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A B S T R A C T   

This investigation involves the synthesis and study of dielectric, structural and impedance properties of poly-
crystalline Bi(Ni2/5Ti2/5Fe1/5)O3 (symbolized as BNTF) nano-ceramic. The BNTF polycrystalline sample was 
fabricated through the use of a conventional solid-state reaction route. X-ray structural examination reveals that 
the parent compound (i.e., BiFeO3) crystallizes in the rhombohedral structure (space group-R3c) while that the 
BNTF compound crystallizes in orthorhombic symmetry. The substitution of NiTiO3 into BiFeO3 enhances 
various properties and reduces electrical leakage current. The average crystallite size is calculated to be 29 nm. 
The room temperature textures and surface morphologies of the specimen were verified by field-emission 
scanning electron microscope, and show uniform grains distribution on sample surfaces. Dielectric parameters 
(constant and tangent-loss) and impedance spectroscopy parameters of NiTiO3 modified BiFeO3 compound were 
investigated over a wide temperature range (25–500 ◦C) at different frequency (25 kHz-500 kHz), which offers 
several interesting features of BNTF material suitable for further device applications.   

1. Introduction 

Over the last few decades, the subject of multiferroics has been 
considered as the hottest theme/topic of materials science and solid- 
state physics. The occurrence of two or more ferroic order parameters 
simultaneously in single-phase material is referred as multiferroics. 
These materials have attracted much more attention because of their 
possible applications in numerous devices (i.e., spintronic, memory 
storage, ultrafast optoelectronic devices, sensors, magnetically modu-
lated transducers etc.) [1–5]. The existence of order parameters in 
multiferroics provides possibilities of new features in novel multifunc-
tional devices. The recent activities on the multiferroics research offer 
novel multifunctional materials and discoveries that have been verified 
by both theoretical and experimental approaches. These few sets of 
materials have shown both ferroelectric and magnetic polarizations [6]. 
Among numerous multiferroic material systems, BiFeO3 is the most 
studied compound so far because of the coupling between magnetic and 
ferroelectric order in it at the room temperature. At room temperature, 
the crystal symmetry of bismuth ferrite polar phase is best defined in 
rhombohedral structure (perovskite) along with R3c space group. In 
BiFeO3, the occurrence of ferromagnetic properties is due to the 

existence of Fe+3 ions, and the ferroelectric properties are due to the 6s2 

electrons (in the form of lone paired) of Bi+3 [7,8]. The major drawbacks 
of BiFeO3 (BFO) are the large leakage density, much higher tangent loss 
and structural distortion that affect its dielectric, resistive and ferro-
electric behaviours. The large leakage current density is accredited to 
oxidation-reduction of iron-ions generating oxygen positions for the 
charge compensation [9,10]. 

Though few progressive development techniques have been tried to 
develop the compounds having multiferroic features with a large 
coupling coefficient, the subject of an appropriate process is to combine 
several types of process. In addition, the nickel titanate (NiTiO3) dis-
played rhombohedral symmetry in which nickel and titanium atoms are 
desired to form an octahedral coordination system with irregular cation 
layers solely employed through either nickel or titanium [11,12]. To 
eliminate the said inherent problems of BFO, this work has been 
designed to produce eco-friendly complex Bi(Ni2/5Ti2/5Fe1/5)O3 multi-
ferroic material. Similar theme of the work is not reported in the liter-
atures [13,14]. 

This work reports on the synthesis and characterization (structural, 
dielectric, impedance and multiferroics characteristics) of nickel and 
titanium modified bismuth ferrites (i.e., Bi(Ni2/5Ti2/5Fe1/5)O3) 
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ceramics. 

