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Introduction 

Bismuth ferrite (BFO) ceramics with the addition of 

dopants exhibit exceptional electromechanical properties in 

either bulk or thin film form for various potential 

applications [1,2]. Out of all multiferroic materials, BFO 

has paid more attention due to the presence of magnetic 

orders (ferromagnetic or antiferromagnetic) and strong 

ferroelectric properties at room temperature. Moreover, 

BFO is a multiferroic material which has both ferroelectric 

and magnetic orders at above room temperature [3,4]. Thus, 

it has made an important impact on multiferroic 

nanomaterials area of research. The BFO-based 

nanomaterials in different forms were prepared, including 

BFO ceramics, thin films, and nanostructures are reports in 

the literature [5-7]. The Pierre Curie proposed in 1894 

possibility of magnetoelectric (ME) effect in BFO 

thereafter a huge gap of research interest in said material. 

Around 1959, several research groups start working on this 

multiferroic material, but the first observation on the ME 

effect provides a lot of excitement because of the coupling 

between the electric and magnetic field in the matter 

produce various technological applications [8,9]. A detail 

of a decade of intense theoretical and experimental research 

on the electrodynamics of ME effect was summarized by 

O’Dell [9]. In the process of adding a dopant to the BFO 

materials, it has been noticed that there is a change in both 

densification and microstructure development during 

sintering. After substitution of La+3 in the Bi+3 site of the 

BFO, a change in magnetic properties of BFO was 

observed. It shows the coexistence of electric and magnetic 

properties i.e., ferroelectric ordering (Tc = 8300 C) and anti-

ferromagnetic ordering (Tn = 3700 C). It has a 

rhombohedral, distorted perovskite structure with space 

group R3c at 300K [10-13]. Chunlin Fu et. al., [14] studied 

structural and magnetic properties of bismuth ferrite 

nanopowders prepared via the Sol-Gel method and report 

that the electrical and magnetic properties of the doped 

materials enhanced. The study of the conducting thin layer 

of bismuth ferrite gives the enhanced magnetic properties 

The La modified bismuth ferrite perovskite Bi0.6La0.4FeO3 (BLF) is prepared by cost-effective high 

solid-solution casting technique. Formation of composite is checked through X-ray diffraction and 

also notable that there is phase transition from rhombohedral (R3c) to orthorhombic (Pbnm). The 

average crystalline size (DSC) and mechanical lattice strain are 63.8 nm and 0.147% respectively as 

calculated by Williamson-Hall method. The frequency bands corresponding to Bi-O, LaO, and FeO 

stretching vibration confirm that La+3 ions completely incorporate the Bi+3 ions in the A-site of the 

single perovskite. The SEM micrograph suggests that the sample has distinct grains and well-

defined grain boundaries and the average grain size (DSEM) is about 13.9 μm. The rate of 

agglomeration that acquire in the sample (DSEM/ DSC = 219) confirms the excellent connectivity of 

grains which stands possible reason for the high dielectric and conductivity. The impedance 

analysis provided the fact that bulk resistance (Rb) decreases from 6.662 x 105 Ω at 250C to  

1.000 x 10-2 Ω at 3500C; suggesting NTCR behaviour of the material. The activation energy 

increases from 201 meV to 677meV with temperature supports a thermally activated conduction 

mechanism. The thermally activated relaxation process is controlled by the immobile charge 

carriers at lower temperature range while controlled by defects at higher temperatures which 

suggests the presence of hopping mechanism. The gap between the peak of  𝐙′′and  𝐌′′ is 

becoming wide with temperature suggests a non-Debye type character. The semicircular arcs in 

both Nyquist plots and Cole-Cole plots are confirming the semiconductor nature. 
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nearly 15 times compared to the corresponding bulk sample 

[15,16].   

