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Abstract: BiixNixFeOs (x = 0.20-0.80)nanoparticles were prepared using the hydrothermal method.
Rhombohedral structure along with few secondary phases are confirmed from obtained X-ray
diffraction (XRD) patterns. The microstructure confirmed structures similar to nanospheres and
small nanorods. An agglomeration is noticed among the nanoparticles of x = 0.2-0.8 owing to
magneticinteractions. The Tauc’s plots aredrawn toevaluate the optical bandgap (Eg) as a function
of Ni-content. The dielectric constant, and loss parameters werestudied as a function of Ni-content
and frequency. In addition, the dielectric modulus formalism was discussed to evaluate the space
chargeeffect and charge carrier behavior. The Nyquist plots were drawn and noted tobeincomplete
relaxation for all the samples.
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1. Introduction

Perovskite materials received much attention in science and technology due to their peculiar
properties like dielectric, ferroelectric, photocatalytic, nanocatalytic, piezoelectric, pyroelectric,
etc., [1]. All these properties led the perovskites to achieve the applications in the charge stored
capacitors, ferroelectric memory devices, piezo-sensors, solar cells (SCs)/photovoltaic devices,
optoelectronic devices, and so on [2].1t is a familiar fact that the perovskitereveals an ABOs chemical
structure, wherein, the ‘A’ corresponds to divalent/trivalent elements, and the ‘B’ refers to the
trivalent/tetravalent element [3]. Further, it is also noticed that some of the perovskites exhibited
magnetic, dielectric, ferroelectric, and ferroelasticnature. Such systems are considered as multiferroic
perovskites [4]. Among these multiferroics, the well familiar system is BiFeOs [BF]. It showed good
attention due to the applications such as spintronics, memory, energy storage, energy conversion,
sensors, actuators, medical (like CT scan), catalysis, photonic devices, optoelectronics, tunnel
junctions, etc., [4-6]. The perovskite-based materials, 2D perovskites, double perovskites,
graphene-based perovskites, graphitic carbon nitride, etc., have also shown much attention towards
the above-mentioned applications [6]. A significant research work is done on bismuth ferrite
materials for several applications. In this regard, Verma et al. [7], synthesized the BF nanosystem,
and reported the magnetoelectric nature of the samples. Visakh et al. [8], addressed the synthesis,
and various characterizations of multiferroic nanocomposites revealing several applications.
Celis et al. [9], introduced different mechanisms in order to control the multiferroic properties of BF
nanoparticles. Indriyani et al. [10], fabricated the BF nanoparticles via one-pot method through
abelmoschus esculentus leaves, and showed the photocatal ytic dye degradation activity [11].
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Amdouni et al. [12], prepared the BF nanoparticles, and investigated the piezo-photocatalytic
activity. Parvathy et al. [12], explicitly reported the atomic scale insights on the growth of BF
nanoparticles. Parida et al.[13], prepared the BF nanoparticles via the plant extraction approach, and
reported the photocatalyst degradation of MB (methylene blue) dye application. Basith et al. [14],
synthesized the BF nanoparticles at low operating temperatures, and confirmed the high
magnetization, photocatalytic dye degradation, and hydrogen evolution. Bai et al. [15], introduced
various approaches for growing the BF crystals. Cheng et al. [16], developed the BF nanoparticles,
and suggested for the selective n-butanol gas sensing applications by creating the abundant oxygen
vacancies. Wu et al. [17], synthesized the BF nanoparticles, and reported the progress of
photocatalytic activity via the electrical polarization. Wu et al. [18], prepared the BF nanoparticles
which are of strong pyro-catalysis in nature under a room temperature cold hot alternation. Mocherla
et al. [19], reported bandgap which was tunable in BF nanoparticles, and explained the role of
microstrain, and defects. Prince et al. [20], developed the tuning of a few properties of BF such as
structure, optical, and magnetism via the annealing. Masoudpanah et al. [21], synthesized the BF
nanoparticles, and illustrated the structure, magnetic nature, and photocatalytic activity.

