
Arabian Journal for Science and Engineering
https://doi.org/10.1007/s13369-018-3543-1

RESEARCH ART ICLE - PHYS ICS

Study of Structural, Magnetic and Optical Properties of
BiFeO3−PbTiO3 Multiferroic Composites

Mohammad Shariq1 · Davinder Kaur2 · Vishal Singh Chandel3 · Praveen K. Jain4 · Sasi Florence1 ·
Mukul Sharma5 · Shahir Hussain6

Received: 14 May 2018 / Accepted: 29 August 2018
© King Fahd University of Petroleum &Minerals 2018

Abstract
The crystalline samples of lead titanate altered bismuth ferrite (BiFeO3)1−x (PbTiO3)x [x = 0, 0.1, 0.2, 0.3, 0.4 and 0.5]
have been synthesized by high-temperature solid-state reaction technique. The formation of the materials was affirmed
through fundamental investigation utilizing X-ray diffraction which uncovers the presence of morphotropic phase boundary
(MPB) in composite. XRD examination displays structural change from rhombohedral (x = 0.0) to tetragonal (x = 0.4).
Estimated grain size along (104) peak was observed to be diminished with the increase in content of PbTiO3 due to mixing
of tetragonal phases. SEM and EDAX of sample were carried out for analysis of surface morphology and verification of
chemical homogeneity, respectively. Study ofM-H graph reveals antiferromagnetic nature of BiFeO3.Magnetic measurement
of (BiFeO3)1−x (PbTiO3)x ceramics shows weak-induced ferromagnetism by substituent effects at temperature of 5 K. Low-
temperature magnetic measurement under ZFC reveals an anomaly in tetragonal phase of MPB for composition x = 0.2 and
0.3. With respect to BiFeO3, BiFeO3−PbTiO3 ceramics displays advancement in the electric polarization. Direct and indirect
band gaps are modified with variation of PbTiO3 in BiFeO3−PbTiO3 composites.

Keywords (BiFeO3)1−x (PbTiO3)x ceramics · Antiferromagnetic · Multiferroic · SQUID

1 Introduction

Multiferroics materials that couple order parameter such as
electric, magnetic and structural appearing the concurrence
of ferroelectric, ferromagnetic and ferroelastic behaviors
have attracted recently in the fabrication of multifunctional
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devices [1]. The great interest in this class of solids is due to
their innovative potential applications. Controlling magneti-
zation utilizing external electric field or vice versa brought
the way of new multifunctional devices, such as novel data
memory, spintronics devices and new kinds of sensors [2,3].

BiFeO3 (BFO) received great attention among the known
multiferroic materials, as prime candidate for room-
temperature application due to high temperature of ferroelec-
tric and antiferromagnetic ordering [4]. BiFeO3 has many
interesting characteristics including high ferroelectric Curie
(1043 K), high magnetic Neel temperatures (647 K), large
characteristics polarization 100μs/cm2 along [111] direc-
tion and high magnetoelectric coupling coefficient [5,6].
Morphotropic phase boundary (MPB) of high piezoelec-
tric coefficient makes BFO valuable for several devices [7].
Because of high unconstrained polarization (Ps), observed in
the BFO thin films [8,9], it is appropriate for high memory
gadgets. But inverse to this, bulk BFO has low polarizations
[10].

