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Abstract. A complex perovskite Ca(Mn1/3Ni1/3W1/3)O3, abbreviated as CMNWO, is synthesized by adopting the solid-state
ceramic procedure. The X-ray diffraction analysis of CMNWO shows that the present perovskite is acquiring a cubic crystal
structure having the cell dimension of a = 3.8321 Å. The obtained cell parameter is in good agreement with the theoretical cell
parameter obtained from the SPuDS-V2.19.05.14 code. The micrograph describes the uniform grain distribution in the
CMNWO sample. The average crystallite size of the sample was found to be 50.98 nm, which was calculated using the
Scherrer relation. The dielectric and electrical properties like dielectric constant, dissipation factor, impedance, electrical
modulus and conductivity of CMNWO were studied. The activation energies were determined from the AC-conductivity data
in the temperature range of 200–350°C and 360–500°C. The dielectric spectra with temperature suggest that the present
CMNWO is semiconducting in nature and follows the negative temperature coefficient of resistance kind of behaviour.
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Introduction

Multiferroics are generally single-phase materials that have
two/more than two ordered ferroic parameters such as ferromagnetism, ferroelectricity, superconductivity, magnetoresistance, ionic conductivity, great dielectric property
and ferroelasticity [1]. Now, most of the researchers are
focusing on combining the magnetic and ferroelectric
behaviours of different materials to fabricate the desired
multiferroic material, which is in turn used in the memory
devices, microelectronics and telecommunication [2].
Perovskites are named after the discovery of calcium
titanium oxide (CaTiO3) structure (by Gustav Rose in 1839)
and according to the name of Count Lev Aleksevich Von
Perovski (Russian nobleman and mineralogist) [3]. The
general formula for perovskites is A0 B0 X3, where two
cations A0 and B0 are with distinct sizes and X is an anion
like oxygen or halides or sulphides or sometimes nitrides
also. The anion X can bind to both the cations to give more
stable structures [4]. There are some perovskite structures
derived from homologous series having different compounds of oxides, i.e., Ruddlesden-Popper (RP) phase, these
types of perovskite structure consists of 2-dimensional
perovskite-like slabs placed in between the cations, having
the common formula An?1BnX3n?1, where n is the number
of octahedral layers present in the perovskite-like stack;

Dion-Jacobson, is the forced layer, which is formed by the
composition of M (alkali metal) in every nABO3 layers,
with the general formula as M?An–1BnO3n?1; Aurivillius
series, this is also a forced layer, which is composed of a
[Bi2O2]2? ion, arising in every nABO3 layers with the
chemical formula Bi2An–1BnO3n?3 and some others [5–7].
The cubic structured perovskites are known as the perfect
classic perovskties and these cubic perovskites are associated with ferroelectric as well as dielectric behaviour to find
application in different devices. The information on the
ratio of the ionic sizes of A and B and the electronic configuration of the metal ion will help us to predict the
structural distortion in a perovskite. The high temperature
can induce the structural phase transitions in the cubic
perovskites. There are 2 types of structural distortions in
perovskites: (i) off-centring of B ion into BO6 octahedra and
(ii) the tilting or rotation of the BO6 octahedra in [1 0 0]
axes [8,9]. The second type of transition is antiferrodistortive (AFD) type of transition and is believed to be a
displacive phase transition [9]. The details of the octahedral
tilting in phase transitions for CaMnO3 are described elsewhere [9]. This type of structured material has very good
photoelectric properties, very less excitation BE (binding
energy) and also has a large dielectric constant, and electrons or holes can be successfully transmitted and controlled
[10].
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Mainly three factors, i.e., size effects; deviations from the
ideal composition and the Jahn–Teller effect are responsible
for distortion. As one can see when we increase the temperature, the barium titanate (BaTiO3) forms four types of
phase transitions: (a) rhombohedral (R3m) structure at
-90°C, (b) orthorhombic (Amm2) at 5°C, (c) tetragonal
(P4mm) at 120°C and (d) cubic (Pm-3m) above 120°C.
Due to size effects, the degree of distortion depends on
the tolerance factor, where the tolerance factor is calculated
from the radii (rA00 , rB00 and r1) [11]. Perovskite structure can
be predicted from the tolerance factor (t00 ) value, which was
introduced by Goldschmidt as:
ðr 00 þ r1 Þ
;
t00 ¼ pﬃﬃﬃ A
2ðrB00 þ r1 Þ