 The study of the structural, dielectric, conductivity, 

optical, magnetic behaviour of doped BFO ceramics is 

reported in the literature [17,18], but doping with  

additive La (x ≤ 0.4) in bismuth ferrite is scared. The 

additive in the given matrix is responsible to enhance the 

physical and chemical properties of the newly developed 

material. So, the synthesis Bi0.5La0.5FeO3 single  

perovskite was planned. The structural and electrical 

properties of the sample were characterized by XRD, SEM, 

FTIR and LCR measurement. The findings of the paper are 

phase transition from rhombohedral to orthorhombic, 

DSEM/DSC = 219, thermally activated conductivity and 

semiconductor nature of the sample. 

Experiment  

The metal oxides such as Bi₂O₃ (99.0%), La₂O₃ (99.9%), 

and Fe₂O₃ (99.9%) are weighted stoichiometry amounts 

accurately up to the third decimal place using the digital 

spring balance. These metal oxides were thoroughly  

mixed by dry grinding method with the help of mortar 

pestle. For a better homogeneity mixture of the elements, a 

wet grinding method with methanol is adopted. A high-

temperature silica crucible containing the powder  

sample is placed inside the high-temperature furnace at 

12500C to fuse into one compound. Then, the 

Bi0.6La0.4FeO3 single perovskite is prepared by high 

sintering method. After the calcination but before the 

sintering, the powdered sample was regrinding and 

pelletization was done under the pressure of 3 - 4 MPa at 

room temperature. The size of the prepared pellets is of 

discs 1 mm thick and 10 mm in diameter covered with silver 

electrodes. The formation of desired sample structure was 

confirmed by XRD (RIGAKU, Japan ULTIMA IV, Cu-Kα 

radiation; 1.5405 Å) profile and tolerance factor. The 

X'Pert-High Score Plus software is used to analysis 

structure and for the refine parameters Rietveld analysis 

was done. SEM micrograph is used to identify the 

distribution of the grains and grain boundaries using a 

JEOL 6360A Analytical Scanning Electron Microscope. 

The LCR meter (N4L PSM, 1735) is being used to calibrate 

electrical parameters from temperature 250C to 3500C and 

frequency 1 kHz to 1 MHz. 

Results and discussion 

Structure formation 

The general formulation of a perovskite is ABO3, where  

A- and B- sites are replaced by divalent and tetravalent 

elements respectively. The tolerance factor of a perovskite 

material can be written as; 𝑡 =
𝑟𝐴+𝑟𝑜

√2(𝑟𝐵+𝑟0)
 , where 𝑟𝐴 = ionic 

radius of A-atom,  𝑟𝐵 =  ionic radius of B-atom and 𝑟0 = 

ionic radius of oxygen-atom. In most of the cases, the 

conventional tolerance factor value should lie within the 

range from 0.75 to 1.0 with additional condition;𝑟𝐴 > 0.9 Å 

and 𝑟𝐵 > 0.51 Å  nm [19]. Robert Ian Hines reported a 

method to evaluate crystal structure by using tolerance 

factor value, where the possible value of t for different 

crystal structure are given like hexagonal crystal structure; 

1.00 <t < 1.13, for cubic structure; 0.9 <t < 1.0, for 

orthorhombic structure 0.75 <t < 0.9 and for t < 0.75, the 

structure was adopted to hexagonal ilmenite structure 

(FeTiO3) [20].The ionic radii of Bi3+, La3+ and Fe+3 are 1.03 

Å, 1.06 Å and 0.645 Å respectively [21]. For 

calculation, 𝑟𝐴 = Bi0.6La0.4 =  0.6(1.03) + 0.4(1.06) = 

1.042Å, 𝑟𝐵 = 0.645 Å and 𝑟0 = 1.4 Å. Now, the value of 

the tolerance factor; =
𝑟𝐴+𝑟𝑜

√2(𝑟𝐵+𝑟0)
=

1.042+1.4

1.414(0.645+1.4)
= 0.84. 

Therefore, La doped bismuth ferrite single perovskite has 

orthorhombic crystal.  