2. Materials, method and measurements 

An eco-friendly (Pb-free) Bi(Ni2/5Ti2/5Fe1/5)O3 (BNTF) nanoceramic 
was prepared by using a conventional solid-state reaction route [15,16]. 
All chemicals (carbonate and oxides) of analytical grade procured from 
the Merck were used. First, these ingredients, (BiO)2CO3.H2O (bismuth 
carbonate), NiO (nickel oxide), Fe2O3 (iron oxide) and TiO2 (titanium 
dioxide), were thoroughly mixed in a suitable stoichiometric ratio in 
mortar and pestle in air atmosphere for 10 h, and then in wet medium 
(methanol) for 10 h. The fine homogeneous powder of ingredients was 
calcined at an optimized temperature of 750 ◦C for 8 h. The single-phase 
formation and basic structural symmetry were tested using X-ray 
diffractometer (Japan-Rigaku: Powder) with the specific (CuKα; λ =
1.5405 Å) radiation in a wide range of Bragg angles (20◦ ≤ 2θ≤ 60◦) at 
slow scan speed. The surface morphology of prepared specimen was 
recorded through the field emission scanning electron microscope (Carl 
Zeiss: EVOHD-15). The calcined powder of the desired compound was 
used to form circular-shaped pellets (thickness = ~1.5 mm; diameter =
8 mm) by a hydraulic KBr press (pressure = 4.5 × 106 N/m2). 
As-prepared BNTF pellets were sintered at 800 ◦C (optimized tempera-
ture) for 8 h in normal air medium. Before their electrical measure-
ments, the sintered pellet was ground through a fine paper (emery) to 
make the pellet surface smooth and parallel, and then both surfaces of 
pellet were polished with the conducting paste (silver). The capacitance 
(Cp in parallel combination), phase angle (θ), impedance (Z) and tangent 
loss (tan δ) were recorded in a wide temperature range (25–500 ◦C) at a 
different frequency (10 kHz–500 kHz) by means of computer-interfaced 
phase-sensitive multi-meter (PSM:1735, UK-Newton N4L) with the 
laboratory-designed sample holder. The detailed description of the 
synthesis process is summarized in Fig. 1. 

2.1. P-E loop tracer 

The ferroelectricity (FE) is a subclass of pyroelectricity. The FE 

hysteresis loop directly sustains ferroelectric nature in the studied ma-
terial. Additionally, the polarization vs. electric field hysteresis loop in 
the case of ferroelectrics are analogous to those of magnetic hysteresis 
loop (magnetization versus magnetic field). Ferroelectric materials 
exhibit polarization vectors that could be oriented into two reverse di-
rections. The displacement reduces the symmetry of the material/crystal 
spontaneously also thermodynamically stable states can be exchanged 
from one to another direction by using an external electric field. 
Commonly, the ferroelectric materials contain domains (the regions 
where several unit cells holding displaced ions in a similar direction) 
which has an effect of polarization under electric field. 

The poling process in which, the oriented electric dipoles are aligned 
in an identified direction. The procedure of poling is to shift opposite 
domains under the Tc (transition temperature) with greater electric 
fields than the coercive field. For numerous compounds having higher 
coercivity values allow poling only close to Tc, but in some of the 
compounds, electrical poling might succeed through cooling of the 
compounds from their paraelectric to ferroelectric phase in an electric 
field (applied) parallel with polar crystallographic axis in the influence 
of the constant electric field. In the present study, the polarization versus 
electric field (P-E hysteresis loops) as-studied sample at various fields 
have been attained using the hysteresis loop tracer (Marine India). Fig. 2 
represents the schematic setup of ferroelectric loop tester. 

2.2. M − H loop tracer 

The magnetic field dependence of magnetization has been studied at 
normal/room temperature (298 K) by means of a physical property 
measurement system and superconducting quantum interference device 
magnetometer. It is a great deal of evidence about the magnetic char-
acteristics of material could obtain through the hysteresis loop. A hys-
teresis loop diagram displays the relationship between the induced 
magnetic field (H) and magnetization (M). It is denoted as the M − H 
hysteresis loop. By the hysteresis loop spectrum, a number of primary 
magnetic characteristics of material could be determined as such 
manner retentivity, coercive field, permeability, residual magnetism as 

Fig. 1. Schematic syntheses process of Bi(Ni2/5Ti2/5Fe1/5)O3 nanoceramic by the solid-state reaction route.  
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well as the reluctance. 
The experimental technique of the vibrating sample magnetometer 

(VSM), was initially developed by the Foner. It is effective technique for 
the analysis of higher magnetic field and low-temperature examines of 
correlated electron systems because of simplicity as well as high sensi-
tivity. The superconducting quantum interference device detects and 
measures the magnetic parameters of the sample. The magnetic 

hysteresis of nickel and titanium co-substituted BFO ceramics have been 
measured using vibrating sample magnetometer (Quantum Design; 
Fig. 3) at room temperature. 