In spite of the different points of interest, unfortunately,
the BFO material has some intuitive issues, for example
development of secondary phases, absence of structural dis-
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tortion, spiral spin modulation, weak magnetoelectric effect
and presence of leakage current. The thermodynamically sta-
ble impurity phases such as Bi2Fe2O9 and Bi25FeO40 are
formed along with BiFeO3 phase [11,12]. As a result of
high electrical conductivity of the material, the material is
not exceptionally appropriate for some applications. There
is absence of homogeneous antiferromagnetic spin order of
BiFeO3 instead; disproportionately,modulated spin structure
is available, which appears as incommensurate cycloid with
long wavelength λ of ∼ 600Å [13]. Appearance of cycloid
spins arrangement destroys the macroscopic magnetization
emerging from Dzyaloshinskii–Moriya (D-M) interaction
and restrains the direct magnetoelectric impact [14]. The spi-
ral spin in BiFeO3 is independent on the applied magnetic
field and temperature, but substituent effect can break trans-
lational symmetry of the spiral spin modulation in BFO or
other perovskites [15,16]. Impurity-free BiFeO3 has large
polarization and high resistivity, but it is not easy to keep
Bi2O3 and Fe2O3 in stoichiometry during high-temperature
synthesis of BFO due to volatile nature of Bi2O3, giving
impurity of Bi2Fe4O9. The formation of Bi2Fe4O9 can be
avoided by adding some extra amount of Bi2O3, but simulta-
neously it introduces creation of another Bi-rich Bi25FeO40

secondary phase. These problems can be removed by fast
thermal process with a high warming rate around 50 ◦C/s to
limit the vanishing of Bi2O3 during the synthesis process of
the BiFeO3, [4,17] and quenching process was introduced
to solidify the metastable BiFeO3 [10]. In order to improve
multiferroic properties of BFO, substitution of different rare
earths or other reasonable ions, for example Nd3+, La3+,
Ba2+ and Sm3+ at the Bi site, whereas Ti4+, Mn4+, Co3+
and Nb5+ are delegated at the Fe site [18–21]. The synthe-
sis of composite with different materials and the substitution
of other impurity atoms are assumed to curb the firmness of
the perovskite structure and the vaporous behavior of Bi ions
and to reduce the formation of oxygen vacancies for charge
compensation. In recent years, numerous literary works have
mentioned that proper BiFeO3 phases are stabilized by the
formation of composite with PbTiO3 or BaTiO3 and different
properties have been greatly improved [4,22–24]. Recently,
N. panda and his co-worker reported enhanced dielectric
constant of BiFeO3−PbTiO3 and strong correlation between
the microstructural and impedance parameters [5]. Pradhan
et al. [23] studied La-modified (BiFeO3)1−x (PbTiO3)x sys-
tem and observed multiferroic properties which are evident
frommeasurement of ferroelectric loops andmagnetoelectric
coefficient. In our previous recent work, we studied struc-
tural, magnetic and optical properties of binary multiferroic
(BiFeO3)1−x (BaTiO3)x and observed great improvement
in multiferroic properties of composite [4]. Introduction
of lead titanate (PbTiO3) in the present work settles the
perovskite phase of composite as well as creates a MPB
with BiFeO3 because of the distinction in crystal symme-

try between PbTiO3 and BiFeO3. So, the BF–PT composite
can be viewed as an option among piezoelectric and ferro-
electric materials that can be utilized as a part of innovative
applications [25]. The present study focused on the syn-
thesis of (BiFeO3)1−x (PbTiO3)x [BF–PT] composite and
investigation of structural, magnetic and optical properties
of BF–PT. It would be of considerable difference to investi-
gate direct and indirect energy band of various compositions
of (BiFeO3)1−x (PbTiO3)x composite as it is not found in
previous studies.

2 Experimental Work

Taking BiFeO3 and PbTiO3 separately in stoichiometric
extents, crystalline BiFeO3−PbTiO3 solid solution was pre-
pared by solid-state reaction process. First of all, PbTiO3

was synthesized by using high-purity oxides of PbO and
TiO2 as reactants followed by calcinations at 800 ◦C for 2
h. Calcinated powder was sintered in furnace at temperature
of 900 ◦C to get the phase formation of PbTiO3. In similar
way, BiFeO3 ceramics was set up from Bi2O3 and Fe2O3 as
reactants by solid-state reaction method followed by calci-
nation at the 600 ◦C for 2 h and sintering at temperature of
870 ◦C for 300 seconds. To stay away from secondary phase
of Bi2Fe4O9 and Bi2O3 during synthesis process, 10% sur-
plus amount of Bi2O3 was supplemented to the beginning
reactants.

