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Relaxations in Ba,BiSbOg double complex perovskite ceramics

Manoel Carvalho Castro, Jr.,* Carlos William de Araujo Paschoal,™® Frank C. Snyder,?

and Michael W. Lufaso?

!Departamento de Fisica, Universidade Federal do Maranh&o, 65085-580 S&o Luis-Maranh&o, Brazil
2Department of Chemistry and Physics, University of North Florida, 1 UNF Drive, Jacksonville, Florida

32224, USA

(Received 1 August 2008; accepted 14 October 2008; published online 24 November 2008)

The electric properties of the complex double perovskite Ba,BiSbOg have been investigated using
impedance spectroscopy in the frequency range from 1 Hz up to 1 MHz and in the temperature
range from room temperature up to 560 K. There are two contributions to the electrical properties
due to the grain and grain boundary. The oxygen vacancies play an important role in the
conductivity and strongly increase the dielectric constant at high temperatures. The analysis of the
frequency dependence of the conductivity clearly shows the structural phase transition of this
compound near 515 K. © 2008 American Institute of Physics. [DOI: 10.1063/1.3026654 ]

I. INTRODUCTION

Perovskite like compounds have found wide use in a
variety of technological devices. Several perovskite related
compounds have been applied as piezoelectric and pyroelec-
tric transducers, laser hosts, transparent ceramics, electro-
optical shutters, second harmonic generators, electrodes, fer-
roelectrics, resonators, and resistors." Substitution of the
B-site cation in perovskite ABO; compounds by two B’ and
B” ions, whose formal oxidation state may be different, has
been an important tool for increasing the number of known
perovskites and diversity of physical properties, which have
increased the number of possible applications. This substitu-
tion is generally obtained in 1:1 or 1:2 ratios. In the 1:2 ratio
case, the complex perovskites stoichiometry is A;B’'B50y or,
conveniently, AB;;B5,03, with certain compounds exhibit-
ing the extensively studied relaxor effect”” and dielectric
constant and losses that permit applications as microwave
dielectrics.®™ For the 1:1 ratio case, one common applica-
tion is as microwave dielectrics.*>™*° For this ratio the struc-
ture normally shows ordering in the B’ and B” ion distribu-
tions that occur in an alternate form along with the three
crystalline axes. This ordering is commonly called NaCl or-

dered and the aristotype structure is cubic with Fm3m sym-
metry. Particularly, in the case of complex double perovskite
compounds family Ba,Bi**Me>*Oq (Me®*=Bi%*, Sb°*, and
Ta®"), the interest is related to the superconductivity showed
by solid solutions involving BaBiO,.>? Since that was con-
firmed, the Bi** disproportionation®’~? in Bi** and Bi5* ions
has emerged a very intense interest in related compounds
where Bi°* is substituted for another pentavalent ion such as
Sb** and Ta®*.**** This family of compounds shows a rich
phase diagram with temperature changes. Each compound
shows at least three phases, the aristotype at high tempera-

tures, a rhombohedral R3 phase at intermediate temperatures,
and a monoclinic 12/m phase at low temperatures.**>
BaBiO; shows these same three phases but the phase transi-
tions occur at high temperatures. At room temperature
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BaBiO; is monoclinic with symmetry 12/m and at low tem-
peratures it is monoclinic with P2;/n symmetry.** The phase

transition R3—12/m is also pressure induced.®**% How-
ever, investigations on the Ba,Bi**Me>*Og (Me®*=Sh°* and
Ta%") ions have focused on the structural properties and
structural phase transitions of these compounds. The electri-
cal or vibrational properties have not been extensively inves-
tigated and reported to our knowledge. Besides, recent elec-
trical investigations in double complex perovskites in the rf
frequency range have showed important features such as de-
fect ordering induced relaxor ferroelectric behavior®® and gi-
ant dielectric constant.>” This work shows for the first time
the use of impedance spectroscopy to characterize the tem-
perature dependence of electrical properties of Ba,BiSbOg
ceramic samples.