Besides, doping is performed extensively on BF nanoparticles for different applications. In view
of this, Othman et al. [22], synthesized, and studied the structure, magnetic, and electric properties
of Co-doped BF nanoparticles. Haider et al. [23] prepared BiCoFeOs nanoparticles pertaining to the
high concentration of Co and presented their electrical and magnetic properties. Poulos et al. [24],
addressed the effect of Sm, and Co dopants on the physical properties of BF nanoparticles including
the control mechanisms. Shrimali et al. [25] studied the influence of magnetic field on dielectric
properties of Co substituted BF nanoparticles and confirmed the magnetoelectricnature of samples.
Gu et al. [26], developed the BiCoSmEuFeOs nanoparticles, and determined the super-absorption
capacity, and electrochemical oxygen evolution. Apostolova et al. [27] investigated magnetoelectric
coupling effects for BiTbFeOs nanoparticles. Gu et al. [28], fabricated BiSmFeOs particles and
evidenced magnetic nature by studying the magnetic properties. Also, the optical properties are
investigated around the morphotropic phase boundary. Haruna et al. [29], demonstrated the
photocatalytic activity in organic dyes by introducing various dopants into the BF system.
Wang et al. [30], studied various properties by doping the nickel element into the BF system. Mishra
et al. [31], clearly explained the photoluminescent activity including the energy levels of BiNiFeOs.
Nadeem et al. [32,33], synthesized the Ni-doped BF nanoparticles, and reported the enhancement of
photocatalytic performance, and temperature dependent dielectric behavior. Cantera et al. [34],
explicitly observed the structural transformation in the XRD analysis, and reported the ferroelectric,
dielectric, and ferromagnetic nature of the BiNiFeOs. Banu et al. [35], developed the BiNdNiFeOs
nanoparticles, and suggested for spintronic applications thereby showing the dopant effect. Sarkar
et al. [36], offered a clear picture on the differences between the undoped, and Ni-doped BF
nanoparticles (prepared via solution combustion route)in terms of structure, electronic behavior, and
magnetic nature. Mukherjee et al. [37], developed the BiNiCoFeOs nanoparticles via chemical route,
and reported the effect of the cations on different multiferroic properties of the BF system. Ponraj
et al. [38], ensured the photocatalytic degradation of acid red-85 dye in the case of Ni-doped BF
nanoparticles. Preethi et al. [39], illustrated in detail about the doping effect in the case of BF bulk,
and nanoparticles on various properties such as structural, dielectric, electrical, magnetic,
ferroelectric, ferromagnetic, ferroelastic etc. Routray et al. [40] studied the impact of gamma rays on
electronic, magnetic, structure, ferroelectric properties and transformations among these properties.

This detailed literature survey ensured that the research work is done on Ni-doped BF
nanoparticles. But the methodology is different for different samples. That is, it manifests that the
solution and alloying techniques like chemical route, combustion method, sol-gel, ball milling etc.,
areused to synthesize thesamples. But thehydrothermalmethod was not opted, which is considered
as a technique that brings lots of changes in microstructure and further inducing the changes in other
dependent properties. Moreover, the properties were not studied collectively in a single literature
paper providing the difference and connectivity of all properties. Therefore, in the current work,
authors focused on synthesizing Bii-NixFeOs (x = 0.20-0.80) (BNFO) nanoparticles using
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hydrothermal method. The synthesis method reveals several advantages in general like low
operating temperatures (100 °C-150 °C), inexpensive, usage of low-cost nitrates as compared to
oxides, high homogeneity, good crystallinity, less time consuming etc. Upon preparing the BNFO
nanoparticles, the samples are intended to investigate the structure, morphology, nanopartide
confirmation, optical bandgap, functional groups/metal oxide bonds, dielectricbehavior, etc.