Various compositions of (BiFeO3)1−x (PbTiO3)x compos-
ite were synthesized by taking content of PbTiO3 from 10%
to 50%. BiFeO3 and PbTiO3 were taken separately in sto-
ichiometric sums and crushed in agate mortar through dry
mode for 4 h and then followed by wet granulating for 2 h
utilizing methanol. Samples were calcinated at temperature
of 800 ◦C for 2 h. All samples of composite were mixed
with a couple of drops of 5 % concentrated fluid polyvinyl
alcohol (PVA) binder and again grinded in the agate mortar
for 2 h. Blended powders with various compositions were
squeezed into circular disks with a pressure of 1.5×108 Pas-
cal. These disk-shaped pellets of various compositions were
warmed at 260 ◦C for 1 h to evaporate PVA binder. The pel-
let samples kept with open alumina crucible were sintered
at 950 ◦C for 2 h. The samples are assigned name accord-
ing to their compositions; for example, 90BF-10PT refers to
(BiFeO3)0.9(PbTiO3)0.1 and so on.

The phase formation and structural information of sample
materials were examined by an XRD data utilizing Bruker
AXS D-8 advanced diffractometer. The XRD pattern of
samples was recorded at normal temperature with Cu Kα

radiation (1.54 Å) and step size of 0.02o. Scanning electron
microscopy was utilized for study of surface morphology
of composite. Atomic and weight percentages of individual
elements Bi, Fe, O, Pb and Ti in the sample material were
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Fig. 1 XRD patterns of (BiFeO3)1−x (PbTiO3)x solid solution along
with BiFeO3 and PbTiO3

confirmed by energy-dispersive X-ray analysis (EDAX). The
sintered pellets of different samples were electroded using
high conducting silver paste for the measuring electrical
parameters. Polarization versus electric field (P-E) hysteresis
loops of (BiFeO3)1−x (PbTiO3)x were measured by utilizing
precision premier II (Radiant technology) ferroelectric tester.
Magnetic properties were investigated by super conduct-
ing quantum interference device (SQUID, Quantum Design
MPMS XL) magnetometer. A UV–Vis–NIR spectrometer
(Varian Cary 5000 model) was utilized in measurement and
calculation of different optical constants of BF–PT compos-
ites.

3 Results and Discussion

Figure 1 shows XRD patterns of the sintered pellets of
BF–PT ceramics. X-ray diffraction peaks of all samples
were recorded utilizing standard PC software PCPDFWIN
[26]. The solid solution BF–PT was crystallized in the per-
ovskite phase, without formingBi-rich secondary phases like
Bi2Fe4O9, Bi25FeO40, whereas BiFeO3 ceramics was solidi-
fied in the perovskite phase with a little amount of Bi2Fe4O9

phase. With the content of PbTiO3, rhombohedral phase is
changed intomixture ofmorphotropic phases, and afterward,
tetragonal phase is confirmed. Figure 2 demonstrates the
presence of rhombohedral and tetragonal in morphotropic
phase boundary region. It has extraordinary significance in
light of the fact that MPB should be the key behind the exten-
sive piezoelectric coefficients of PZT [27,28], so MPB of
BF–PT may drag substantial piezoelectric constants.

Room-temperature lattice constants of BF–PT system
with different compositions were calculated by formulae

1

d2hkl
=

(
h2 + k2 + l2

)
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Fig. 2 XRD profiles of (BiFeO3)1−x (PbTiO3)x solid solution with
the MPB along with peak (104), (110) of BiFeO3 and (110), (111)
of PbTiO3

(Rhombohedral phase) (1)
1

d2hkl
= h2 + k2

a2
+ l2

c2
(Tetragonal phase) (2)

and are shown in Table 1 where dhkl is interplanar distance,
h, k, l are Miller indices of the Bragg plane and α is internal
angle. These calculated lattice parameters are near to those
effectively revealed for polycrystalline BiFeO3−PbTiO3

[34].
Amended form of Scherrer formula can be used for calcu-

lation of crystallite size (Dhkl) of the recognized crystalline
phase

Dhkl = kλ

β cos θ
(3)