Fig. 2. Representation of P-E loop tracer setup.  

Fig. 3. Representation of VSM (Quantum Design).  
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3. Results and discussion 

3.1. The analysis of structural symmetry and their microstructure 

The X-ray diffraction (XRD) technique is more effective and exten-
sively used method for materials characterization. It could detect the 
chemical compounds from their crystal structure. Therefore, the spec-
imen that having different compounds but has a similar composition 
could be identified by this method. Fig.4 depicts a powder XRD pattern 
of Bi(Ni2/5Ti2/5Fe1/5)O3 (BNTF) at room temperature. The sharp peaks 
of the pattern confirm good crystallinity of the compound. The existence 
of most prominent peaks of the patterns is related to perovskite sym-
metry, but not similar those of the ingredients. As a result, the BNTF 
crystal system was confirmed with the existence of a new phase of the 
system. The XRD configuration of prepared BNTF system also displayed 
higher angle splitting, hereafter the peak distribution trend confirmed 
the presence of orthorhombic symmetry. The tolerance factor for Ni/Ti 
doped ABO3 perovskite like-BiFeO3 structure is defined as [15,17], 

t=
(rA + rO)
̅̅̅
2

√
.(rB + rO)

Here 〈rA〉 and 〈rB〉 represents calculated average ionic radii of the 
bismuth (at the A-site) and nickel, titanium, iron (at the B-site) cations 
and ro represents ionic radii of oxygen atom respectively. However, the 
tolerance factor mainly belongs to measure the structural stability of the 
perovskite structure. The calculated tolerance factor value of BNTF 
ceramic is 0.85, which confirms a deviation from ideal perovskite (t = 1) 
structure. 

Furthermore, the standard ‘POWD’ software has been applied to 
index all peaks in optimized crystal symmetry [18]. The subject of the 
better comparison between the experimental and measured d values (d 
= inter planar spacing distance) [

∑
Δd = dexperimental – dmeasured =

minimum]; the system was established to fit in orthorhombic symmetry. 
The least-squares refined cell parameters are; a = 40.4631 Å, b = 8.2439 
Å, c = 4.1483 Å (with ±0⋅002 as minimum standard deviation). By using 
a strong reflection peak (8 0 1) of the XRD pattern, the measured crys-
tallite dimension was found to be 36 nm from reflections broadening by 
means of Scherrer’s equation [defined as DXRD = K.λ/β.cosθ] [19]. In this 
relation, the constant term K (=0.89) is subjected to the shape of crys-
tallite size, λ is subjected to the wavelength of radiation (Cu Kα; 1.5406 
Å), β = full width at half maximum of intensity vs. 2θ scheme and the 
term θ is subjected to Bragg’s diffraction angle. From the calculations, 
the average crystallite size of as-synthesized BNTF ceramic is 29 nm 
which is comparable to that of our previous reported value for BNTF and 

BCTF ceramic [13,14,20,21]. The detailed information about their 
d-spacing values, relative intensities and plane position has displayed in 
Table 1. Additionally, few results showing the similar structural sym-
metry with the (Co, Ni, Cd with Ti) addition/co-substituted bismuth 
ferrite have been summarized in Table 2. 

The field-emission scanning electron (symbolized as FE-SEM) is the 
best multipurpose instrument for the depth examination and analysis of 
the microstructural morphology of solid ceramic specimens. Fig.5 shows 
the FE-SEM image of BNTF sintered pellet at room temperature. The 
image confirms that the grains are highly packed with a lower degree of 
voids, and are homogeneously scattered through the sample surface. The 
observed grains are in the form of different sizes and shapes, clearly 
indicating the presence of polycrystalline microstructure behaviour. The 
grains are of partially equal sizes, however, showing different grain 
restrictions. The average grains dimension was calculated and found in 
the range of 120–300 nm. As the crystallites size is not similar to their 
grain size, results in the difference in their structural parameters. 

