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Abstract. In this paper, we have mainly reported the preliminary structural analysis and the frequency–temperature

dependence of the dielectric and electrical properties of ceramic technology-fabricated Sn-modified bismuth titanate with

a chemical composition of Bi4Ti2.9Sn0.1O12 electro-ceramic at room temperature. The compound is synthesized in a

single-phase orthorhombic structure, as shown by the analysis of the X-ray diffraction pattern and data at room tem-

perature. Detailed studies of dielectric and electrical properties in a wide temperature range (25 to 400�C) at different

frequencies ranging from 1 to 1000 kHz have provided many important properties of the prepared sample. The dielectric

constant and tangent loss at temperature 400�C and frequency 1 kHz are found to be 3 9 103 and 1.6, respectively. It was

possible to calculate the contributions of the grains and grain boundaries to the overall resistance and capacitance of the

synthesized material using Nyquist plots. The types of conduction mechanisms have been studied from an ac-conductivity

study of the material. The J–E characteristics of the prepared sample which have slopes closer to 1, support the Ohmic

behaviour. The study of the electric field and frequency dependence of electric polarization through hysteresis loops has

confirmed the ferroelectric behaviour of the studied material at room temperature. Some experimental data obtained here

suggest that the material may be useful as an electronic component in electronic industries.
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1. Introduction

More attention is being placed on the synthesis of improved

lead-free multifunctional materials due to their significant

applications in sensors, transducers, energy harvesting

devices, transformers, magnetic memory and spintronic

devices [1,2]. Out of different multiferroic materials, bis-

muth titanate (Bi4Ti3O12 = BTO) has shown behaviours,

such as ferroelectricity, photoconductivity and piezoelec-

tricity [3,4]. Because of these properties, BTO has been

proven to be an alternative to lead-containing multiferroics.

The ferroelectric compound Bi4Ti2.9Sn0.1O12 has a layered

structure and is a member of the Aurivillius family. It

consists of (Bi2O2)2? slabs alternating with pseudo-per-

ovskite layers (Bi2Ti3O10)2- arranged along the c-axis [5].

It has an orthorhombic structure with a high Curie tem-

perature (Tc = 675�C). BTO has a high dielectric constant,

low dielectric loss and relatively low sintering temperature.

A ferroelectric material for meaningful devices should have

a lower coercive field, higher remnant polarization, low

value of fatigue rate and low leakage current. But, pure

Bi4Ti3O12 suffers from some drawbacks, such as a high

value of leakage current and low remnant polarization. To

overcome these problems, a number of dopants, such as La,

Nd, Sm, Gd, Ru, Ba, Ce, Sn, Zr, etc., have been added.

These additions have improved the phase stability and

decreased oxygen defects of the compound [6]. It is also

known that the volatilization nature of bismuth can produce

oxygen vacancies during the sintering process of BTO.

However, the microwave sintering (MWS) approach can

lower the volatilization of Bi and can reduce the oxygen

vacancy and improve the relaxation behaviour of ferro-

electric materials [7]. Other than suitable substitution or

addition of appropriate elements at different atomic sites of

the materials, the selection of synthesis methods and

experimental conditions are also useful to improve their

properties. There are several methods, such as solid-state

reaction, high energy ball milling, sol–gel, sol–gel auto

combustion, oxalate precursor, co-precipitation method,

etc., which are frequently used to synthesize the materials.

Each one has its advantages and disadvantages. Though

some of the above chemical methods provide accuracy in

stoichiometric ratio, compositional homogeneity and low

crystallization temperature [8], the solid-state reaction or

oxide method is found to be user-friendly and cost-effec-

tive. Because of these, we have employed a solid-state

reaction route to synthesize the following proposed mate-

rial. Knowing the importance of the material and
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unavailability of detailed dielectric, ferroelectric and elec-

trical data of Sn-modified Bi4Ti3O12, we have synthesized it

by the addition of 10% Sn with a general chemical com-

position of Bi4Ti2.9Sn0.1O12. In this communication, struc-

tural, dielectric and electrical properties of Bi4Ti2.9Sn0.1O12

electro-ceramics have been presented briefly.

2. Experimental

Bi4Ti2.9Sn0.1O12 was synthesized by a mixed oxide tech-

nique at a temperature of 850�C by using high-quality

analytical grade (purity [ 99.9%) oxides, such as bismuth

oxide (Bi2O3), titanium dioxide (TiO2) and stannic oxide

(SnO2) procured from the M/S Loba Chemie Co. Pvt. Ltd.