ð1Þ

where rA00 and rB00 are the ionic-radii of the cations A00 and
B00 and r1 is the ionic radius of oxygen anion. At t00 \ 1,
tilting mode (order–disorder phase transition) arises and at
t00 [ 1, off-centring of B ion causes in the BO6 octahedral.
The off-centring occurs when A cation is larger than B
cation, by which contraction occurs in BO6 octahedron. Due
to this, the cavity is formed in BO6 octahedron, which is
suitable for the tilting of B ion [12]. The ideal perovskitetype structure is cubic with space group Pm3m-Oh [13]. In
SrTiO3 (ideal cubic perovskite), t00 = 1.00, the values of rA,
rB, rO are 1.44, 0.605 and 1.40 Å, respectively. When the
value of t00 is smaller than 1, due to smaller rA value than
ideal value, the tilting of B ion occurs to fill the space in
[BO6] octahedron. For 0.89 \ t00 \ 1, the structure of perovskite is cubic [14]. The t00 value is more than 1 if A, B
cations are larger and smaller, respectively, than their ideal
value. At that time the perovskite with the hexagonal
structure is very stable, for example, the structure of
BaNiO3, where the closely stuffed layers are arranged in a
hexagonal manner.
The tolerance factor can estimate the suitable combinations of cations for the structure of perovskites [15]. As the
value of t00 is one for cubic perovskite structure, the deviation from t00 = 1, is a measure of the degree of distortion in
a given perovskite from the ideal cubic structure. The
structure of perovskite will be hexagonal, cubic, hexagonal
ilmenite structure and orthorhombic for 1.00\t00 \1.13, 0.9
\ t00 \ 1.0, t \ 0.75 and 0.75 \ t \ 0.9, respectively [16].
The structural distortion in some perovskites occurs due to
the presence of Jahn–Teller active ions at the B place, such
as the presence of Mn3? ions (3d4 electrons) in LnMnO3
(Ln = La, Pr or Nb), where 3 electrons are occupied in t2g
and 1 electron in eg orbital. Elongation of the [MnO6]
octahedron occurs due to the absence of an even number of
electrons in orbital [14].
Actually in the ideal perovskite structure, the bandgap is
very less, whereas electron mobility is maximized, so any
distortions in the perovskite structure can have a significant
effect on the bandgap and electron mobility. As a result, the
modified perovskites have demonstrated interesting
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properties like ferroelectricity, good electro-conductivity
very similar to metals, ionic conductivity, good magnetic
property, and also some perovskites showed better photocatalytic activity. For example, BaTiO3, PdTiO3 have good
ferromagnetic property; LaCoO3, LaMnO3, BaCuO3 have
good catalytic property; La(Ca)AlO3, CaTiO3, BaZrO3,
have good ion conductivity and La0.6Sr0.4CoO3, La0.8
Ca0.2MnO3 are good electrodes, etc. [17]. In this study, a
novel perovskite Ca(Mn1/3Ni1/3W1/3)O3 (CMNWO) was
synthesized by low-cost technique (solid-state reaction
method) and the structural distortions, electrical, dielectric
behaviour are discussed.

2.