3.2. The analysis of dielectric studies 

Fig. 6 (a, b) demonstrates relative dielectric constant (εr) and cor-
responding tangent loss (tan δ) variation plot at a different frequency 
(25, 50, 100 and 500 kHz) and temperature (room temperature to 
500 ◦C). The figure depicts the dielectric dispersion curves showing 
strong frequency and temperature dependent relation of both dielectric 
parameters (tan δ) and (εr). At all frequencies, the magnitude of relative 
dielectric constant value increases linearly with the increase in tem-
perature nonetheless both dielectric parameters (εr and tan δ) value 
decrease on rising frequency, that is the general features of dielectrics 
[4,22]. This type of variation occurred in dielectric constant spectrum 
might be due to the dissimilar kinds of polarization (like dipolar, ionic, 
dipolar and so on) and space charge occurred in compounds at a higher 
frequency. The subject of the several sets of polarization mechanisms, a 
short-range displacement can happen and lead the entire polarization of 
the compound, and hereafter to its dielectric permittivity [23]. The 
magnitude of the dielectric constant values increases on increasing 
temperature, which is because of the existence of electron-phonon 
relations. 

The value of dielectric constant at a particular frequency of 25 kHz at 
room temperature and 500 ◦C are 256 and 627 correspondingly. The 
increment of εr value could be attributed to the thermally activated 
space charge transport. Additionally, the calculated values of dielectric 
loss at a particular frequency of 25 kHz at room temperature and 500 ◦C 

Fig. 4. Powder X-ray diffraction pattern of Bi(Ni2/5Ti2/5Fe1/5)O3 nanoceramic 
at room temperature. 

Table 1 
Comparison of observed and calculated d-values of their major reflections for Bi 
(Ni2/5Ti2/5Fe1/5)O3 at room temperature. Compound: Bi(Ni2/5Ti2/5Fe1/5)O3 
Symmetry: Orthorhombic Phase.  

Peak 2θ dobs(Å) dcal(Å) I/Io h k L 

1 21.02 4.2227 4.2219 15 0 2 0 
2 23.08 3.8502 3.8485 21 4 0 1 
3 24.74 3.5955 3.5966 25 3 1 1 
4 27.74 3.2131 3.2178 100 8 0 1 
5 28.98 3.0784 3.0841 16 9 0 2 
6 30.22 2.9549 2.9548 77 1 2 1 
7 33.00 2.7120 2.7125 76 4 3 0 
8 37.60 2.3901 2.3908 13 17 0 0 
9 39.68 2.2695 2.2701 25 15 0 1 
10 41.78 2.1601 2.1631 14 7 3 1 
11 44.78 2.0221 2.0220 10 10 3 1 
12 45.60 1.9977 1.9876 14 6 0 2 
13 47.10 1.9278 1.9284 20 16 2 1 
14 49.24 1.8489 1.8478 11 3 2 2 
15 52.60 1.7384 1.7374 32 9 4 1 
16 54.26 1.6891 1.6888 14 0 5 0 
17 55.88 1.6439 1.6453 23 6 5 0 
18 57.02 1.6136 1.6126 19 13 4 1          
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are 0.03 and 1.92 correspondingly. Within the limitation of experi-
mental setup on material characteristics, the phase transition could not 
be detected in the temperature range of (25 0C-500 ◦C). The trend in tan 
δ variation with temperature is similar to that of εr (the magnitude of tan 
δ value gradually rises on increasing temperature) values. In general, the 
high value of tan δ in the low-frequency zone and high temperatures is 

just because of the iron-containing materials that reduce quickly with 
the increase in frequency. A similar temperature variation of the 
dielectric loss has been reported earlier [13]. 