XRD analysis and crystal strain calculation 

The X-ray diffraction is an important tool to evaluate 

unknown phase, identification structure, space group, unit 

cell volume and density etc. Fig. 1(a) shows the XRD 

profile of the Bi0.6La0.4FeO3 single perovskite. The XRD 

pattern suggests single phase formation due to the presence 

sharp and distinct intense peaks. 

 

Fig. 1(a). XRD profile of the Bi0.6La0.4FeO3 single perovskite. 

 

 XRD data is analysed by the PANALYTICAL X' 

PERT PRO MPD powder diffractometer with CuKα 

radiation (λ = 0.15405 nm) and results suggest an 

orthorhombic crystal structure with space group Pbnm 

(JCPDS file No. 01-087-0108). Fig. 1(b) shows the 

Rietveld refinement of XRD data of the Bi0.5La0.5FeO3 

single perovskite using Pseudo-Voigt function [22]. The 

MAUD software is used to complete the rietveld refinement 

analysis of the experimental XRD data [23]. The refinement 

parameters of the sample are calculated with the simulation 

of different physical quantities including atomic position, 

the lattice constant, full width half maximum, shape 

parameter, scale factor and crystal orientation [24]. 



 

 

 

Fig. 1(b). Rietveld refinement of the Bi0.6La0.4FeO3 single perovskite. 

 

 The refined cell parameters are given; a = 5.557Å,

b = 5.565Å, c = 7.8543Å , α = 900, β = 900, γ = 900,

ρ = 6.64 g cm3⁄  and V = 262.2 Å3[ICSD code- 078064]. 

The reliability factors obtained from the Rietveld 

refinement are 𝑅𝑤𝑝(%) = 7.29, 𝑅𝑒𝑥𝑝(%) = 3.20,

𝑅𝐵(%) = 5.29 and  𝐺𝑂𝐹 = (𝑐ℎ𝑖)2 = 2.27  are well-

matched with the previously reported doped BFO 

compound [25]. The quality of the Rietveld refinement is 

excellent because of the most zero difference between 

experimental and computed data recorded. The crystal 

structure of the pure host matrix BiFeO3is rhombohedral 

with space groupR3c, lattice constant 3.965 Å  and a 

rhombohedral angle α = 89.30 to 89.40 at room 

temperature [26-28]. Therefore, there is a phase transition 

occurs from rhombohedral (R3c) to orthorhombic (Pbnm) 

after doping of La into the pure host BFO matrix. The 

presence of the crystal imperfection, dislocation, and defect 

in the sample gives peak broadening, crystalline size, and 

lattice strain. The crystallite size of sample can be 

determined by using the Scherer equation: D =  
0.89 𝜆

𝛽𝑐𝑜𝑠𝜃
, 

where λ = wavelength of the used light source (λ = 1.54056 

Å), 𝜃 is the position of the diffraction peaks and 𝛽= full 

width half maximum measured in radians [29]. A plot is 

drawn taking 
 1

𝛽
 along the x-axis and 𝑐𝑜𝑠𝜃 along the y-axis 

as shown in Fig. 2(a). A linear fit line to the experimental 

data provides the average particle size, which is about  

63.8 nm [30]. 

 When La enters into the pure BFO host matrix, a lattice 

strain is produced in the prepared sample. The relation of 

the strain with the diffraction angle and FWHM is stated 

as 𝜀 ≈ 𝛽 𝑡𝑎𝑛𝜃⁄ . Therefore, this new method of calculation 

of strain is called the Williamson-Hall (W-H) method, in 

which strain (𝜀) varies with 𝑡𝑎𝑛𝜃. The net broadening of 

the peaks is calculated in the W-H method of calculation of 

the strain. They assumed the total broadening in a breath of 

Bragg's peak is the sum of the broadening due to crystallite 

size and strain. The distinct role of the 𝜃 induced size and 

strain broadening and can be evaluated by using the W-H 

method. Therefore, 

𝛽 = 𝛽𝑠𝑖𝑧𝑒 + 𝛽𝑠𝑡𝑟𝑎𝑖𝑛  

⇒ 𝛽 =
𝑘𝜆

𝐷𝑐𝑜𝑠𝜃
+ 4𝜀𝑡𝑎𝑛𝜃 

⇒ 𝛽𝑐𝑜𝑠𝜃 =
𝑘𝜆

𝐷
+ 4𝜀𝑠𝑖𝑛𝜃 

 The above equation is true only when the material is 

isotropic nature; it means the material properties are 

independent of the direction along which they are 

measured. The model is developed using the concept that 

the strain assumed to be uniform in all crystallographic 

directions called the Uniform Deformation model (UDM). 