All these ingredients were homogeneously mixed in proper

stoichiometric ratio and ground for 4 h in the open air

before mixing with methanol for another 4 h. Then, using a

cylindrical alumina crucible (M/S ANTS ceramics), the

produced sample was heated at various temperatures before

being heated at 850�C for 5 h. The calcinated sample was

finely powdered and mixed uniformly with one or two drops

of PVA solution for better binding during the preparation of

circular pellets. These pellets had a diameter of about

1.2 cm and a thickness ranging from 0.1 to 0.2 cm and they

are formed using a KBr press (M/S Techno Search Instru-

ments Co.) at a hydraulic pressure of 4 9 106 N m-2. Then

the pellets were sintered at 850�C for 6 h. The calcined

powder of Bi4Ti2.9Sn0.1O12 was utilized for the structural

investigation to get the crystal data using an X-ray

diffractometer (Rigaku, Japan) having Cu Ka radiation (k)

of 1.5405 Å. High-quality silver paint was applied to the

polished surfaces of the sintered pellets to make electrodes

for different measurements. Before taking electrical mea-

surements, the pellets were reheated at a temperature of

120�C for 2 h to remove any moisture. The phase-sensitive

meter (N4L model PSM 1735) was used for recording

various electrical and dielectric measurements. The mea-

surements were recorded within the frequency range of

1 kHz to 1 MHz and temperature range of 25 to 400�C. P–E

loop tracers (Marine India) were used to trace the hysteresis

loops of the sample at room temperature by varying the

applied electric field. The leakage current characteristics of

the materials were examined using a programmable elec-

trometer (Keithley, model 6517B).

3. Results and discussions

3.1 Structural study

The X-ray diffraction (XRD) spectrum of the polycrys-

talline powder sample (Bi4Ti2.9Sn0.1O12) prepared at room

temperature is depicted in figure 1a. The preliminary

structural analysis was performed by analysing the XRD

pattern and data recorded in a wide range of twice the

diffraction angle varying from 20� to 80�. All the major

peaks show the fundamental XRD data/pattern, different

from those of the ingredients used, which confirms that a

new single-phase compound is formed. All the prominent

peaks were indexed by using the JCPDS database of bis-

muth titanium oxide (Bi4Ti3O12) (ICSD card number

01-089-7500). The compound is crystallized in the

orthorhombic crystal system, with standard unit cell

parameters: a = 5.4444 Å, b = 5.4086 Å, c = 32.8425 Å,

a = b = c = 90� with cell volume (V) = 967.10 (Å)3 and

density 8.05 g cm-3.

The comparison of observed data (Yobs) with the cal-

culated data (Ycal) of the XRD spectrum is made by using

the computer software MAUD and is presented in

figure 1b. The X-ray diffraction pattern was refined by

comparing the observed and calculated peaks with the

crystallographic information file from the crystallo-

graphic open database (i.e., COD: 1528445) of the

orthorhombic-structured BTO. The quality (validity) of

refinement is expressed by the difference between the

observed data (black solid symbol) and calculated data

(red solid line) is shown by a blue solid line. The lattice

constants of the synthesized sample from Rietveld

refinement are found to be a = 32.8683 Å, b = 5.4148 Å

and c = 5.4507 Å, which have been used to index all the

peaks of the XRD pattern (figure 1a). It is observed that

the unit cell dimensions obtained in the present analysis

are quite comparable and identical with the reported one

(Rietveld analysis) except for the interchange in the a and

c unit cell dimensions.

The quality (accuracy) of the Rietveld refinement is

normally given by the reliability parameters (R-values), i.e.,

Rw (weighted profile residual factor), Rb (Bragg R factor),

Rexp (expected residual factor) and r (the goodness of fit).

The obtained R-values are given in figure 1b.

A perfect crystal would extend in all directions to infinity,

so no crystals are perfect due to their finite size. As a result

of this divergence from perfect crystallinity, there is a

broadening of the diffraction peaks. The two main proper-

ties extracted from peak width analysis are: (a) crystallite

size and (b) lattice strain. Crystallite size is an indicator of

coherent diffracting domain size. Lattice strain is a measure

of the distribution of lattice constants arising from crystal

imperfections and distortion [9].