Dhkl is average crystalline size, K is a dimension free shape
factor which has value close to unity (0.9), λ is wave length
of X-ray belonging to Cu Kα 1, β is the line broadening
(FWHM) excluding line broadening due to instrument, and
θ is the Bragg angle. The grain size was assessed along
(104) peak and observed to be diminished with increment
in content of PbTiO3 due to mingling of tetragonal phases.
In the rhombohedral phase, lattice constant ‘a’ increased,
while in the case of tetragonal phase lattice parameters ‘a’
increased and ‘c’ decreased. So, it could be presumed that lat-
tice constants of the (BiFeO3)1−x (PbTiO3)x systemwere not
increased monotonically with increasing ‘x,’ but it showed
fluctuation. The radius of Bi+3 is smaller than that of Pb+2,
while the radius of Fe+3 is larger than that of Ti+4. In this
way, substitution of Pb on Bi site will come about an increase
in lattice parameter, while it is the opposite for the Ti sub-
stitution at location of Fe. So, introduction of PbTiO3 is
responsible for the variance of lattice parameter. The lat-
tice parameters of rhombohedral and tetragonal phases were
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Table 1 Various parameters of
(BiFeO3)1−x (PbTiO3)x with
different compositions

Composition Phase 2θ FWHM Dhkl Lattice c/a ratio Volume
x structure (◦) (◦) Par. size parameter of unit

(nm) (Å) cell (Å3)

0 Rhombohedral 31.56 0.141 66.5 ar = 5.623 1 123.941

α = 59.38

0.1 Rhombohedral 31.61 0.192 49.1 ar = 5.636 1 125.005

α = 59.45

0.2 Rhombohedral
and tetragonal

31.55 0.231 40.6 MPB –

0.3 Rhombohedral
and tetragonal

31.95 0.252 37.4 MPB –

0.4 Tetragonal 31.53 0.293 32.1 at = 3.851 1.150 65.712

ct = 4.431

0.5 Tetragonal 31.58 0.431 20.2 at = 3.860 1.127 64.857

ct = 4.353

1.0 Tetragonal 31.50 0.151 63.1 at = 3.898 1.105 65.480

ct = 4.310

calculated based on R3m & P4mm symmetry, respectively.
Volume of unit cells for rhombohedral and tetragonal phase
of (BiFeO3)1−x (PbTiO3)x at various values of ‘x’ is given
in Table 1. Increasing Pb content prompts slight increment in
volume of rhombohedral unit cell. This change is primarily
because of the bigger ionic radii of Pb (1.37 A◦) in compari-
sonwith ionic radii of Bi (1.19A◦). The volume of tetragonal
unit cell decreases slightly with x then increased for x = 1.

Figure 3 demonstrates SEM micrograph of (BiFeO3)0.9
(PbTiO3)0.1 sintered at 950 ◦C, which showed almost uni-
form grain size and dissemination. It uncovered the average
grain size of ceramics 90BF-10PT approximately 1–2 μm.
Overall particle estimate appeared by FE-SEM was much
bigger in comparison with particle size estimated from the
XRD outcome (Table 1). This was because of fact that XRD
calculation provides the normal mean crystallite estimate,
while FE-SEM indicates agglomeration of the particles. The
XRD and FE-SEM data can be obliged by the way that
smaller primary particles have a broad surface free energy, so
these smaller particle would tend to agglomerate quickly and
grow into bigger grains. EDAX in Fig. 4 shows the atomic
and weight percentage of individual components present in
90BF-10PT sample. The atomic and weight percentages of
elements obtained by EDAX in the ceramics sample 90BF-
10PT are much near to their genuine esteems.

In Fig. 5, linear change ofmagnetization of BiFeO3 versus
magnetic field at room temperature confirms antiferromag-
netic nature of BFO as reported in other studies [4,12]. Net
magnetic moment from canted antiferromagnetic spins is
spacially resulted to zero because of cycloidal rotation of
resultant spins, explaining antiferromagnetic nature of BFO
[29]. Figure 6 shows the variation of magnetization (M) with
magnetic field of ceramics (BiFeO3)1−x (PbTiO3)x at 5 K.