Under the UDM calculation; the term 4𝑠𝑖𝑛𝜃 is plotted 

along the x-axis and 𝛽𝑐𝑜𝑠𝜃 is plotted along the y-axis 

shown in Fig. 2(b). The slope and y-intercept of the fitted 

line provides the strain and average crystalline size. The 

average crystalline size of the sample is about 65.7 nm 

calculated from the W-H method. During the formation of 

the sample, La atoms enter into the bismuth ferrite host 

matrix. So, there will be a bond stretching among different 

atoms inside the sample.  Due to strong interaction and 

bond stretching in the sample, a mechanical strain is 

produced and can be calculated using the W-H relation,  

𝛽𝑐𝑜𝑠𝜃 =
𝑘𝜆

𝐷
 + 4𝜀𝑠𝑖𝑛𝜃,where   𝜀  is the strain produced in 

sample. The mechanical strain that produces in the sample 

is about 0.147% [31].  

  

Fig. 2. (a) Scherer plots (b) Williamson-Hall plots of the Bi0.6La0.4FeO3 

single perovskite. 

FTIR and SEM analysis 

Fig. 3(a) represents the FTIR spectrum Fig. 3(b) SEM 

micrograph of the Bi0.6La0.4FeO3 single perovskite. There 

are many absorption bands present in the mentioned 

wavenumber range 348-4700 cm-1. There are different 

modes of vibrations observed at 385, 459, 532, 580, 1560, 

1639, 2933, and 3445 cm-1. The peaks are the response of 

the atoms that present in the material under study. In this 

mentioned wavenumber range, the formation of the peaks 

may be related to the unequal stretching relaxation of the 

B–O bond of trigonal BO3 units [32,33]. The frequency 

bands corresponding to Bi-O, LaO, and FeO stretching 

vibration confirm that the La+3 ions completely incorporate 

the Bi+3 ions in the A-site of the single perovskite. SEM 

micrograph analysis indicates that sample has high density 

and minimum porosity because the grains are very closely 

packed. The grains are uniformly distributed through well-

defined grain boundaries over the sample surface. This 

implies that the charge carriers due to Bi+3 or evaporation 

of the La+3 may be the reason of the leakage current. SEM 

intercept method is used to calculate the average grain size, 



 

 
which is about 13.9μm. Here, the presence of small size 

grains protects dopant growth in the sample and leads to the 

larger surface area, which is require for upgrading the 

performance in application. The rate of agglomeration that 

acquire in the sample (DSEM/ DSC = 219) confirms the 

excellent connectivity of grains which stands possible 

reason for the elevated value of dielectric and conductivity 

[34]. 

 

 

 

Fig. 3. (a) FTIR spectrum and (b) SEM micrograph of the Bi0.6La0.4FeO3 

single perovskite. 

 

Modulus analysis 

The discussion on the electrical modulus gives an idea 

about polarization vector, electric relaxation time, electrode 

effect, and most importantly electrical conductivity of 

materials under study. So, we need to study electrical 

modulus with a different frequency range. The expression 

of the real component of modulus (M′) and imaginary 

components (M′′) is mentioned as M′ = A {
(ωRC)2

1+(ωRC)2} and 

M′′ = A {
ωRC

1+(ωRC)2} , where 𝐴 =
C0

C
 

 Fig. 4(a) represents a graph between M′ versus 

frequency from temperature 250C to 3500C. It is observed 

from the figure that the value of M′ is hailing zero in the 

low frequency and then continuous increase of M′ with rise 

of the frequency suggests to saturate maximum asymptotic 

value for each temperature. The saturated M′ value helps 

the short-range charge carriers in conduction mechanism 

[35]. The given interpretation is directly related to the 

absence of restoring force that guides the thermal activated 

charge carriers under the action of the electric field. But, the 

low value of M′ helps to the long-range mobility of charge 

carriers in the conduction mechanism [36]. Fig. 4(b) shows 

a graph between M′′ versus frequency from 250C to 3500C. 