3.3. The analysis of complex impedance spectroscopy 

The complex impedance spectroscopy (CIS) [24] is a popular tech-
nique to evaluate the ac-signal impact to the sinusoidal perturbation, 
appropriate measured impedance data’s associated with several elec-
trical factors (grains, electrode effect and grain boundary) of the ceramic 
materials [5,25–28]. Fig. 7 displays a complex impedance diagram (i.e., 
Nyquist plot of Z’ versus Z’’ plot) of BNTF nanoceramic at different sets 
of selected temperature from room temperature to 500 ◦C, which leads 
to a succession of semicircles. The intercept extent of the smicircles on 
the real axis (i.e., x-axis) and its spectrum offer information on the types 
of electrical routes happening inside the compound and the correlation 
between the microstructure and arcs of said ceramics. It detected that 
the effect of grain boundary influence is not observed in the compound 
up to 200 ◦C. 

As the increment of further temperature from a room temperature, 
the shape of the arc increasingly develops semicircular trend with minor 
movement of centre near the origin of the complex surface. On the 
prompt growth of temperature, an extent of slope of line losses which is 
turn near the Z’-axis (at above 300 ◦C), and hence develops semicircle 
may possibly representing the rise in conductivity values [29,30]. The 

Table 2 
Structural symmetry for (Co, Ni, Cd with Ti) addition/co-substituted bismuth 
ferrite.  

S. 
No. 

Compounds Name XRD Symmetry Average 
crystallite size 

Reference 

1. Bi 
(Co0.40Ti0.40Fe0.20) 
O3 

Orthorhombic 
structure 

30 nm [5] 

2. Bi 
(Ni0.40Ti0.40Fe0.20) 
O3 

Orthorhombic 
structure 

36 nm [13] 

3. Bi(Cd1/4Ti1/4Fe1/2) 
O3 

Orthorhombic 
structure 

30 nm [14] 

4. Bi 
(Cd0.45Ti0.45Fe0.10) 
O3 

Orthorhombic 
structure 

30 nm [20] 

5. Bi 
(Co0.45Ti0.45Fe0.10) 
O3 

Orthorhombic 
structure 

30 nm [21] 

6. Bi(Ni2/5Ti2/5Fe1/5) 
O3 

Orthorhombic 
structure 

29 nm Present 
paper  

Fig. 5. FE-SEM micrograph of Bi(Ni2/5Ti2/5Fe1/5)O3 nanoceramic at room 
temperature. 

Fig. 6. (a) Variation of dielectric constant (εr) as a function of temperature for Bi(Ni2/5Ti2/5Fe1/5)O3 nanoceramic at selected frequency 
Fig. 6: (b) Variation of dielectric loss (tan δ) as a function of temperature for Bi(Ni2/5Ti2/5Fe1/5)O3 nanoceramic at selected frequency. 

Fig. 7. Variation of complex impedance spectrum (Nyquist plots) of Bi(Ni2/ 

5Ti2/5Fe1/5)O3 nanoceramic at different selected temperatures over a wide 
range of frequency (25–500 kHz). 
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existence of semicircular arcs above temperatures of 300 ◦C proposes the 
electrical features of the compound with a rising trend mostly because of 
the contributions from bulk specimens. 

Furthermore, in the low-frequency zone, the magnitude of Z’ 
decreased with the growth in temperature displays the NTCR (negative 
temperature coefficient of resistance) nature. This behaviour has 
extremely changed in the high-frequency zone displaying a total addi-
tion of the Z’ spectrum beyond assured frequency. At higher-frequency, 
the Z’ value at different temperatures coincides involving the probable 
space charge release [5,31]. The cut off every semi-circle on the Z’ axis 
provides the grain boundary and bulk influences in their impe-
dance/resistance factors. The existence of each semi-circle in the 
impedance plot having characteristic peak features that occurs at a 
particular relaxation frequency generally denoted as resonance fre-
quency (ωr = 2πfr). It could be denoted as ωr RC = ωrτ = 1 and hence fr =
1/2πRC, herein τ denotes the relaxation time. The terms of relaxation 
time because of the bulk effect (τb) has been calculated through the 
general relation of ωrτb = 1 or, τb = 1/2πfr. 

