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Ferroelectrics of the perovskite family having the gen-
eral formula ABO3 (A = mono or divalent, B = tri,
tetra, penta or hexavalent ions) have been the subject
of extensive research both because of their technologi-
cal importance and because of the fundamental interest
in the physics of their phase transition. It is interest-
ing to note that complex/mixed perovskite compounds
formed by substituting suitable single or multi-ions at
A- and/or B-sites in the above general formula have
yielded many interesting physical properties useful for
devices such as computer memory and display, trans-
ducers, sensors, electrostrictive actuator, microwave
modulators etc. [1–4]. Further, it has been found that
the desired device parameters can be obtained by suit-
able substitutions of single or multi-elements at the A
and/or B sites of the perovskite compounds [5] satisfy-
ing the following conditions: (i) charge neutrality and
(ii) suitable tolerance factor t [6], which is defined as

t = r̄A + r0√
2(r̄B + r0)

where t is the tolerance vector, r̄A and r̄B are the aver-
age radii of the ions at the A and B sites respectively.
r0 = 1.32 Å (Goldschmidt ionic radius of O−2). For
ideal perovskite, t = 1. For normal or usual perovskite
t is expected to be within the range 0.80 ≤ t ≤ 1.05.
From an extensive literature survey it has been found
that lead-based perovskite compounds, viz PbTiO3,
PbZrO3, etc., have been found very important either
in pure or complex forms for devices and system appli-
cations. It is also observed that not much work has been
reported on modified lead tungstate and molybdate.
This may be due to the higher electrical conductivity of
W6+ and Mo6+ ions [7, 8]. We have controlled the con-
ductivity effectively by substituting suitable dopants at
B site [9, 10]. Here we propose to substitute isova-
lent cations Mn2+ and Co2+ with 25 mole percent of
each individual cation at the W-site of lead tungstate
to find the existence of ferroelectric properties and na-
ture of phase transitions and conductiuon mechanism in
them. We report here the preliminary structure and de-
tailed electrical properties of Pb(Mn1/4Co1/4W1/2)O3
[PMCW] for better understanding of physics of ma-
terials for possible applications. The tolerance factor,
t (in Pauling scale) of the compound was calculated

using the above equation and was found to be 0.89.
This clearly shows that the compound should have a
distorted perovskite structure.

The polycrystalline samples of PMCW were syn-
thesized from high-purity oxides and carbonates: PbO
(99.9%, M/s Aldrich Chemical Co., USA), MnCO3
(AR grade, M/s Loba Chemie Industrial Co., India);
CoCO3 (99%, M/s s.d. Fine Chemical Pvt. Ltd., India)
and WO3 (AR grade, M/s B.D.H. Chemical Ltd., U.K.)
using a solid-state reaction technique. These ingredi-
ents taken in a suitable stoichiometry were thoroughly
mixed in an agate mortar for more than 2 h. The fine
mixed powder was then calcined at 765 ◦C for 18 h in an
alumina crucible in air atmosphere. The process of mix-
ing and calcination was repeated until homogeneous
fine powder of PMCW was obtained. Finally, the fine
calcined powder of PMCW was used to make cylindri-
cal pellets of diameter 10 mm and thickness 1–2 mm
under an isostatic pressure of about 6.5 × 107 N/m2.
Polyvinyl alcohol (PVA) was used as a binder to re-
duce the brittleness of the pellets. The binder was burnt
out during the sintering of the sample. The pellets were
then sintered in an alumina crucible at 775 ◦C in an air
atmosphere. Room temperature (32 ◦C) X-ray diffrac-
tion pattern (XRD) of fine calcined powder were taken
with a Phillips X-ray powder diffractometer (PW 1710)
using Cu Kα radiation (λ = 1.5418 Å) in a wide range
of Bragg angles, 2θ (10 ◦ ≤ 2θ ≤ 80 ◦) with a scan-
ning rate of 2 ◦/min. To study the electrical properties
of the materials, both the flat surfaces of the samples
were electroded with fine and air-drying silver paint
and were kept at 200 ◦C for 2 h to remove the moisture,
if any.