Experimental

The perovskite material with the compositional formula
Ca(Mn1/3Ni1/3W1/3)O3, abbreviated CMNWO, was synthesized by taking carbonate and oxides (high-purity); CaCO3,
MnO2, NiO and WO3 by high-energy ball-milling (mechanical activation) and solid-state methods (calcinations at
1050°C for 4 h). The fine powder of CMNWO was mixed
with polyvinyl alcohol (binder) and compressed by using a
hydraulic press at a pressure of 4 9 106 kg m-2. Then the
pellet was sintered at 1050°C for 4 h. The quality as well as
formation of material CMNWO was analysed from the
X-ray diffraction study (XRD). For the better structural
study, XRD of this material was analysed in a broad range
of Bragg’s angle 2h (10° B 2h B 80°) at 293 K (room
temperature). The surface morphology (like grain size,
diffusion, voids) of sample CMNWO was observed by
scanning electron microscope (SEM) at 293 K. Both the
parallel side surfaces of the sample pellet were coated with
platinum paint and then the dielectric and electrical properties were measured by using the DC Magneton sputtering
system.
By using LCR (impedance analyzer) and PSM (phasesensitive metre), the electrical properties of the sample were
measured and the values of the impedance study were taken
to calculate the electrical behaviours (like dielectric-constant, loss-tangent, modulus of electricity, AC conductivity)
in frequencies from 1 kHz to 1 MHz and temperature span
from 298 to730 K.

3.
3.1

Results and evaluations
Structural behaviour with surface morphology

The pattern of XRD of the powder material of CMNWO
is shown in figure 1c. In this pattern, we can observe the
sharp peaks and clear peaks of the sample. From that, it can
be analysed that the formed compound is in a single phase.
The unit cell dimensions of the material are calculated by
using the ‘POWD’ computer program [18,19]. The leastsquares refined lattice parameters of the cubic system of the
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Figure 1. (a and b) The three-dimensional structure of CMNWO sample. (c) XRD of CMNWO and (d) EDS layered image of
CMNWO as inset.

material are found to be a = b = c = 3.824 and a = b = c =
90°. The size of crystallite of CMNWO was calculated to be
50.98 nm by using Scherrer relation, Dhkl = Kk/b0.5 cos h,
where K = 0.89, constant, k = 1.5418 Å, b0.5 is the peak
width at half-maximum (FWHM) [20]. Theoretically, the
cell parameters, tolerance factor, bond length, structure are
derived using the SPuDS-V2.19.05.14 TUBERS program
[21]. The cubic cell structure for the CMNWO with lattice
parameters as a = b = c = 3.8321 Å and space group as pm3m (#221) fits well. The theoretically calculated cell
parameter a = 3.8321 is matched with the cell parameter of
a = 3.824 Å obtained by the above POWD program. The

Table 1.

Point coordinates of cations and anions of CMNWO.

Site
Ca cation
Mn, W, Ni cations
O anions

Locations

Coordinates

1b
1a
3d

(1/2, 1/2, 1/2)
(0, 0, 0)
(0, 0, 1/2)

bond length between Ca and O is found to be 2.7097 Å,
whereas the bond length in Mn–O, Ni–O and W–O is found
to be 1.9161 Å. The obtained tolerance factor value is
0.9804.
The Ca?2 ions lie within the oxygen octahedral framework in the body centred position (, , ), whereas Mn,
W, Ni cations lay in corners of the cube at (0, 0, 0) coordinate and in cubic lattice the oxygen atoms are lying in
edge centre at (0, 0, 1/2) coordinate (table 1). The structure
of CMNWO perovskite is represented in figure 1a and b.
This can be commonly seen as a 3-dimensional network of
regular corner-linked MO6 octahedral, where M being the
Mn?4, Ni?2 and W?6 ions and Mn–O–Mn, Ni–O–Ni,
W–O–W angles are 180°.
The microstructure obtained from SEM characteristics of
CMNWO sample is given in figure 1d. To evaluate the
standard grain size these micrographs are used. From the
obtained microstructures, we can observe the different sized
grains with size range 0.2–1.5 lm; these grains are
in-homogeneously distributed throughout the surface and
the bulk of the CMNWO material. Voids of irregular size
and shape are observed throughout the material, from which
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the lower density of the material is analysed. From the
surface morphology and distribution of grains of CMNWO
material, the polycrystalline structure of the sample can be
analysed. Here it is found that each grain has distinguished
grain-boundary. Due to the very small size of the grains and
increased number of grain-boundaries, it is believe to
decrease micro-cracking as well as it prevents crack
propagation.