3.4. Multiferroic analysis 

3.4.1. P-E loop analysis 
Fig. 8 shows ferroelectric hysteresis loop of Bi(Ni2/5Ti2/5Fe1/5)O3 at 

room temperature. The P-E loop trends were measured to estimate the 
ferroelectric features a few sets of applied electric field (in this study an 
applied electric field is between 5 and 15 kV/cm). The P-E loop analysis 
also proves leaky characteristic due to co-substitution of Ni and Ti into 
BFO. Unfortunately, it may not possible to achieve properly saturated 
loops of the said compound even though the applied field is beyond the 
breakdown voltage. At room temperature, the observed value of 
remnant polarization and coercive field are 0.04 μC/cm2 and 4.11 kV/ 
cm. The outcomes of both remnant polarization and coercive field are 
affected by the presence of few charged defects, thermal treatment and 
mechanical stresses [32,33]. Thus, said lead-free multiferroic materials 
may have the rich and unique benefit of innovative electrical devices 
over the best multiferroic system of BiFeO3. 

3.4.2. M − H loop analysis 
In addition, Fig. 9 displays the M − H hysteresis loop of Bi(Ni2/5Ti2/ 

5Fe1/5)O3 compound and recorded at room temperature. However, the 
M − H loop diagram of the synthesized compound apparently reveals a 
saturation trend at greater magnetic field together with improved 
magnetic features of multi-doped BNTF. As studied compounds, the 
observed values of saturation magnetization (Ms), remnant 

magnetization (Mr) and coercivity (Hc) were found to be 0.364 emu.g-1, 
0.133 emu.g-1, and 0.388 kOe. In addition, the existence of strong 
magnetic orders (at room temperature) of said compound, showing 
multiferroic characteristics. So far, BiFeO3 [referred to as BFO] is the 
well-known ideal prototype of multiferroics that exhibits ferromagnetic 
and ferroelectric ordering simultaneously at or above room tempera-
ture. Although, the weak ferromagnetism features of BFO may limit its 
applications [13,34]. The magnetic characteristics of undoped BFO 
compounds was prepared by several methods (such as sol-gel and 
standard solid-state [15,16]), the attained values of Mr and Ms were 
about 0.0039 and 0.055 emu.g-1 correspondingly [35]. For the 
high-energy ball milling conventional technique, obtained values of Hc, 
Mr and Ms were approximately 1.250 kOe, 0.012 and 0.13 emu.g-1 [36]. 
Evidently, existed values are well comparable, and their results clearly 
reveal the enhancement of multiferroic features of nickel and titanium 
modified BFO compound (i.e., BNTF) [13]. These enhanced magneti-
zation values may be occurring due to the significant doping of Ni and Ti 
at the Fe-site of the bismuth ferrite compound. Consequently, the strong 
magnetic features appeared in the BNTF compound at room 
temperature. 

3.5. AC-conductivity analysis 

3.5.1. Temperature dependent AC-Conductivity 
For as-studied compound, the durable correlation occurs between 

the frequency and temperature dependent response of the electrical 
conductivity. The AC-conductivity (σac) of a studied compound has been 
calculated and analysed by using of dielectric data with the relation of 
σac = ω ε0 εr (tan δ) [13]. Fig. 10 displays the AC-conductivity variation 
by means of the inverse of the absolute temperature (103/T) at few 
selected sets of the frequency of BNTF compound. The ac-conductivity 
value is nearly constant at lower temperature region for each selected 
frequency. The dispersion region (strong frequency dependence) might 
be ascribed to the hopping of charge carriers for the arbitrary sites with 
flexible barrier heights. The separation as well as the magnitude of the 
conductivity rises with the rise in frequencies. At higher temperature 
regions, the conductivity plots display a higher growth with rising 
temperature. The variation of the σac over an extensive operating tem-
perature range supports thermally activated transport features of the 
studied series of compounds, which obey the Arrhenius equation. The 
trend of the curve is linear, which follows the Arrhenius behaviour: σac 
= σ0 exp (-Ea/kBT), herein the symbols have their common notation [4]. 
This Arrhenius region exposes a proper 
Arrhenius/frequency-independent region. Hence, the variation in 

Fig. 8. Ferroelectric hysteresis loop of Bi(Ni2/5Ti2/5Fe1/5)O3 compound at 
room temperature. 