The dielectric constant (ε) and loss (tan δ) of PMCW
were measured both as a function of frequency (1 kHz
to 10 kHz) and temperature (32 to 150 ◦C) using a
GR 1620 AP capacitance measuring assembly and a
laboratory-made 3-terminal sample holder which com-
pensated for any stray capacitance. The dc electrical
resistivity was measured both as a function of biasing
electric field (9.8 kV/m to 98 kV/m) at room temper-
ature and temperature (50 ◦C to 350 ◦C) at a constant
electric field of 9.8 kV/m with the help of a Keithley-
617 programmable electrometer. In the resistivity mea-
surements the sample was first heated to above 355 ◦C
and then measurement was recorded in the cooling
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mode. An attempt was made to study hysteresis loop
of the material using Sawyer-Tower circuit [11], but no
proper hysteresis loop was found because of dielectric
breakdown even at low field.

The sharp and single peaks of the room temperature
XRD pattern of PMCW, which were different in posi-
tion and intensity from those of ingredient carbonate
and oxides, suggested the formation of single-phase
compound. All the reflections (strong, medium and
weak) were indexed and the lattice parameters were
determined in different crystal systems and cell con-
figurations using a computer package Program “Powd-
Mult”. A very good agreement between dobs and dcal
was observed in the orthorhombic crystal system. Fi-
nally, the lattice parameters were refined using the
least-squares method. The refined lattice parameters
are: a = 10.4387(20) Å, b = 12.6326(20) Å and c =
13.7269(20) Å. The dobs and dcal of PMZW have been
compared in Table I. With limited number of reflec-
tions of XRD pattern, it was not possible to determine
the space group of the material. Using the XRD pattern
and Scherrer’s equation [12] [Phkl = kλ/β1/2Cos θhkl
where k = 0.89 and β1/2 = half peak width], coherently
scattered particle size of the compound was calculated
and was found to be 189 Å. The smaller particle size
is of a great importance, as it offers a higher rate of
densification due to both an increase in driving force
for sintering and to the smaller distances of mass trans-
port needed to fill the pores, thus permitting lowering
of sintering temperature and the achievement of fine
grain ceramics.

Fig. 1 shows the variations of the dielectric constant
(ε) and dielectric loss (tan δ) as a function of frequency
at room temperature. The nature of the variation of these
parameters shows the expected behavior of a dielectric.
The dielectric constant decreases with increasing fre-

T ABL E I Comparison of observed and calculated d-values (in Å)
of some reflections of Pb (Mn1/4Co1/4W1/2)O3 compound at room
temperature

h k l dobs dcal I/I0

0 1 1 9.2779 9.2954 6
0 0 3 4.5800 4.5756 7
3 0 0 3.4802 3.4796 68
3 0 1 3.3671 3.3729 16
1 0 4 3.2641 3.2601 100
0 4 1 3.0833 3.0777 38
1 4 0 3.0235 3.0228 27
1 2 4 2.9104 2.8970 27
0 0 5 2.7409 2.7454 28
2 4 1 2.6456 2.6511 11
2 0 6 2.0953 2.0954 17
2 6 1 1.9330 1.9331 25
1 4 6 1.8244 1.8242 10
0 3 7 1.7771 1.7777 15
4 4 4 1.7364 1.7355 12
6 1 1 1.7123 1.7101 13
2 3 7 1.6825 1.6828 16
4 2 6 1.6592 1.6599 22
6 0 3 1.6256 1.6262 17
5 4 4 1.5526 1.5530 12
2 4 8 1.4484 1.4485 9
6 5 0 1.4329 1.4329 36
6 2 6 1.3525 1.3527 8

Figure 1 Variation of dielectric constant (ε) and dielectric loss (tan δ)
of PMCW as a function of frequency at room temperature.

Figure 2 Variation of dielectric constant (ε) and dielectric loss (tan δ)
of PMCW as a function of temperature at 10 kHz.

quency. This suggests the presence of different types
of polarizations (i.e., electronic, atomic, dipolar, ori-
entational etc.) at low frequencies. As frequency is in-
creased, some of the polarizations are ineffective, and
hence we have a lower value of ε.