3.2

Dielectric behaviours

In dielectric materials, at a certain frequency, the loss tangent is the fraction of the real and imaginary impedance of
the capacitor. With a large loss tangent the dielectric
absorption increases. A capacitor having lossy and fine
dielectric materials, the capacitance value (C) changes
gradually with frequency. Hence, the deterioration rate in
capacitance can be calculated from the value of tan d. The
alternating electric field also differs with er in AC medium,
where er is the function of both temperature and frequency.
Capacitance (C) is related to both dielectric constant (er)
and dissipation factor (DF) and can be calculated from
capacitance measurements. Capacitance in-between parallel
plate capacitors are directly proportional to the value of er of
the insulator dividing the conductors. If a dielectric material
is placed in between (gap of) the plates, the capacitance
grows with respect to that material. The er is defined
mathematically as:
er ¼ Cp =C0 ;

C0 ¼ e0 A=d;

where Cp and C0 are the impedances of the material to be
analysed and the vacuum respectively, A is an area and d the
thickness of the sample. The graph of er with frequency for
CMNWO perovskite is represented in figure 2. The value of
er is high at the beginning and diminishes gradually with a
rise in the frequency. er is also affected by different

Figure 2.

The plot of er vs. frequency for CMNWO.
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polarizations. So, the dipoles that arise could not change
dramatically, when an electric field is applied.
Here it is noticed that er value reduces quickly at low
frequency zone and remains constant or decreases very
slowly at high frequency region, pointing dispersion
because of Maxwell–Wagner [22] pattern of interfacial
polarization accompanied by Koop’s macroscopic or phenomenological theory [23], and the larger dielectric constant value at lower frequencies explain space charge
polarization because of the dielectric structure of homogeneities. Here domain wall motion can be affected by
inhomogeneities (like porosity, grain structure). Higher
polarization, greater mobility of molecules is assigned due
to increased dielectric constant. The higher value of relative
permittivity near low-frequency zone indicates the presence
of interfacial polarization, whereas at high-frequency zone
electronic polarization is observed [24].
Figure 3 demonstrates the frequency effect on the tan d
(loss tangent) in the perovskite CMNWO at a distinct
temperature (25–458°C). The feedback of tan d along frequency was observed to be an inhomogeneous manner as in
er for the above perovskite. This type of behaviour of er and
tan d can be described according to the Maxwell–Wagner’s
(2 layer-model) theory [23,25]. With the application of
Maxwell and Wagner’s model, it is observed that the grains
in CMNWO have been conducting behaviour and the grain
boundaries present in between the layers have the poor
conducting capacity. In the lower frequency zone the
electron(s) are more energetic at grain-boundaries
throughout electric conduction, but in the higher frequency
region the electron(s) near the grains are more energetic and
resistance capacity increases at the grain boundaries. So, in
the low-frequency region, more energy is required to the
electrons for the charge transfer, whereas a small amount of
energy is used by electrons for the versatility of charge
carrier(s) in the higher frequency zone.

Figure 3. The graph of variation tan d vs. frequency for
CMNWO.
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The plot of er vs. temperature for CMNWO.