The M′′ increases with the rise of the frequency but it attains 

maximum and then decreases. The M′′max peaks are 

switched towards the high temperature and frequency 

region. The frequency below the M′′max provides a region 

for long range mobility of charge carriers whereas at the 

frequency above the M′′max provides a region for short range 

charge carriers that confined to potential well. However, the 

frequency at M′′max becomes the indicator of the conversion 

from long range to short range. This implies that there is a 

temperature dependent hopping process for conduction 

mechanism. The existence broaden peaks suggests a wide 

range of relaxation process depending on relaxation time 

constant [37,38]. Therefore, it may be concluded that, the 

shifting of the M′′max peaks with rise of temperature 

confirms a thermally activated relaxation process and 

presence of asymmetrical modulus plots proof the non-

Debye type behaviour [39]. 

 

Fig. 4. (a) Variation of M′ vs. Frequency and (b) Variation of M′′ vs. 

Frequency of the Bi0.6La0.4FeO3 single perovskite. 



 

 

 

 

Fig. 5. (a) Variation of Z′ vs. Frequency and (b) Variation of Z′′ vs. 

Frequency of the Bi0.6La0.4FeO3 single perovskite. 

Impedance analysis 

Fig. 5(a) & Fig. 5(b) represent variation of Z′ and Z′′  

with frequency in wide range of temperature. The 

decreasing tendency of both Z′ and Z′′ with rise of 

frequency and temperature suggest NTCR behavior i.e., 

semiconducting nature. All the value of Z′ and Z′′ are 

combined into one at higher frequency and temperature 

suggesting the release of space charge, which decreases the 

barrier properties [40]. The existence of relaxation process 

at low-temperature region is due to electron mobility charge 

carriers at the same time oxygen vacancies or defects are 

responsible at high temperature. So, conduction mechanism 

is controlled by the hopping of the electrons, oxygen ion 

vacancies, and defects in the sample [41]. 

 In Fig. 6(a) at fixed temperature 1000C, the frequency 

dependence of the Z′ and Z′′ of the Bi0.6La0.4FeO3 single 

perovskite is reported. From the figure, it is observed that 

essence of two curves indicates the relaxation frequencies 

of Z′ and Z′′are compensating to each other. This nature of 

the curves suggests a non-Debye type of conductivity 

mechanism [42]. The relaxation time is calculated using the 

standard formula  𝜏 =
1

2𝜋𝑓𝑟
 , where 𝑓𝑟 is called relaxation 

frequency. Activation energies of the sample are calculated 

by using Arrhenius model by plotting 𝑙𝑛(𝜏) along y-axis 

and 1000/T (C-1) along x-axis as shown in Fig. 6(b) [43]. 

The Bi0.6La0.4FeO3 single perovskite has two activation 

energies; at higher temperature in between (100 – 3500C), 

the activation energy of the sample is 𝐸𝑎2 = 1456 meV 

and at low temperature (25 – 500C) is 𝐸𝑎1 = 897 meV. It 

may be concluded that the existence of relaxation process 

in the sample may be managed by the immobile charge 

carriers at low-temperature at the same time defects at 

higher temperature [44]. 

 

 

Fig. 6. (a) variation of Z′ and Z′′ with frequency (b) variation of 𝑙𝑛(𝜏) with 

temperature of the Bi0.6La0.4FeO3 single perovskite. 