Fig. 2 shows the variation of ε and tan δ as a function
of temperature (32–50 ◦C) at 10 kHz. From this plot it is
clear that the compound has a weak dielectric anomaly
at 108 ◦C (usually referred as Tc). Above 128 ◦C, ε in-
creases sharply with further rise in temperature. This
is due to the presence of space charge polarization in
the bulk material. The dielectric loss varies in a similar
way. A small temperature difference between the peaks
of dielectric constant and loss tangent is consequently
an outcome of Kramers-Kronig relation accounting for
the broadening of phase transition in the material [13].
Further, Mn2+, Co2+ and W6+ ions occupy octahedral
positions. This suggests that in PMCW, the fluctuations
in the statistical distribution of Mn2+, Co2+ and W6+
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Figure 3 Variation of ac conductivity (ln σac) of PMCW as a function
of inverse of absolute temperature (103/T ) at 10 kHz.

are too small to be conspicuous for providing a fairly
broadened phase transition.

The ac electrical conductivity (σac) and activation
energy (Ea) of PMCM in the paraelectric phase were
calculated from the measured dielectric data and us-
ing the formulate [14] σac = ε εo ω tanδ—(1) and
σac = σo exp. (−Ea/kBT )—(2) where εo is the vac-
uum dielectric constant, ω the angular frequency and
kB the Boltzmann constant. The plot of Equation 2
as in σac versus 103/T is shown in Fig. 3. The small
hump observed at 108 ◦C is in consistent with the tran-
sition temperature observed in our dielectric studies.
This confirmed a phase transition in the compound.
This type of observation has been found in many other
oxide ferroelectrics [10, 15, 16]. In spite of this anomaly
in dielectric constant and ac conductivity, proper hys-
teresis loop was not observed. Attempts are being made
again to modify the Sawyer-Tower circuit for the pur-
pose. The activation energy was found to be 0.56 eV.
The low activation energy can be explained as follows:
Typical ionic solids possess a limited number of mo-
bile ions, which are hindered in their motion by be-
ing trapped in relatively stable potential walls. Due to
a rise in temperature the donor cations take a major
part in conduction. The donors create a level (usually
called a donor level) in the vicinity of the conduction
band. Therefore, to activate donors a small amount of
energy is required. In addition to this, a slight change
in stoichiometry (i.e., the metal : oxygen ratio) in multi
metal complex oxides causes the creation of a large
number of donors or acceptors, which create donor-or
acceptor-like states in the vicinity of conduction or va-
lence bands. These donors or acceptor can be activated
even with little energy [17].

The variation of dc resistivity (ρdc) with the biasing
field at room temperature is shown in Fig. 4. The dc
resistivity of the material decreases with increase in
biasing field. With direct applied voltage, the diffusion
of mobile impurity ions builds up a much larger charge
at the surface until the reverse field so developed from
the surface charge eventually arrests the current. As
such, with increase in dc field the surface charge build

Figure 4 Variation of dc resistivity (ln ρdc) of PMCW as a function of
biasing field at room temperature.

Figure 5 Variation of dc conductivity (ln σdc) of PMCW as a function
of temperature at a constant electric field 9.8 kV/m.

up by the mobile ions is expected to increase which
explains the nature of ρdc versus biasing field curve.

Fig. 5 shows the variation of dc conductivity (σdc)
of PMCW with temperature at a constant biasing field
of 9.8 kV/m. The increase in conductivity at high tem-
perature may, however, be possibly due to the supply
of more and more thermal energy to the material as
the temperature increases. This results in the creation
of more and more free electrons that could be set free
from O2− ions. When an electron is introduced in the
sample it might be associated with cations, which re-
sults in creating an unstable valence state [18]. This
type of resistive behavior is found in many ferroelectric
materials studied by us [19–21]. The activation energy
(Ea) of PMCW compound calculated from the slope of
the In σdc versus 103/T was found to be 0.51 eV in the
higher temperature region. From low value of activa-
tion energy, it is again confirmed that oxygen may be
the main carrier in the electrical conduction.

Finally, it is concluded that PMCW has orthorhom-
bic structure at room temperature and undergoes weak
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dielectric anomaly at 108 ◦C. At higher temperature
PMCW shows semiconducting behavior and can be ef-
fectively used for highly sensitive thermal detectors,
sensors, thermisters etc.
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