on the square root of
applied voltage of different polarities, which is indicative of the con-
tribution of carriers occurring due to the Pool–Frenkel emission to the
current. In this case, the current depends exponentially on applied
voltage and the exponent contains the square root of voltage [27–29].

=I eμn U
L

βU
kTL

exp ,0

1/2

1/2 (2)

where e is the elementary charge, μ is the carrier mobility, n0 is the
electron concentration in the conduction band in zero field, U is the
applied voltage, L is the sample thickness, k is the

Boltzmann constant, β is the Pool–Frenkel constant, = ( )β e
πεε

1/23

0
, ε0

is the permittivity of
vacuum, and ε is the permittivity of a semiconductor. The linearity

of the plots in the ln(I/U) dependence from U1/2 in the Pool–Frenkel
coordinates (Fig. 3c) indicates that carrier transport in

Fig. 2. Temperature dependence of the thermal expansion coefficient of
Bi2(Sn0.85Cr0.15)2O7.

Fig. 3. I–V characteristics of Bi2(Sn0.85Cr0.15)2O7. (а) Dependence of the current on the
squared applied voltage at Т = 300 K. Curve 1 corresponds to the positive voltage, 2 -
negative voltage. (b) Pool–Frenkel I–V characteristic measured at Т = 600 K. Curve 1 -
positive voltage, 2 -negative voltage. (c) Temperature dependence of the relative current
difference (I(dE/dt< 0) – I(dE/dt> 0))/I(dE/dt> 0) on the applied voltage. Curves 1, 2,
3, and 4 correspond to temperatures of 450, 500, 550, and 600 K.
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Bi2(Sn0.85Cr0.15)2O7 is implemented mainly via hopping conductivity
and tunnel electron emission. The heterovalence of Sn and Cr leads to
the occurrence of an unpaired electron in the potential well created by
chromium ions. Under the action of the external electric field, this
electron tunnels between chromium ions.

The capacitive and inductive carrier contributions in the samples
can be estimated by impedance spectroscopy. Fig. 4 shows the
Bi2(Sn0.85Cr0.15)2O7 hodograph at some temperatures in the frequency
range of 102−106 Hz. The linear X(R) dependence reflects the diffusion
process and is described by the Warburg impedance [30–32]. Possibly,
the diffusion is the result of electrons hopping over the nearest sites
[33]. The impedance hodograph above 550 K is approximated by an
equivalent circuit with parallel connection of the capacitance and re-
sistance at a relaxation time of τ = RC = 2.4 s (Fig. 4b).

In the Bi2(Sn0.85Cr0.15)2O7 β phase, the active resistance has a broad
maximum (Fig. 5a), whose temperature shifts from Т = 590 K at a
frequency of 1 kHz toward higher temperatures in accordance with the
logarithmic law Tm = 100 + 94 log (ω). Below the temperature of the
transition α→β, the reactive resistance (Fig. 5b) is caused by only the
capacitive contribution and the frequency dependence is described by
the power law Х = А/ωn. In the noncentrosymmetric cubic phase, the
exponent decreases from unity to n = 0.8, which is indicative of ad-
dition of the inductive contribution from carriers. The impedance
monotonically decreases with heating as a result of capacitance growth.

3.2. Permittivity

The spectral and temperature dependences of the permittivities can
be used to establish the dipole electric moment and determine its
characteristics, even when we speak about the local dipole moment in
small clusters without long-range order. In addition, the dielectric
properties are given information about charge transport and charge
ordering.

The temperature dependences of the permittivity for several fre-
quencies are presented in Fig. 6. The real part of the permittivity
(Fig. 6а) has an inflection point and the imaginary part (Fig. 6b) has the
maximum, whose temperature shifts to the high-temperature region
with increasing frequency from Т = 512 K at ω = 1 kHz to Т = 700 K
at ω = 300 kHz. Upon further heating, the real and imaginary parts of
the permittivity sharply increase and depend on frequency.

In the β phase, there is the polarization caused by the electron
migration in crystal grain and localization on the grain boundary.
Localization of electrons of chromium ions leads to the permittivity
maxima.

The frequency characteristics of the complex permittivity in the
range from 1 to 1000 kHz are presented in Fig. 7. The dielectric re-
laxation cannot be described by a simple exponential law with one
activation energy. In the most general case, the dipole moment re-
laxation can be described in terms of continuous distribution of re-
laxation times, when a system contains a set of local minima and po-
tential barriers between them. A series of alternating relaxation
processes occur in the system. This slows down the relaxation and leads

Fig. 4. Temperature dependence of the impedance spectra of Bi2(Sn0.85Cr0.15)2O7. (a) Impedance spectra presented at temperatures of 450, 500, 550, and 600 K. The dashed line
corresponds to 550 K. (b) Equivalent circuit of the parallel connection of a resistance of R = 8·107 Ω and a capacitance of C = 3∙10−8 F of Bi2(Sn0.85Cr0.15)2O7 at Т = 600 K.