II. EXPERIMENTAL DETAILS

Ba,BiSbOg4 powder was prepared in air by conventional
solid state techniques using appropriate stoichiometric mix-
tures of high purity (99.99%, metal basis, Alfa Aesar)
BaCOg3, Bi,03, and Sh,03. The sample was prepared sto-
ichiometrically and ground under acetone with an agate mor-
tar and pestle. The sample was heated for several days in a
high form alumina crucible with intermediate regrinding at
temperatures up to 850 °C until the diffraction peaks, estab-
lished using a Rigaku Ultima Il powder x-ray diffracto-
meter, associated with cation ordering no longer changed. A
13 mm diameter pellet was uniaxially pressed in a steel die
using a Carver hydraulic press. The pellet was placed on a
bed of sacrificial powder of the same composition to mini-
mize reaction with the alumina crucible and sintered at
850 °C.

Impedance spectroscopy measurements were performed
using a Solartron frequency response analyzer model 1260
coupled to a dielectric interface Solartron model 1296. The
measurements were carried out in the frequency range from
1 Hz up to 1 MHz and in the temperature range from room
temperature up to 560 K. Silver paste was used to deposit the
contacts on the ceramic as parallel electrodes. The tempera-

© 2008 American Institute of Physics
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FIG. 1. Frequency dependence of the (a) real part and (b) imaginary part of the electrical modulus of the Ba,BiSbOg at several temperature values.

ture measurements were performed in an EDG 10P furnace
controlled by proportional-integral-derivative thermal con-
troller. All the measurements were performed under N, as an
inert gas.

Ill. RESULTS AND DISCUSSIONS

Polycrystalline samples may be analyzed by considering
the impedance Z(w) spectra as an electric modulus M(w)
spectra in order to emphasize the grain and grain boundary
contributions to the electrical properties.® In Fig. 1 we show
the electrical modulus response to the Ba,BiShOg as a func-
tion of the oscillating frequency of the applied field at sev-
eral measured temperatures.

In terms of the dielectric constant e(w), the electric
modulus is given by

N
©
30333303300

Z' (GQ)

1
M(w) =M'(w) + jM"(w) = —

e(w)
R - ()
M (w) - 8,((1))2 + g/l(w)Z
- &"(w) (1)
M"(w) =

8’((1))2 + 8”((0)2.

Physically, the peak in the imaginary part of the electric
modulus defines the regions where the carrier can move at
long distances (left to the peak) or confinement (right to the
peak). Also, a peak in the M(w) imaginary part indicates a
dielectric relaxation process in the solid, and the frequency
to the maximum indicates the mean relaxation time of this
process. As can be seen, the imaginary part of the electric
modulus exhibits a very well defined peak. In our case the
peak is relatively symmetrical in a considerable frequency
range at each measured temperature. This effect is not ob-
served in other double perovskites.>**®> As well as in other
double perovskites, the frequency at which the maximum

0 1 2 3
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FIG. 2. Nyquist plots of the impedance of the Ba,BiSbOg at several temperature values. (a) Plots for all measured temperatures and a (b) zoom for high

temperatures.
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FIG. 3. Bode plots of the impedance of the Ba,BiSbOg at several temperature values. (a) Real part of the impedance and (b) a zoom in of the imaginary part

of the impedance for high temperatures.

occurs depends on the temperature where the relaxation time
is thermally activated. At the right of the main peak a subtle
peak whose maxima shift up with the temperature is ob-
served. This indicates a possible second relaxation process,
and in order to analyze this we show in Figs. 2 and 3 the
Nyquist plot of the impedance and Bode graphs to the real
and imaginary parts of the impedance, respectively.

It is clear that there is a new peak in the imaginary part
of the impedance [see Fig. 3(b)] evidenced by a new semi-
circular arc in the Nyquist plot of the impedance [see Fig.
2(b)], implying another relaxation process that is observed
when the impedance of the bulk decreases with temperature.
These two relaxation processes are due to the bulk (first pro-
cess) and to the grain boundary (second process). This effect
was not observed in other double perovskites,39‘45 probably
due to the high sintering temperature used in these other
compounds. In order to analyze the temperature dependence
of the relaxation time of these two processes we plot in Fig.
4 the reciprocal temperature dependence of the frequency,
where the imaginary parts of the electric modulus and im-
pedance show maxima. Both relaxation processes have a
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FIG. 4. Arrhenius plots for the frequencies where imaginary parts of the
electric modulus and impedance show maxima.