The crystallite size of the sample can be calculated by the

Scherrer equation [10] as given below:

P ¼ kk
b cos h

ð1Þ

where k is the dimensionless shape factor constant with a

value of 0.94 for orthorhombic unit cell, k = 1.5406 Å

representing the wavelength of Cu Ka radiation, b the full

width at half maxima (FWHM) and h the Bragg’s diffrac-

tion angle of the considered peak. Using the above formula,

the average crystallite size of the material is calculated to be

37 nm.
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Williamson–Hall (W–H) analysis is a simplified integral

breadth method where both size-induced and strain-induced

broadening are evaluated by considering the peak width as a

function of 2h [11]. The strain induced in powders due to

crystal imperfection and distortion was calculated using the

formula:

e ¼ b
4 tan h

ð2Þ

As the contributions of crystallite or particle size and

strain to line broadening are independent of each other, they

can follow a Cauchy-like relation. Hence, the observed line

breadth is simply the sum of equations (1 and 2). Hence,

b ¼ kk
P cos h

þ 4e tan h

Rearranging the above equation, we get

b cos h ¼ kk
P

þ 4e sin h ð3Þ

Equation (3) is the Williamson–Hall (W–H) equation. The

crystallite size (P) and lattice strain (e) of the material can

be determined from the intercept and the slope, respec-

tively, of the linear fitting line on the bcosh vs. 4sinh graph,

which is known as Williamson–Hall plot and shown in

figure 1c. The mean value of crystallite size and the lattice

strain are observed to be 37.6 nm and 0.0028, respectively.

The crystallite size determined by using the Scherrer

equation and Williamson–Hall plot is very much compa-

rable to each other. Positive lattice strain suggests the

presence of tensile strain in the crystal system [12].

3.2 Dielectric study

All the information about different polarizations, relaxation

processes, causes of dielectric loss, etc., can be obtained

from the dielectric study [13,14]. The dielectric specimen

gets polarized by applying an ac field. Because of polar-

ization, the dielectric parameters of the specimen get

changed. The electrical polarization and temporal phase

shift produced in the driving force cause a decrease in the

current component in the prepared sample. Hence, the

Figure 1. (a) XRD pattern, (b) Rietveld refinement results and (c) Williamson–Hall plot of Bi4Ti2.9Sn0.1O12.
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dielectric loss in the sample is due to this decrease in the

current component.

The variation of the dielectric parameters (relative

dielectric constant and dielectric/tangent loss) of

Bi4Ti2.9Sn0.1O12 with frequency (1 to 1000 kHz) within a

temperature range from 25 to 400�C is shown in figure 2a

and b. The analysis of dielectric parameters provide details

about the different types of polarization, relaxation pro-

cesses, defects, dielectric loss, etc., of the sample. Dielectric

properties show a consistent variation with temperature and

frequency changes. With increasing frequency, it can be

observed that both the tangent loss (tan d) and the dielectric

constant (er) are decreasing. The dielectric dispersion of the

spectrum of the dielectric constant at low frequencies con-

firms the dielectric and ferroelectric behaviour of the syn-

thesized material [15–17]. Polarization, oxygen vacancies,

the grain boundary effect, phase composition, doping con-

centration and interfacial dislocations are all factors that

contribute to the higher value of the dielectric constant at

low frequencies [18,19]. The existence of various

polarization processes, including dipolar, ionic, atomic,

space charge and electronic polarization, mainly accounts

for the high dielectric constant in the low-frequency region.

The small displacement produced due to these polarizations

is the cause of the net polarization of the material [13]. Out

of all these polarizations, electronic polarization and the

ferroelectric region have major contributions to relative

permittivity at high frequencies. Hence, for higher fre-

quencies ([104 Hz), there is a decrease in the value of the

dielectric constant with an increase in frequency. Again, the

tangent loss typically rises for a low-frequency ac signal

due to an increase in resistance of grain boundaries and falls

with frequency. Based on Koop’s phenomenological theory,

the Maxwell and Wagner effect may explain such type of

fluctuations in dielectric properties [20].