Fig. 3 SEM image of (BiFeO3)0.9(PbTiO3)0.1 solid solution sintered
at 950 ◦C

Fig. 4 EDAX spectrum of ceramics sample (BiFeO3)0.9(PbTiO3)0.1
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Fig. 5 Magnetization (M) versus appliedmagnetic field (H) for BiFeO3
at temperature of 300 K

-60000 -40000 -20000 0 20000 40000 60000
-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

M
ag

ne
tiz

at
io

n 
(e

m
u)

Magnetic field (gauss)

 90BF-10PT
 80BF-20PT
 70BF-30PT
 60BF-40PT
 50BF-50PT

c
b

a
d

e

Fig. 6 Magnetization (M) as function of magnetic field (H) for
(BiFeO3)1−x (PbTiO3)x at 5 Kwith different compositions (a) x = 0.1,
(b) x = 0.2, (c) x = 0.3, (d) x = 0.4 and (e) x = 0.5

Weak ferromagnetism was observed in BF–PT system by
the substitution effect of PbTiO3. Ferromagnetism in BF-BT
may rely on structural distortion to destroy the inhomoge-
neous spin structure with regard to spin cycloid of BFO
correlative to its R3c structure [30]. Then again, the dis-
tributions of Ti4+ and Fe3+ ions in the octahedral positions
additionally influence the magnetization in composite. So,
there is equivalent possibility that both the structural distor-
tion and the Fe3+ ion distribution can play significant role
in the commencement of ferromagnetism and in magnetic
properties of BF–PT system [31]. Table 2 shows the rem-
nant magnetization and coercivity of ceramics BF–PT with
relatively strong magnetization 31.41 × 10−3 emu/gm and
incredible decrease in coercive magnetic field 510.22 Gauss
for composition of 70BF-30PT. High relative estimation of
magnetization at x = 0.3might be ascribed to the occupancy
of Ti4+ in the B position, which prompts to the abolition

of canting spin structure and gives extensive magnetization.
Reduction in remnant magnetization for x ≥ 0.4 might be
ascribed to noteworthy substitution of Ti3+ in B site that
reduces total μB in unit volume. So, Ti3+ substitution in B
site weakens the improved magnetization from abolition of
canting of spin structure and so reduces the magnetization.

In Fig. 7, low-temperature (5–300 K) magnetization
of (BiFeO3)1−x (PbTiO3)x ceramics samples was mea-
sured in the external field of 1kOe under zero-field cool-
ing (ZFC) condition. Steep rise in magnetization was
observed at lower value of temperature for all composi-
tions. This is standard behavior for ferromagnetic materials
and can be assumed as a result of the decrement in ther-
mal energy [32]. Maximum magnetization was observed in
(BiFeO3)0.7(PbTiO3)0.3 sample at all temperature, in con-
currence with optimummagnetization acquired for this com-
position inM-Hplot (Fig. 6).Changeofmagnetization versus
temperature for different values of ‘x’ may depend on various
factors, for example (i) structural distortion because of Pb, Ti
replacement, (ii) reduced particle size, (iii) change in the oxy-
gen stoichiometry and (iv) variation of magnetic anisotropy.
Paramagnetic–antiferromagnetic phase transition of rhom-
bohedral BiFeO3 (TN−r = 600K) is reported in Refs. [33].
Zhu et al. [34] reported that different phases in MPB com-
position undergo an antiferromagnetic ordering at particular
temperature, showing to an anomaly in graph of magneti-
zation versus temperature (M-T). The ZFC magnetization
measurement of 0.67BiFeO3−0.33PbTiO3 crystal from 2 to
600K is reported in another research article of Zhu et el. [35].
Due to unavailability of oven attachment in SQUID, we per-
formed only low-temperature (5–300 K) magnetic moment
measurement under ZFC (Fig. 7). We observed an anomaly
in tetragonal phase of MPB for composition x = 0.2 and
0.3 as visible seen in inset of Fig. 7. Antiferromagnetic tran-
sition temperature (TN−t) corresponding to tetragonal phase
for x = 0.2 and 0.3 was measured as 252 K and 243 K,
respectively. So we concluded that in the MPB from x = 0.2
to 0.3, antiferromagnetic transition temperature (TN−t) cor-
responding to tetragonal phase decreased with the increase
in ‘x’. Our outcome estimation of TN−t for x = 0.2 and 0.3
is different, as TN−t reported by Zhu et el. [34] 260 K, 251 K
corresponding to x = 0.2 and x = 0.28.