 

 At T = 2000C in Fig. 7(a), the two curves reveal a 

single peak at the same frequency, which confirm the 

domination of long-range movement of charge carriers 

[45]. At T = 2500C in Fig. 7(b), it is observed that the gap 

between the peak of  Z′′ and  M′′ is becoming wide with 

temperature, which enunciates the non-Debye-type 

relaxation behavior in the sample [46,47]. 

 



 

 

   

 

Fig. 7. (a) Combined plots imaginary part of impedance 𝑍′′and imaginary 

part of modulus 𝑀′′versus frequency at 2000C and (b) Combined plots 

imaginary part of impedance 𝑍′′and imaginary part of modulus 𝑀′′versus 

frequency at 2500C. 

Nyquist and Cole-Cole Plot 

To understand the conduction mechanism due to the  

effect of grain and grain boundaries in the prepared sample, 

Fig. 8(a) and Fig. 8(b) are presented. The software 

ZSIMPWIN version 2.0 was used to fit the 𝑍′ and 

𝑍′′experimental data. The fitted curves are well matched 

with electrical circuit model LR(QR)(CR). It is calculated 

from fitting data that the bulk resistance (Rb) decreases from 

6.662 x 105 Ω at 250C to 1.000 x 10-2 Ω at 3500C; suggesting 

NTCR behaviour of the material. Similarly, the inductive 

resistance (RL) also increases from 3.462 x 102 Ω /cm2 to 

1.000 x10-2 Ω /cm2 during the variation of temperature from 

at 250C to 3500C. The frequency power increases from 0.4 

at 250C to 8.97 at 3500C as mentioned in Table 1. It is 

observed that Nyquist plots are semicircular. The larger 

semicircles at low frequencies are due to the effect of grain 

boundaries while smaller semicircles at higher frequencies 

are due to the effect of bulk grains [48]. The Nyquist plots 

are semicircular, which supports the semiconducting nature 

of the sample [49]. 

 

 

Fig. 8. (a) Shows variation of fitted data of Z′ and Z′′ with frequency at 

2000C and (b) represents fitting Nyquist plots of the Bi0.6La0.4FeO3 single 

perovskite. 

 Fig. 9 shows the Cole-Cole plots of Bi0.6La0.4FeO3 

single perovskite. Normally, Cole–Cole plot is simulated 

with an equilibrium circuit element containing of resistance 

(R), capacitance (C), and sometimes inductance (L), in 

which the electrode interphase inherently incorporated 

structure. Therefore, real and imaginary part impedance 

plot may provide the state of electrode surface and also the 

kinetic of the metal electrode. The presence of prefect 

semicircular arcs of Cole-Cole plot demands 

semiconductor nature of the sample [50]. The above 

calculated electrical parameters are suitable for application 

in the energy storage devices.  

 

Fig. 9. Represents Cole-Cole plots of the Bi0.6La0.4FeO3 single perovskite. 



 

 
Table 1. List of the fitted data of equivalent circuit LR(QR)(CR): bulk inductance (Lb), Inductive resistance (RL), constant phase factor 

(Q), bulk resistance (Rb), boundary resistance-capacitance (Cgb), grain boundary resistance (Rgb) and frequency power at 250C, 500C, 

1000C, 1500C, 2000C, 2500C, 3000C and 3500C. 

AC conductivity analysis 

Fig. 10(a) represents temperature and frequency response 

of ac conductivity of the Bi0.6La0.4FeO3single perovskite. 

The formula used to calculate ac conductivity  

is σac= ωϵrϵotanδ, where all the symbols have their  

usual meaning. The activation energy (Ea) of the sample can 

be calculated by using a mathematical relation; 