The variation of the relative dielectric constant of

Bi4Ti2.9Sn0.1O12 electro-ceramics with temperature is

shown in figure 2c. As observed for a particular frequency,

relative permittivity (er) increases with a rise in temperature

at all studied frequencies. The temperature for which

Figure 2. (a) Variation of relative dielectric constant with the frequency of Bi4Ti2.9Sn0.1O12. (b) Variation of tangent loss (tan d)

with the frequency of Bi4Ti2.9Sn0.1O12. (c, d) Variation of dielectric parameters with the temperature of Bi4Ti2.9Sn0.1O12.
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permittivity or dielectric constant becomes maximum is

known as Curie temperature (Tc) [21]. However, in the

analysed temperature range, we are unable to observe any

dielectric anomalies or phase transitions in the sample, as

the transition temperature of the parent compound is much

above the studied temperature range. A similar trend is

observed in the study of temperature-dependent tangent loss

except for some relaxation wide peaks in the given fre-

quencies 1, 5 and 10 kHz (figure 2b, d (inset)). This

broadening in peak is observed between temperatures from

200 to 300�C and shifted to a higher temperature side on

increasing the frequency. This broadening in peak may be

due to space charge polarization [22]. Again, the increase in

tan d with an increase in temperature is because of defects,

such as oxygen vacancies, thermally induced increase in the

motion of charge carriers and the presence of an impurity

phase in the synthesized sample [23].

3.3 Impedance study

The complex impedance spectroscopy (CIS) technique is

used to study the impedance of multiferroic samples [24].

The CIS technique may be used to investigate the impact of

grains and grain boundaries on dielectrics. Figure 3a and b

depict the fluctuation of impedance characteristics, namely,

the real component (Z0) and imaginary component (Z00), as a

function of the frequency of the prepared sample Bi4Ti2.9-

Sn0.1O12. In the figures, it is shown that as temperature

increases, Z0 decreases in the low-frequency region (1 to

100 kHz). At frequencies higher than 100 kHz, Z0 merges

with itself. This kind of impedance spectrum is caused by

the discharge of space charges. The sample’s negative

temperature coefficient of resistance (NTCR) behaviour is

again confirmed by the decrease in the Z0 value that occurs

when temperature increases in the low-frequency band [25].

The variation of Z00 with frequency (1 to 1000 kHz) at

selected temperatures (25 to 400�C) is depicted in figure 3b.

The plot also shows that with an increase in frequency, Z00

goes on decreasing and the spectrum tends to combine at

higher frequencies.

The Nyquist plot shows the variation of real component

(Z0) with imaginary component (Z00) of complex impedance

at different temperatures in the range of 25 to 400�C (fig-

ure 3c). The semicircular arcs (one or more than one)

determine the resistive behaviour of the sample. An ideal

semicircular arc with its origin on the real Z-axis is required

for a Debye-type relaxation. But, the non-Debye type of

relaxation phenomena in the prepared samples is confirmed

by the degree of depressions in the semicircular arcs. Two

semicircles can be used in Nyquist plots to represent the

grains and grain boundaries of the sample. The sample is

extremely insulating, as seen by the nearly straight lines

with a large slope at low temperatures. The curves bend

toward the actual Z0-axis as the temperature increases,

forming deformed semicircular arcs. The radius of the

deformed semicircular arc decreases as the temperature

rises, demonstrating that resistance decreases as tempera-

ture increases. It is observed that the respective capacitance

values of grain boundaries and grains are the same [26]. The

study of Nyquist plots using ZSimpWin software [27]

reveals that all the curves from 25 to 200�C are fitted by a

single semicircular arc with parallel RQC circuits indicating

the grain effect. The curves from 250 to 400�C are repre-

sented by overlapping semicircular arcs fitted with a parallel

RQC along with a parallel RC circuit representing the

grains and grain boundaries. The resistance, capacitance

and constant phase of the grains and their boundaries are

listed in table 1. The depressed semicircular arc of the

sample at 200�C is shown in figure 3d, with the depression

angle (hg) equal to 8.12�.

3.4 Electrical conductivity study

The frequency dependence ac-conductivity for the sample

Bi4Ti2.9Sn0.1O12 with frequency (1–1000 kHz) at constant

temperatures (25 to 400�C) is plotted in figure 4a. The

expression for ac-conductivity is given by

rac xð Þ ¼ ra þ Pxg ð4Þ

This formula is known as the Jonscher’s power law [28].

Here, ra is the frequency-independent dc-conductivity

component, P the temperature-dependent polarizability

component and g the exponent of a power-law. The value of

the exponent g which ranges from 0 to 1, represents the

interaction of mobile ions with the crystal lattice. The

conductivity vs. frequency spectrum depicts that the ac-

conductivity increases as the frequency increases. The

negative temperature coefficient of resistance (NTCR)

behaviour of the synthesized sample may be validated

because ac-conductivity increases with an increase in fre-

quency and temperature.