Figure 8 demonstrates the ferroelectric hysteresis loops
(P-E) of (BiFeO3)1−x (PbTiO3)x at 1Hz frequencywith elec-
tric field of 40 kV/cm. Weak polarization 0.07μC/cm2 was
seen for BiFeO3 under an electric field of 40 kV/cm. It rec-
ommends exceedingly conductive nature of BFO at room
temperature and only fractional inversion of the polariza-
tion occurs, which is credited to the changeable oxidation
states of Fe ions (from Fe+2 to Fe+3). It also reported
by Das and his co-workers that high leakage characteris-
tics of BFO ceramics could produce difficulty in attaining
saturatedpolarization [36].Because ofmoderately huge leak-
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Table 2 Optical band gap, remnant magnetization and coercivity of BFO and BF–PT composites

Composition (x) Direct band gap (eV) Indirect band gap (eV) Remnant magnetization (emu/gm) 10−3 Coercivity (Gauss)

0.00 2.49 1.71 24.05 1968.19

0.10 2.58 1.89 18.23 1147.40

0.20 2.62 1.97 31.41 510.22

0.30 2.78 2.03 13.82 614.09

0.40 2.84 2.10 07.23 645.76
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age current, just low field hysteresis loops were acquired
for (BiFeO3)1−x (PbTiO3)x ceramics. Content of PbTiO3 in
BF–PT system upgraded the sintering ability and decreased
oxygen vacancies. Consequently, remnant polarization was
increased, but the hysteresis loop could not be saturated up
to x = 0.2. P-E hysteresis loops of (BiFeO3)1−x (PbTiO3)x
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Fig. 9 Absorbance spectra of (BiFeO3)1−x (PbTiO3)x composites.
Inset shows transmittance%of (BiFeO3)1−x (PbTiO3)x composite with
composition x

ceramics at 30%mol and 40%mol of PbTiO3 were achieved
toward the saturation due to stabilization of the perovskite
structure and decline in Fe+2 ions and oxygen vacancies,
trailed by volatilization of Bi or Pb [37].

Absorption spectra of (BiFeO3)1−x (PbTiO3)x ceramics
were recorded as a function of wavelength of range 300–
1100 nm (Fig. 9). Inset of Fig. 9 demonstrates the optical
transmission spectra of (BiFeO3)1−x (PbTiO3)x composites.
At the wavelength of 500–540 nm, the transmission of
BFO and its composite (BiFeO3)1−x (PbTiO3)x diminishes
rapidly and finally reaches to zero at around 450 nm. Quick
decline is because of absorption of light produced by the
transition of electrons from the valence band to conduction
band of BiFeO3. A high value of transmittance in visible
region indicates less deformities and better crystalline nature
in ceramics.

According to inter-band absorption theory, the following
Tauc relationship can be used for the calculation of optical
band gap [38]

αhν = A
(
hν−Eg

)n (4)
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where A represents probability parameter, which is inde-
pendent of photon energy hν and energy band gap Eg, α

is the absorption coefficient and n is index indicating the
transition type (1/2 for direct transition and 2 for indirect
transition). In different studies, energy band gap of BiFeO3

at normal temperature is mentioned from 2.3 to 2.8 eV [39–
43]. As reported by some researchers, this band gap is direct,
[41,42], whereas different reports additionally recommended
the appearance of indirect band gap smaller than the direct
band gap [39,40]. Maximum energy state in valence is situ-
ated at the R-point corner of the Brillouin zone, though the
minimum energy state in conduction band is at themiddle,�,
indicating the indirect band gap of BFO [44]. However, the
calculated valence band in the rhombohedral structured BFO
is nearly flat [43]; therefore, BiFeO3 ought to be performed
as a direct band gap semiconductor at room temperature.