Relaxor ferroelectric materials (perovskites) are identified through a higher frequency dispersion of dielectric
permittivity, where the Tm (highest temperature value) of
the er shifts towards higher temperatures and frequencies.
The properties of the relaxor can be expressed with some
models (theoretical) like order–disorder model, micro–
macro domain transition model and dipole inhomogeneity
manner and also some situations like local–random field,
dipolar glass, and supra electricity [26,27].
The outcome of temperature on er in the perovskite
CMNWO at specified frequencies (10, 100 and 500 kHz,
and 1 MHz) is introduced in figure 4. Here two peaks were
observed at 10 kHz frequency, one after 150°C and another
after 300°C, whereas for 100 kHz, 500 kHz, and 1 MHz
only one peak is observed. The two peaks are looking like
two ferroelectric transitions. However, with the increase in
frequency (100 kHz, 500 kHz and 1 MHz) the peaks
decreased from two to one, this is a common characteristic
of relaxor ferroelectrics.
With increase in temperature, the er value also uniformly
increases, but after 250°C with increase in temperature er
value decreases slowly and forms a peak, which coincides
with the alteration of a ferroelectric phase to a paraelectric
phase, as Ca0.85Er0.1TixCo4x/3O3 (0B x B0.1) and there is no
variation of transition temperature as a consequence of the
frequency, which shows the classical ferroelectric-type
behaviour of CMNWO perovskite [28]. Figure 4 indicates
the ferroelectric relaxor characteristic of a high-frequency
dispersion in the Curie temperature Tc region, a transition in
diffuse phase, a little shift in the direction of high temperatures and permittivity value reduction as a function of
frequency.
Figure 5 explains the effect of temperature on loss tangent (tan d) for the sample CMNWO. The loss tangent value
at 1 kHz is very high and after 40°C, there is a sudden
increase in tan d value. The loss tangent value at 10, 100,
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Figure 5. The plot of variation loss tangent vs. temperature for
CMNWO.

500 kHz and 1 MHz are obtained at 0.014, 0.104, 0.103 and
0.076, respectively, for this sample. The value of loss tangent is less up to 200°C, but the value of loss tangent (at
200°C) is 29.402, 4.6325, 1.3121 and 0.8566 at 10, 100, 500
kHz and 1 MHz, respectively, for this sample.
The tan d value has slightly changed at lower temperatures, but increases highly after 125°C. The rise in loss
tangent in high temperatures is due to some attributes like
(i) the charge carriers scattering due to thermal activation,
(ii) the growth of intrinsic defect in multiferroics perovskites and (iii) the presence of oxygen vacancies during
chemical operations with excess temperature and (iv) the
conductivity increment takes place with the rise in temperatures/frequencies. Hence, it is observed that there is a
decrease in tan d and er with frequency increment as for
mentioning causes. Such variations are seemed rarely in
non-linear dielectrics, whereas in ferroelectric materials
such property is essential.
Figure 6 shows the effect of frequency-dependent real
impedance (Z0 ) at selected temperatures. It is noticed that at
a lesser value of frequency, the value of Z0 is higher and
moderately Z0 value reduces with an increase in frequency
value. With the increase in temperature in particular frequency the value of Z0 also increases. This declining value
of Z0 suggests the growth of AC conductivity property along
with the rise in temperatures and frequencies. The values of
Z0 at all specified temperatures combine at *60–70 kHz. At
maximum frequency regions, the incorporation of Z0 indicates the liberation of space charges and that factor controls
AC conductivity with variations in temperature of the
sample [29]. So, the barrier properties decrease [30].
Whereas, the decrease of Z0 value at lower-level frequencies
with temperature shows negative temperature coefficient of
resistance (NTCR) property of the material as similar in
semiconductors.
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The plot of Z0 vs. frequency for CMNWO.
Figure 8.

Figure. 7.
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The plot of Z00 vs. frequency for CMNWO.

Figure 7 shows the effect of frequency-dependent imaginary impedance (Z’’) at selected temperatures. Here, it is
observed that a peak is formed for each particular curve.
With a rise in temperature, the Z00 peak point is shifted in
the direction of higher frequency and after that quickly Z00
dispersion occurs. The breadth of the peak indicates the
chance of dispersal of relaxation times [31] and temperature-dependent relaxation phenomenon [32]. From the peak,
the relaxation time s (=1/xmax) can be determined.
Figure 8 represents the multiplex impedance spectrum Z0
vs. Z00 (Cole–Cole plots/Nyquist plots) of CMNWO material
at various temperatures. Here the impedance spectrum is
obtained as semicircular arcs. With the increase in temperature, there is a decrease in the diameter of the semicircular arc. In this graph, only one semicircular arc is
noticed, which shows a single-phase subscription to the
electrical property of the material. With the temperature
increment, the slope of the line bends down towards Z0 axis