 𝜎𝑎𝑐 = 𝜎0𝑒
− 

𝐸𝑎
𝐾𝐵𝑇 , where kB = 1.38 x 10-23 J/K, Ea = 

activation energy and T = temperature. The slope of the 

curves in the Fig. 10(a) gives the value of the activation 

energies 677 meV, 389 meV, 317 meV and 201meV 

observed at different frequencies 10 kHz, 100 kHz, 1000 

kHz and 5000 kHz respectively. This implies that  

activation energy increases with rise of temperature and 

help in the conduction mechanism because of the hopping 

of charge carriers [51] and demand the semiconductor 

nature of the sample. The movement of the oxygen 

vacancies may be related to this elevated activation energy 

at higher temperature [52]. Fig. 10(b) represents the 

variation of ac conductivity with frequency at different 

temperatures (250C to 3500C). It is observed that at a fixed 

temperature, a low-frequency steady behavior of 

conductivity is called 𝜎𝑑𝑐  and high-frequency dispersive 

conductivity is called 𝜎𝑎𝑐 .  At low frequency, ac 

conductivity increases with the rise of temperature 

supporting the thermally activated conduction process in 

the sample. As we move toward a higher frequency  

region, the value of ac conductivity increases slowly and 

suddenly attains peak value at a certain frequency is called 

hopping frequency, which is a temperature-dependent 

parameter.  

 

   

 

Fig. 10. (a) Temperature response curves of ac conductivity and  

(b) Frequency response curves of ac conductivity of the Bi0.6La0.4FeO3 

single perovskite. 

Temp. Lb 

(H/cm2) 

RL 

( Ω /cm2) 

Q           

(S-sec5/cm2) 

Rb   

(Ω-cm2) 

Cgb 

(F/cm2) 

Rgb 

(Ω-cm2) 

Frequency 

power (n) 

250C 4.649 x 10-17 (Expt.) 

9.961 x 10-19(fitting) 

3.462 x 102 (Expt.) 

3.463 x 101 (fitting) 

1.234 x 10-8 (Expt.) 

1.224 x 10-8 (fitting) 

6.662 x 105 (Expt.) 

6.663 x 105 (fitting) 

4.213 x 10-10 (Expt.) 

4.123 x 10-10 (fitting) 

8.221 x 102 (Expt.) 

8.220 x 102(fitting) 

 

0.4 

 
500C 1.000 x10-22 (Expt.) 

1.000 x10-22 (fitting) 

5.352 x101 (Expt.) 

5.353 x101 (fitting) 

2.860 x10-7(Expt.) 

2.859 x10-7(fitting) 

1.000 x1015(Expt.) 

1.004 x1015(fitting) 

6.951 x10-9(Expt.) 

6.952 x10-9(fitting) 

6.141 x104(Expt.) 

6.141 x104(fitting) 

 

3.47 

1000C 2.475 x10-6 (Expt.) 

2.475 x10-6 (fitting) 

3.329 x101 (Expt.) 

3.329 x101 (fitting) 

4.986 x10-8(Expt.) 

4.984 x10-8(fitting) 

7.576 x103(Expt.) 

7.575 x103(fitting) 

1.661 x1011(Expt.) 

1.647 x1011(fitting) 

1.000 x1015(expt.) 

1.001 x1015(fitting) 

 

0.42 

1500C 2.746 x10-6 (Expt.) 

2.740 x10-6 (fitting) 

1.569 x101 (Expt.) 

1.597 x101 (fitting) 

2.624 x10-7(Expt.) 
2.477 x 10-7(fitting) 

4.002 x102(Expt.) 
3.947 x102(fitting) 

8.460 x10-9(Expt.) 
8.450 x10-9(fitting) 

7.658 x102(Expt.) 
7.704 x102(fitting) 

 
2.21 

2000C 1.374 x10-5 (Expt.) 

1.373 x10-6 (fitting) 

1.000 x10-2 (Expt.) 

8.594 x10-3 (fitting) 

1.763 x10-8(Expt.) 

1.763 x10-8(fitting) 

3.683 x104(Expt.) 

3.682 x104(fitting) 

9.519 x10-10(Expt.) 

9.518 x10-10(fitting) 

5.526 x103(Expt.) 

5.27 x103(fitting) 

 

1.08 

2500C 1.229 x10-6 (Expt.) 