mean relaxation time that increases with the temperature ex-
ponentially, as suggested by the Arrhenius plot, with activa-
tion energies of 1.14 and 0.96 eV. The activation energy for
the relaxation associated with the bulk is substantially higher
than that observed in some other double perovskites, whose
B’ and B” ions have the same valence than Bi** and Sh®*
such as  Ca,FeShOg  (~0.60 eV),*®  Ba,FeShOq
(~0.75 eV),* and Ba,AINbOg (~0.49 eV).* This bulk ac-
tivation energy has a magnitude of the order of the oxygen
vacancy motion.* The temperature dependence of the di-
electric constant is showed in Fig. 5.

The Ba,BiShOy is not ferroelectric*® when its crystalline

structure is in the nonpolar space group R3, so we did not
expect to observe an intense relaxor peak under temperature
changes. However, we can see that the dielectric constant
strongly increases at high temperatures. This effect is asso-
ciated with the conductivity contribution due to the oxygen
vacancies.

The conductivity of the Ba,BiSbOg was obtained using
the Maxwell relation o(w)=jweye(w), where j is the pure
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FIG. 5. Temperature dependence of the measured dielectric constant of the
Ba,BiSbOg between 1 Hz and 1 MHz.
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FIG. 6. (Color online) Dependence of the ionic conductivity with the fre-
quency of the Ba,BiSbOg at several temperature values. The line indicates
the best fit using Eq. (1).

imaginary, g, is the vacuum permittivity, and e(w) is the
dielectric constant of the sample obtained from the imped-
ance response through the relation &(w)=[jwC,Z(w)]™,
where C, is the capacitance of the open cell. Figure 6 shows
the dependence with the frequency of the ac conductivity at
several temperatures. Due to grain boundary effects we sup-
pose a frequency dependent conductivity o(w) of the form*’

o(w) = 09+ Aw™ D + Bo®T, (2)

where A and B are temperature dependent constants, s1(T)
and s2(T) are two nearly temperature independent param-
eters close to unity, and oy is correlated with the dc conduc-
tivity. The best fit of the conductivity at each measured tem-
perature is shown in Fig. 6 as a line. In Fig. 7 we show the
temperature dependence of the calculated s1(T) and s2(T)
parameters. There is an interesting discontinuous change in
both parameters that was not observed in the other measured
electrical variables. These discontinuous changes reflect the
structural phase transitions that the Ba,BiSbOg compound
undergoes near 242 °C.% There are discontinuities to the
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FIG. 7. (Color online) Temperature dependence of the s1(T) and s2(T)
calculated parameters.

J. Appl. Phys. 104, 104114 (2008)

1.8x10™" —— L 3.0x107
16x10" £ —o-B aa ] .

1 E s - 2.5x10
1.4x10™ E - 23

E e E 5
1.2x10™ | / /o/ 120x10
1ox10™ £ // 4 1.5x10”

<L gox10™ E o ] o
2 E / - 1.0x10
6.0x10™ £ O/ ]

E | -8
4.0x10™ E // 4 5.0x10
20107 >—s—a--0—0f ERY:

00F o a g —aao—a 3
S I N BN B I WIS By,

160 180 200 220 240 260 280
Temperature (°C)

W

00

FIG. 8. (Color online) Temperature dependence of the A and B calculated
parameters.

same temperature in the A and B estimated parameters as
shown in Fig. 8. We can see that the frequency dispersion
terms (A and B) influence increases in conductivity consid-
erably above the temperature of the structural phase transi-
tion.

IV. CONCLUSION

In this work we have investigated for the first time the
electrical properties of the Ba,BiSbOg double complex per-
ovskite using impedance spectroscopy under frequency (rf
range) and temperature changes. The results indicate that
there are two relaxation processes in the ceramic associated
to grain and grain boundary. The relaxation due to the grain
is due to the oxygen vacancies. These vacancies contribute
strongly to the dielectric constant through the ac conductiv-
ity. The conductivity was analyzed with basis in a model that
accounts for two frequency dependent exponential terms due
to the grain and boundary grain conductions. The parameters
associated with these contributions clearly show the struc-
tural phase transition that Ba,BiSbOg undergoes near
242 °C.
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