The variation in ac-conductivity of Bi4Ti2.9Sn0.1O12 with

the inverse of absolute temperature at various frequencies

can be studied in figure 4b. The plots confirm the increase in

log rac with the rise in absolute temperature. The ac-

conductivity may be calculated by using the formula:

rac ¼ r0 exp � Ea

kT

� �
ð5Þ

where k and r0 are the Boltzmann constant and the pre-

exponential factor, respectively. The activation energy Ea

can be determined by using linear fittings. Multiple con-

ductions with varying activation energies occur in the

synthesized sample, as represented by the existence of

different slopes at various temperature ranges.

In higher temperature regions, the value of rac increases

sharply on increasing the temperature. This suggests that the

plots are Arrhenius type. In lower temperature regions, it is

found that for a given frequency, the value of rac increases

with an increase in temperature. The cause of an increase in

Bull. Mater. Sci.            (2024) 47:3 Page 5 of 10     3 



rac is due to the increase in mobility of charge carriers with

an increase in temperature, which in turn increases the

conductivity of the sample [29]. This results in the hopping

of charge carriers, which confirms the semiconductor

behaviour of Bi4Ti2.9Sn0.1O12, which has a negative tem-

perature coefficient of resistance (NTCR). Using linear fit-

ting, it is also estimated that the values of activation energy

in Bi4Ti2.9Sn0.1O12 are higher at lower frequencies. At

frequencies of 1 kHz and 1 MHz, the activation energies

are determined to be 0.99777 and 0.48663 eV, respectively.

The higher value of Ea of the material at lower frequencies

may be due to a strong long-range mobility of charge car-

riers [30].

3.5 Modulus analysis

The variations in the real part of the electrical modulus (M0)
with frequency at constant temperatures for Bi4Ti2.9Sn0.1O12

are depicted in figure 5a. For lower frequency regions and

temperatures, M0 have smaller values which indicate the

major contribution of electrode polarization. Again, at

lower frequencies, the collection of space charges takes

place near the interface. The lack of the restoring force for

the mobility of charge carriers caused by the induced

electric field is once again confirmed by the continuous

increase in M0 with frequency for constant temperatures

[31]. Additionally, the fact that M0 increases as frequency

Figure 3. (a) Variation of Z0 with the frequency of Bi4Ti2.9Sn0.1O12. (b) Variation of Z00 with the frequency of Bi4Ti2.9Sn0.1O12.

(c) Nyquist plot of Bi4Ti2.9Sn0.1O12. (d) Depressed semicircle at 200�C of Bi4Ti2.9Sn0.1O12.
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increases supports the relaxation phenomenon driven by the

short-range mobility of the charge carriers. This might be

noticed for a wide range of frequencies.

The dependence of the imaginary component of the

electrical modulus (M00) with frequency is depicted in

figure 5b. The peaks in the curves are caused by the

switching of the charge carriers from short-range to long-

range mobility as the frequency changes. Again, charge

carriers migrate to higher frequency areas inside the

potential well [32].

Table 1. Resistance and capacitance of grains (Rg and Cg) and grain boundaries (Rgb and Cgb) of Bi4Ti2.9Sn0.1O12.

Temp. (�C) Model Rb (X) CPE Cb (F) Rgb (X) Cgb (F)

25 (RQC) 1.481 9 108 1.769 9 10-10 1.775 9 10-10

50 (RQC) 2.063 9 108 2.337 9 10-10 1.364 9 10-10

100 (RQC) 1.681 9 107 1.573 9 10-10 1.324 9 10-10

150 (RQC) 1.681 9 107 1.573 9 10-10 1.324 9 10-10

200 (RQC) 1.666 9 1013 1.604 9 10-8 1.570 9 10-10

250 (RQC)(RC) 6.472 9 1012 2.542 9 10-5 2.170 9 10-10 2.827 9 106 6.052 9 10-10

300 (RQC)(RC) 8.322 9 1014 1.201 9 10-5 1.975 9 10-10 4.426 9 105 1.074 9 10-9

350 (RQC)(RC) 8.322 9 1014 1.201 9 10-5 1.975 9 10-10 4.426 9 105 1.074 9 10-9

400 (RQC)(RC) 3.627 9 104 5.153 9 10-8 1.866 9 10-10 7.677 9 102 1.326 9 10-9

Figure 4. (a) Variation in ac-conductivity with frequency of Bi4Ti2.9Sn0.1O12. (b) Variation in ac-conductivity with inverse absolute

temperature of Bi4Ti2.9Sn0.1O12.