The Nyquist plots of Z0 vs. Z00 for CMNWO.

and forms semicircular arcs. Due to the formation of a
single semicircular arc at a specific temperature, it indicates
that the electrical behaviours in this sample arise because of
the contribution of bulk effects.
The full, partial/no semicircular shapes rely on the
relaxation strength and experimental frequency values [33].
RC circuit can also be modelled according to the bricklayer
model as electrical processing occurs within the materials.
RC circuit indicates the interface of the sample. We can get
the bulk resistance value (R) of the sample from the semicircular interception on Z0 (axis), and Rb value decreases
with an increase in temperature. It also proposes the NTCRtype properties of the sample. From the depressed semicircular arcs towards the actual axis represents the existence
of the non-Debye type of relaxation properties in the sample
[33]. Impedance measurements of CdTiO3 [33], NdFeO3
[34] are very similar to CMNWO material. The semicircular
property of the Nyquist plot shows the important character
for both the grains and grain boundaries in the particular
resistive/capacitive behaviour of the material [35].
Figure 8 also shows the resistance variation of grainboundary as a function of temperature. From the graph, it is
shown that the resistance of grain-boundary reduces effectively with an increase in temperature. The distinct activation energies in different regions are due to the rise in grainboundary conductivity as a function of temperature.
In table 2, the bulk (grain) resistance as well as capacitance are analysed from the circuit (CQR) for the sample
CMNWO. Here, this can be noticed that the bulk resistance
(Rb) value decreases regularly from 189,200 Ohm at 25°C
to 143.3 Ohm at 400°C, which reveals the semiconductor
behaviour of the sample. The bulk capacitance (C) decreases from 7.49 9 10-11 F cm-2 (at 25°C) to 1.21 9
10-18 F cm-2 (at 450°C). The frequency power remains
constant. The electrical behaviours show that the sample
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Electrical parameters of CMNWO.

Temperature
(°C)
25
50
100
150
200
300
400
450

(2020) 43:258

C (F cm-2)

Q

R (Ohm)

n

7.49E–11
7.48E–11
7.20E–11
6.11E–11
4.66E–11
1.00E–24
2.82E–11
1.21E–18

4.78E–09
5.75E–09
6.31E–09
4.33E–09
2.81E–09
1.42E–09
3.53E–07
0.01013

189200
97990
21620
6562
2302
431.4
143.3
1.90E?09

0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8

CMNWO has semiconducting property. So this material can
be used in the energy storage gadgets.

3.3

Electrical conductivity

The plot of AC conductivity (rAC) with selected frequencies
obtained for the material CMNWO is represented in
figure 9. This can be calculated mathematically by the
equation: rAC = xereotan d, where each term has its actual
senses. The activation energy (Ea) for the sample CMNWO
is determined from the equation: r = roe-Ea/kT, where ro
and K are the pre-exponential factor and the Boltzmann
constant, respectively. By plotting of log(rAC) with 1/T, the
incline (slope) of the straight line (-Ea/2.303kT) can be
determined. This type of plot is observed in the variety of
log(rAC) with (1/T), which can be observed in figure 9. The
value of Ea for this sample is observed to be 0.01158,
0.01314, 0.01455, 0.01282, 0.01068 eV at 1, 10, 100,
500 kHz and 1 MHz, respectively. At low-temperature
zone, the slope (m) is constant (invariant). The intensity of
Ea enhances the conduction mechanism [36]. From the