Fig. 9. Magnetic hysteresis loop of Bi(Ni2/5Ti2/5Fe1/5)O3 compound at room 
temperature. 
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conductivity (σac) values at nominated frequency is small at the low 
range of temperature and much bigger at higher temperature region. 
The detailed explanation of conductivity and calculated activation en-
ergy of all studied sample is described in the figure itself. The activation 
energy has been considered to measure the slope of the curve (with 
linear fit) at different temperatures, especially in a low-temperature 
zone (yellow colour), medium temperature region (magenta colour) 
and high-temperature region (pink colour). The figure clearly presents 
that at a particular temperature the slope is changing, which might 
happening due to the difference in activation energy at a lower tem-
perature (ferroelectric) and higher temperature range (paraelectric 
phases). The larger activation energy value may arise because of the 
presence of space charge polarization and oxygen vacancy (ions). 

3.5.2. Frequency dependent AC-Conductivity 
Fig. 11 depicts the variation of each conductivity nature with an 

extensive frequency range (1 kHz-1 MHz) at a few nominated ranges of 
temperature (25–500 ◦C) for BNTF compound. The conductivity plot 
clearly suggests that the studied compound displays dispersion at the 
low-frequency region and the conductivity value increases constantly 
through a rise in frequencies 5, 8]. The spectrum plot of conductivity can 
be fitted with the relation of well-known as Jonscher’s law [14]. In the 
above relation, σα presents the frequency-independent term that offers 
the value of dc conductivity, β presents the frequency-dependent expo-
nent term and its values lies in (0 < β < 1) and the term P is a thermally 
activated quantity. Nevertheless, the origin of the frequency-dependent 
conductivity spectrum lies in the relaxation process rising due to carriers 
(mobile charge). However, as an effect, an increase of conductivity 
values with the rise in temperature and frequency proposes NTCR 
phenomenon (negative temperature coefficient of resistance) happened 
in the studied compound. 

4. Conclusion 

In the summary, we have successfully synthesized Ni and Ti co-doped 
bismuth ferrite nanoceramic [i.e., Bi(Ni2/5Ti2/5Fe1/5)O3 or BNTF] 
through using of a conventional solid-state reaction route. We have 
investigated the structural, dielectric, impedance and multiferroics 
features of said ceramic compound. The initial structural analysis pro-
poses that the structural variation has been detected within the signifi-
cant co-substitution of nickel and titanium at the iron site of bismuth 
ferrite. An average crystallite size has been found to be 29 nm, which is 
calculated by applying Scherrer’s formula. The FE-SEM image proposes 
that the presence of grains were aggregated in rectangular, spherical and 
triangular shapes. The detailed study of dielectric features illustrates 

both dielectric parameters (dielectric constant & loss) rise with the rise 
in temperature, however, the magnitude of these parameters decrease 
with increasing frequency. The magnitude of the bulk resistance value 
drops on substituting the influence of the substitution. The impedance 
study shows the existence of grain boundary and grains influence, which 
suggests NTCR behaviour in the material. The electrical conductivity of 
the compound studied, based on the observations of impedance pa-
rameters. The ferroelectric analysis exposes that the BNTF favours the 
ferroelectricity in an outstanding way which approves a non- 
centrosymmetric nature of the synthesized compound. The magnetic 
measurements at room temperature verify ferromagnetic behaviour of 
the BNTF sample along with slight diamagnetic influence at higher 
fields. Consequently, the multiferroic nature of BNTF ceramic is detec-
ted because of the synchronization of ferroelectric and ferromagnetic 
behaviour. Hence, the observed enhancement in the dielectric and 
electrical features of said BNTF nanoceramics may be used for multi-
functional applications. 
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