1.229 x10-6 (fitting) 

1.000 x10-7 (Expt.) 
1.003 x10-7 (fitting) 

1.461 x10-8(Expt.) 
1.461 x10-8(fitting) 

8.111 x103(Expt.) 
8.111 x103(fitting) 

4.775 x10-10(Expt.) 
4.775 x10-10(fitting) 

3.101 x103(Expt.) 
3.101 x103(fitting) 

 
1.90 

3000C 1.915 x10-6 (Expt.) 

1.914 x10-6 (fitting) 

3.935 x101 (Expt.) 

3.937 x101 (fitting) 

6.358 x10-8(Expt.) 

6.354 x10-8(fitting) 

2.100 x102(Expt.) 

2.100 x102(fitting) 

7.893 x10-6(Expt.) 

7.890 x10-6(fitting) 

7.830 x101(Expt.) 

7.838 x100(fitting) 

 

1.09 

3500C 3.208 x10-5 (Expt.) 

3.210 x10-5 (fitting) 

1.000 x10-2 (Expt.) 

1.079 x10-3 (fitting) 

2.048 x10-19(Expt.) 

6.989 x10-14(fitting) 

1.000 x10-2(Expt.) 

7.555 x10-5(fitting) 

2.558 x10-3(Expt.) 

2.555 x10-7(fitting) 

4.628 x100(Expt.) 

4.635 x100(fitting) 

 

8.97 



 

 
Dielectric analysis 

Fig. 11(a) shows dielectric constant (ɛr) and (b) tangent loss 

(tan δ) versus frequency of the Bi0.6La0.4FeO3 single 

perovskite. It is observed that, the due to effect of grain 

boundaries the value of dielectric constant (εr) increases 

with rise of temperature. This character of the sample is root 

cause of different types of polarization, which may confirm 

ferroelectric nature in the studied [53]. This type of nature 

observed in the sample is found in good agreement with the 

proposed two layers model by Maxwell and Wagner 

[54,55]. The proposed model explains that the presence of 

dielectric properties in the prepared sample is due to the 

formation of two layers i.e., good conducting grains and 

poorly conducting grain boundaries.  

 

 

 

Fig. 11. (a) Frequency response curve of dielectric constant (b) Frequency 
response curve of tangent loss of the Bi0.6La0.4FeO3 single perovskite. 

 

 The activity of the electrons at the grain boundaries 

increases in a low range of recorded frequency, whereas at 

grains it seems to be more active in the higher frequencies 

[56]. This indicates that grain boundaries are high 

resistance zone and require more energy to transfer the 

electric charges at low-frequency range so that both εr and 

tanδ have a higher value. But at a higher range of frequency, 

very small energy is required to electric charge carriers for 

overcoming the low resistance and resulting in a small 

dielectric loss.  

Conclusion 

Bi0.6La0.4FeO3 single perovskite is prepared by convention 

high-temperature sintering technique. A phase transition 

occurs from rhombohedral (R3c) to orthorhombic (Pbnm) 

that confirmed by XRD analysis. The average crystalline 

size and lattice strain in the sample are about 63.8 nm and 

0.147% respectively. The frequency bands corresponding 

to Bi-O, LaO, and FeO stretching vibration confirm that 

La+3 ions completely incorporate the Bi+3 ions in the A-site 

of the BiFeO3perovskite. The SEM micrograph suggests 

that the sample has distinct grains and well-defined grain 

boundaries and the average grain size is about 13.9 μm. The 

activation energy increases from 201 meV to 677meV with 

temperature confirm that La modified bismuth ferrite 

undergoes a thermally activated conducting process. The 

thermally activated relaxation process is controlled by the 

immobile charge carriers in the host materials at low-

temperature range while controlled by defects at higher 

temperatures which suggests hopping process play 

dominant role in the sample. The presence of asymmetrical 

curve of the electrical modulus plots suggests the non-

Debye-type conductivity behavior. The presence of semi-

circular arcs in the both Nyquist and Cole-Cole plots 

suggests the semiconductor nature of the sample. 
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