Fig. 5. Temperature and frequency dependence of the resistance of Bi2(Sn0.85Cr0.15)2O7: (а) active resistance and (b) reactive resistance. Curve 1 corresponds to 1 kHz, 2–5 kHz,
3–10 kHz, 4–50 kHz, 5–100 kHz, 6–300 kHz.
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to the transformation of the Debye exponent to the dependences des-
cending with time at a lower rate. To describe qualitatively the per-
mittivity, we approximate the relaxation time spectrum by two times τ1
and τ2 expressed by the Arrhenius function τ = τ0exp (ΔE/kT), where
ΔE is the activation energy.

We write the permittivity using the Debye model

= + + + +Re ε ε χ ωτ χ ωτ( ) /(1 ( ) ) /(1 ( ) ),0 0 1
2

0 2
2 (3)

= + + + +Im ε χ ωτ ωτ χ ωτ ωτ σ ωε( ) /(1 ( ) ) /(1 ( ) ) / ,0 1 1
2

0 2 2
2

0 (4)

where ε0 is the frequency–independent contribution to the permittivity,
χ0 is the static susceptibility of dipoles, ω is the frequency, σ = σ0exp
(−ΔEc/kT) is the sample conductivity, and ΔEc is the carrier activation
energy. The permittivity of Bi2(Sn0.85Sn0.15)2O7 is described sa-
tisfactorily by function (3, 4) (dashed lines in Figs. 6 and 7); the acti-
vation energies are ΔE1 = 0.26 eV, ΔE2 = 0.15 eV, and ΔEc = 0.52 eV.

3.3. Polarization and thermopower

Field dependences of the electric polarization vector of
Bi2(Sn0.85Cr0.15)2O7 were obtained by measuring the surface charge as a
function of electric field at temperatures of Т = 300, 350, 400, 450,
500, and 550 K. At these temperatures, except for 550 K, we observed
the hysteresis loop, which is indicative of the ferroelectric properties.
Below a transition temperature of 370 K, the P(E) hysteresis loop is
symmetric and above it shifts along the polarization axis. The loop shift
increases upon heating and arises from thermal emission current jt and

pyroelectric current jp:

∫ ∫= + +Q P S S j dt S j dt2 ,S p t (5)

where PS is the spontaneous polarization and S is the capacitor area.
Fig. 8а presents field dependences of polarization after subtraction of
the thermal emission and pyroelectric currents.

The remanent polarization Pr at Е = 0 increases with temperature
(Fig. 8b) and has a sevenfold jump at the structural transition with
increasing Pr. Polarization is due to the filling of vacant electronic states
of Nv on the surface of the crystallite. These states are filled with
electrons from the impurity ions of chromium Nv = N0exp(-ΔE2/kT) at
heating. The number of electrons on the surface of the crystallite in-
creases and amounts to Ns= Ns0 + Nv, where Ns0 is the number of
electrons on the surface at T = 0. The electron polarization of the
crystallite disappears when the electrons are delocalized on the surface
and the charge is formed near the contacts, σ = evNc, where Nc is the
electron concentration in the near-contact region, and v is the velocity
of the current carriers. Let us estimate the functional dependence of the
polarization on the temperature:

⎜ ⎟= − = ⎛
⎝

− ⎞
⎠

= + ∙ − ∆

− ∙ − ∆ + ∙ ⎛
⎝

− ∆ ⎞
⎠

P A N N AN N
N

a b E
kT

cT E
kT

b E
kT

(v ) v 1 (1 exp ( )(1

exp ( )/(1 exp ,

c s s
c

s

c

2

3/2 2

(6)

where a, b, c are parameters that do not depend on temperature. In
Fig. 8, the fitting function (6) describes satisfactorily the experimental

Fig. 6. Temperature dependence of the permittivity of Bi2(Sn0.85Cr0.15)2O7 at different frequencies: (а) real part and (b) imaginary part. Curve 1 corresponds to 1 kHz, 2 - 5 kHz, 3 -
10 kHz, 4 - 50 kHz, 5 - 100 kHz, 6 - 300 kHz. The Re(ε) and Im(ε) functions calculated using the Debye model at frequencies 1 kHz and 5 kHz (dashed lines).