Figure 5. (a) Variation of M0 with the frequency of Bi4Ti2.9Sn0.1O12. (b) Variation of M00 with the frequency of Bi4Ti2.9Sn0.1O12.
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3.6 J–E characteristics

To analyse the conduction mechanism of the samples, J–E

characteristics are necessary. Figure 6 shows the variation

of log J with log E within the temperature range 50 to

250�C. According to the plot of log J vs. log E, the current

density changes linearly with the applied electric field in

both lower and higher voltage regions. The slopes for

temperatures 50, 100, 150, 200 and 250�C in lower electric

field regions are found to be 0.61060, 0.61340, 0.71866,

0.79621 and 0.84427, respectively. For higher electric

fields, the slopes are 1.0887, 1.0414, 1.0168, 1.1278 and

1.0965, respectively. Using linear fit, slopes are found to be

closer to 1 and the Ohmic conduction for lower voltage

region is confirmed due to the electrons, which are stimu-

lated thermally.

Figure 6. Variation of log J vs. log E for Bi4Ti2.9Sn0.1O12.

Figure 7. (a) Field dependence of P–E hysteresis loops for Bi4Ti2.9Sn0.1O12. (b) Variation of P–E hysteresis loops for

Bi4Ti2.9Sn0.1O12 at different frequencies.
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The electric current density J of the sample is given by

the equation:

J ¼ nel
v

d
¼ r

v

d
¼ rE ð6Þ

where n denotes the density of free charge carriers, e the

charge of an electron, l the mobility of free carriers in the

transport band, V the applied voltage, d the sample thick-

ness, r the electrical conductivity and E the applied electric

field [33].

3.7 Ferroelectricity

The electric field-dependent polarization (P–E) hysteresis

loops of the synthesized sample Bi4Ti2.9Sn0.1O12 at room

temperature (frequency = 50 Hz) are shown in figure 7a.

The measurements are taken by varying the applied electric

field from 1 to 5 kV cm-1 across the sample. The coercive

field, residual polarization, and size of the loop are char-

acteristics of ferroelectricity [34]. The nature of the hys-

teresis loops confirms the ferroelectric behaviour of the

prepared material at room temperature. Because of the

small leakage current, the hysteresis loops are not smooth.

Again, it is found that the remnant polarization, coercive

field and the area of the loops increase with an increase in

the applied electric field. The value of remnant polarization

(2Pr) and coercive field (2Ec) at 5 kV cm-1 are observed to

be 0.032 lC cm-1 and 2.4 kV cm-1, respectively, whereas

at 9 kV cm-1 these values are increased to 0.083 lC cm-1

and 5.19 kV cm-1, respectively.

Figure 7b shows hysteresis loops for Bi4Ti2.9Sn0.1O12

electro-ceramics measured at various frequencies for con-

stant applied fields (E) of 5 and 6 kV cm-1. The remnant

polarization (2Pr) and the coercive field (2Ec) of

Bi4Ti2.9Sn0.1O12 ceramics decreases as the frequency

increases. It is due to the oxygen vacancy in the sample,

which causes space charge polarization, turning direction

polarization, and electron and ion displacement polarization

[35]. As the frequency rises from 50 to 150 Hz, the space

charge polarization is unable to keep up with the shift in the

electric field, which causes the remnant polarization and

coercive field to fall.

4. Conclusions

The electro-ceramics Bi4Ti2.9Sn0.1O12 was synthesized by

the mixed oxide reaction process at 850�C. Both XRD

spectral analysis and Rietveld refinement confirm that the

sample is formed in an orthorhombic crystal system. The

study of variations of dielectric constant (er) as well as

tangent loss (tan d) with frequency is explained by the

Maxwell and Wagner effect and confirms the dielectric

properties of the synthesized sample. The NTCR behaviour

of the sample is confirmed by the impedance analysis, and

the relaxation phenomena, which is not of the Debye-type,

is confirmed by the Nyquist plot. The P–E hysteresis loops

prove the existence of ferroelectric behaviour at room

temperature, and the remnant polarization falls with a rise in

frequency. The Ohmic conduction mechanism was con-

firmed by J–E characteristics as the slopes are closer to 1.

Because of the higher dielectric constant, lower tangent

loss, and smaller leakage current, this material is very useful

for various multifunctional electronic devices.
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