Figure 10 shows plotting of (αhν)2 versus hν for BiFeO3

and BF–PT composite. A linear variation of (αhν)2 in a cer-
tain range favors the supposition of a direct energy band gap.
Sharp rise of absorbance close to the absorption edge indi-
cates transition of direct type. So, direct energy band gap of
BiFeO3 and BF–PT composite was figured out by extrapo-

lating the linear part of the curves (αhν)
1
n = 0 (Fig. 10).

Some research papers reported appearance of indirect band
gap of BiFeO3, so we also calculated indirect band gap of

BF–PT system by extrapolating straight region of (αhν)
1
2

versus photon energy (hν) as plotted in Fig. 11. Linear vari-

ation in high energy domain of plots (αhν)2 and (αhν)
1
2

indicates that both direct and indirect transitions are present
in BiFeO3 and BF–PT composite. Estimated direct and indi-
rect band gaps for BFO and various samples of BF–PT are
given in Table 2. The estimated direct energy band gap (Eg)
ofBF–PT composite is higher than direct band gap ofBiFeO3

(2.49 eV). The value of Eg for bulk BiFeO3 is nearly same

0.5 1.0 1.5 2.0 2.5 3.0 3.5

0

1
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d

c

b
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 90BF-10PT
 80BF-20PT
 70BF-30PT
 60BF-40PT

a

Fig. 11 Indirect energy band gap calculation of the (BiFeO3)1−x
(PbTiO3)x solid solutions (a) x = 0, (b) x = 0.1, (c) x = 0.2, (d)
x = 0.3 and (e) x = 0.4

as that of BiFeO3 (2.50 eV) determined by applying the first
principles within generalized gradient approximation [45],
while it is smaller than the value of direct gap (2.74 eV)
obtained by multiple-angle spectroscopic [40]. Variation of
the band gap of (BiFeO3)1−x (PbTiO3)x with composition ‘x’
is shown in the inset of figure 10. The energy band gap of bulk
PbTiO3 (3.19 eV) is greater than energy band gap of BFO
(2.49 eV).Accordingly, addition of content of PbTiO3 should
increase the band gap energy of (BiFeO3)1−x (PbTiO3)x .
Therefore, the direct energy band of all composition of
(BiFeO3)1−x (PbTiO3)x is greater than recognized band gap
(2.49 eV) of BiFeO3 [46].

4 Conclusions

Basic structural examination has exhibited the presence of
morphotropic phase boundary in (BiFeO3)1−x (PbTiO3)x
ceramics with perovskite phases of rhombohedral and tetrag-
onal symmetry existing simultaneously. Chemical homo-
geneity of BF–PT samples by EDAX was found to be
in good agreement with their actual composition. Weak
ferromagnetism at the temperature of 5 K was observed
in BF–PT system by the substitution effect of PbTiO3.
Linear behavior of M-H plot for BFO sample indicated
the antiferromagnetic nature of BFO. Low-temperature (5–
300 K) magnetization of (BiFeO3)1−x (PbTiO3)x ceramics
samples under zero-field cooling (ZFC) condition exhibited
an anomaly in tetragonal phase of MPB for composition
x = 0.2 and 0.3. Antiferromagnetic transition temperature
(TN−t) corresponding to tetragonal phase for x = 0.2 and 0.3
was measured as 252 K and 243 K, respectively. Incorpora-
tion of PbTiO3 indicated the enhancement of ferroelectricity
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of (BiFeO3)1−x (PbTiO3)x composite. Band gap energy of
all compositions of (BiFeO3)1−x (PbTiO3)x appeared to be
larger than band gap (2.49 eV) of BiFeO3.
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