Fig. 7. Frequency dependence of the permittivity of Bi2(Sn0.85Cr0.15)2O7 at different temperatures: (а) real part and (b) imaginary part. Curve 1 corresponds to 450 K; 2 - 500 K; 3 - 550 K,
and 4 - 600 K. Frequency dependences Re(ε) and Im(ε) calculated using the Debye model at Т = 450 and 500 K (solid lines).
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results. The activation energy ΔE 2 = 0.15 eV in the cubic phase co-
incides with the energy in the Arrhenius law for dielectric relaxation.

To extract the polarization from (6), we measured the current in
zero electric field. Fig. 9 shows the temperature dependence of the
current. The current grows exponentially above 460 K and is described
well by the dependence of lg(I) on 1000/Т in the temperature range of
470–750 K with an activation energy of ΔЕ = 1.12 eV. The current in
zero electric field is caused by the pyroelectric effect and thermopower.

In addition to the primary pyroelectric effect, one can observe the
polarization drop caused by heat expansion of bismuth pyrostannate.
All pyroelectrics are piezoelectrics; therefore, heat expansion by means
of the direct piezoelectric effect changes the polarization. This is the
secondary pyroelectric effect. The pyroelectric current can be measured
by a dynamic technique. The existence of the pyroelectric current is
confirmed by the thermopower.

Fig. 10 shows the temperature dependence of the themopower
coefficient in the range of 300–650 K. The thermopower sign changes
from negative to positive at a temperature of Т = 525 K near the
temperature of disappearance of the remanent polarization, which in-
dicates the transition to the hole conductivity. The maximum thermo-
power is attained at 627 K. The thermoelectric current changes its sign
upon heating and the current in zero external field increases ex-
ponentially with an increase in temperature.

The coefficient of efficiency, calculated from the relation
=ZT α T kρ/2 , where α is the Seebeck coefficient, ρ is the electrical re-

sistivity, k is the thermal conductivity, and T is the absolute tempera-
ture is two orders of magnitude lower than in the binary and ternary
compounds formed by IV (Ge, Sn, Pb) and group V (Sb, Bi) elements

that related to well-known popular thermoelectric materials [34–41].
The thermoelectric properties of these compounds are highly dependent
on the current carrier concentration, the temperature, and the pre-
paration technique. These compounds are possessed high Seebeck
coefficient, low electrical resistivity, and low thermal conductivity va-
lues [35].

4. Conclusions

We synthesized a new single-phase compound, bismuth pyr-
ostannate, substituted by chromium with the monoclinic symmetry
without inversion center. We found a jump in the linear thermal ex-
pansion coefficient of the lattice at the polymorphic transition from the
monoclinic to cubic phase and minimum at the temperature of dis-
appearance of spontaneous polarization. The electronic transition with
the variation in the conductivity type from hopping to Pool–Frenkel
emission is found.

The frequency dependences of the permittivity are described sa-
tisfactorily by the exponential law of dipole relaxation with two acti-
vation energies. The permittivity and dielectric loss decrease with in-
creasing frequency. We established the polarization hysteresis upon
variation in the external electric field and a remanent polarization jump
at the structural transition. We determined the critical temperature of
disappearance of the polarization with the corresponding maximum in
the temperature dependences of permittivity and change in the ther-
mopower sign upon temperature variation and the transition from the
diffusion of charged particles to the formation of charged regions. In the
imaginary component of the impedance, the capacitive contribution
prevails.

The sharp maximum and change in a sign of the thermopower

Fig. 8. (а) Dependence of the polarization of Bi2(Sn0.85Cr0.15)2O7 versus electric field at different temperatures: curve 1 corresponds to 300 K, 2 – 350 K, 3 – 400 K, 4 – 450 K, 5 - 500 K.
(b) Temperature dependence of the remanent polarization of Bi2(Sn0.85Cr0.15)2O7.

Fig. 9. Temperature dependence of the current in Bi2(Sn0.85Cr0.15)2O7 measured in zero
external electric field at a heating rate of 2 deg/min. Inset: current at Е = 0 vs reciprocal
temperature.

Fig. 10. Temperature dependence of the thermopower coefficient of Bi2(Sn0.85Cr0.15)2O7.
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versus temperature was revealed. The hole type of conductivity was
determined at high temperature. The qualitative difference between the
temperature behaviors of the current in zero electric field and of the
thermoelectric current was observed. The prerequisites for the existence
of the pyroelectric current in bismuth pyrostannate were established.
The growth of remanent polarization of (Sn0.85Cr0.15)2O7 upon heating
was interpreted within the model of accumulation of charge carriers at
crystallite boundaries.
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