Figure 9. The plot of variation AC-conductivity vs. 1000/T for
CMNWO.
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graph, it is noticed that the increment of rAC value with a
rise in frequency takes place in the lower temperature
region, whereas in the higher temperature zone, it is frequency invariant. The variable B is a constant (a function of
internal behaviours of material and temperature). With this
material, the AC conductivity properties have a very good
harmony with the semiconducting nature of the sample. The
value of Ea in the lower frequency region is greater than the
high-frequency region. The charge carrier’s transportation
for a long path requires less amount of energy in the lower
frequency domain, which helps for better conductivity. But
the mechanisms like relaxation or orientation occurs by
disbursing large amount of energy [37]. Near the grain
boundary, the adaptability of oxygen vacancy and the
cations are responsible for increasing the activation energy
in high-temperature domains [38].
From figure 10, frequency-dependent rAC of CMNWO
sample for different temperatures is analysed. rAC (AC
conductivity) can be evaluated mathematically from the
data of impedance by utilizing the expression: rAC =
2pfe0e00 tan d, where f, tan d, e0, e00 are frequency, loss
tangent, dielectric constant in space without sample and
dielectric constant of the sample, respectively [39]. Here,
the AC conductivity value does not change at low frequencies and increases quickly with a rise in frequency and
also increases with the increment of temperature for all
frequencies, which causes the higher number of charge
carriers, accumulation of mobility and thermal activation
[39].

3.4

Electrical modulus

The calculation of the electrical modulus of a sample can
play an important role to provide information regarding the
polarization of interface, bulk effects, relaxation time, the

Figure 10. The plot of variation AC-conductivity vs. frequency
for CMNWO.
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effect of suppression of electrode, electric conductivity for
the ceramics and perovskites/polymers. The characterization
of the electrical modulus of CMNWO material is evaluated
along with the frequency at distinct temperatures. The M0 and
M00 are the real and imaginary parts of the electrical modulus,
respectively. M0 and M00 are expressed mathematically as:
(
)
ðxRC Þ2
0
M ¼
;
1 þ ðxRC Þ2
(
00

M ¼A

ðxRCÞ
1 þ ðxRC Þ2

)
; where

A ¼ C0 =C:

Figure 11a represents the variations of M 0 (real electric
modulus) with frequency at specified temperature(s). In the
CMNWO sample, the M0 increases with an increase in
frequency, but a decrease in M0 is observed with increase in
temperature.

(2020) 43:258

In the region of higher temperature, M0 has less value at
the low-frequency region and then increases regularly with
the increase in frequency. From this, it is supposed to be the
non-existence of a considerable polarization of electrode.
The graph indicates that at higher frequencies M0 occupies
affixed value for a particular temperature. So, moderate
increase in M0 at lower temperatures and quick increase in
M0 at higher temperature along with frequency represents
constant dispersion with the increment of frequency and
rises conductivity due to small span flexibility of charge
carriers. This consigns the rejection of the electrode effect
in the sample. This concludes that restoring force is not
present in charge flow because of the steady electric field
effect [40]. Dispersion with the increment of the frequency
helps for the long span mobility of charge carriers at higher
temperatures.
Figure 11b represents the changes of M00 (imaginary
electric modulus) with frequency at specified temperature(s). Here, the peaks (modulus) are shifting towards the
maximum frequency region with an increase in temperature
that indicates the bulk effects at higher frequencies [41]. It
is also observed that the relaxation time decreases due to the
faster movement of charge carriers [42,43], which shows
the temperature-dependency behaviour of relaxation
[44,45].

4.

Conclusions

The new perovskite Ca(Mn1/3Ni1/3W1/3)O3 was synthesized
by cost-efficient, solid-state method. The XRD study shows
a cubic crystal system for the CMNWO and the SEM
micrographs display the uniform micro-size distribution of
grains. CMNWO also shows the relaxation process of
thermal activity because of the hopping nature of the charge
carriers. By comparing the Nyquist plot of CMNWO with
an electrical circuit (CQR), we get important electrical
behaviours (resistance/capacitance) regarding bulk or grain
as well as the resistivity of interfaces of grains (grain
boundary). In this sample, both NCTR and Rb (bulk resistance) decrease considerably with an increase in temperature (25–350°C).
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