2.Synthesis method and characterization

At the outset, for the synthesis of Bii-NixFeOs nanoparticles (x = 0.2-0.8), initial precursor
materials such as [Bi(NOs)3.5H20, 2 99.99% purity, Sigma-Aldrich], Nickel (II) nitrate hexahydrate
[Ni(NOs)2.6H20, 99.92% purity, Sigma-Aldrich], and Iron (Ill) nitrate nonahydrate [Fe(NOs):.9H:0,
99.99% purity, Sigma-Aldrich, USA] were considered. In addition, the NaOH pellets were taken
which acts as themineralizer, stabilizing the pH, facilitator for dissolving the materials, precipitation
of reactants etc., during the BNFO crystal growth process. As a whole, the reaction kinetics will be
influenced by NaOH solution. The preparation of BNFO nanoparticles is similar to the method
provided in the literature [41,42]. A stepwise procedure for thesynthesis is depicted in Figure 1. The
precursors were first dissolved and stirred for 2 h to obtain a delicious BNFO solution. The NaOH
solution was poured into it during the stirring process. Therefore, the reactive atmosphere among
the participants gets developed in the BNFO solution. From this solution BNFO nanoparticles were
prepared using autoclave process and centrifuged to remove the water content. After the
centrifugation process, the remaining sampleis heated at 50 °C for 2 h to expel the moisture from the
nanoparticles. The powder obtained in such a way was grinded well using agate mortars and made
into pellets using hydraulic press by applying the pressure ranging from 2 tons. The resultant
powder, and pellets are characterized using the X-ray diffractometer (Bruker XRD, wavelength of
Cuka = 0.15406 nm), Field-emission scanning electron microscopy (Ultra 55 FE-SEM, Carl Zeiss),
Transmission electron microscopy (TEM, Model JEOL JEM 2100), UV-Visible spectrophotometer
(JASCO, V-670 PC), FT-IR spectrophotometer (IR affinity-1, Shimadzu), LCR controller
(HIOKI 3532-50) for studying the structure, microstructure, bandgap analysis, metal oxide bonds,
dielectric, conductivity, impedance, etc., of BNFO nanoparticles.

Biy Ni FeQ, (x=0.2-0.8) (BNFO) nanoparticles: Hydrothermal approach
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Figure 1. Process involved in synthesis of Bii-xNixFe Os (x= 0.20-0.80) nanoparticles.
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3.Result and discussion

Figure 2 shows XRD patterns of BNFO nanoparticles. These samples with x=0.20, 0.60 and 0.80
show high crystallinity pertaining to (104), and (110) reflection planes. The x = 0.4 reveals the same
consisting of the low intensity. Herein, the XRD patterns, the intensity is depending on the number
of crystallites undergoing diffraction when compared to the Cuxa wavelength. These crystallites are
smaller in number in the case of x = 0.4 while they are at larger extent for therest of the samples. The
maximum intense peak is expressing the slit behavior.It is the most common nature of compounds
wherein; the trivalent element is present in the system. Owing to the presence of trivalent element,
the microstrain gets developed leading to the peak splitting behavior pertaining to the second
reflection plane. Similar observations arenoticed in literature [43]. According to Shannon Ionic radii
information [44], it is confirmed that cations involved in BNFO system have an ionic radius of
0.096 nm [Bi®], 0.072 nm [Ni2*], 0.064 [Fe3*] nm and 0.063 nm [Fe?*]. It is evident from this data that
upon doping theNi into the perovskite BF system, the Ni2* cations cannot occupy the Bi position due
totwofactors. Oneis thehuge ionic radii difference (25% variation) which can develop the fluctuation
of thesitehaving unstablestructure (theless tolerance factor), and the other one is, valency mismatch
(+3 and +2). Therefore, the probable occupancy goes to ferric ions (Fe3*). The reason is that the ionic
radii of ferric, and nickel cations are havingsmall variation, and hence, the chances are very high to
occupy the ferric ion site with the nickel ions. However, the occupancy can expand the lattice site’s

dimensions which increases lattice constants and unit cell volume.
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Figure 2. XRD patterns of Bii-xNixFe Os (x= 0.20-0.80) nanoparticles.

Practically, it is seen in Table 1. The lattice parameters demonstrate that the BNFO structure is
rhombohedral (trigonal) including few secondary phases of BizFesOy (indexed by * symbol) (JCPDS
file No. 25-0090). The formation of a secondary phase is a common phenomenon in the case of

multiferroic perovskites pertaining to the trivalent element as one of the elements as reported by
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Nadeem et al. [32]. The primary phases are on par with the BFreflection planes as indicated in JCPDS
file No. 71-2494. The lattice constants and unit cell volume parameters of BNFO nanoparticles are
determined using unit cell softwareand shownin Table 1. The values increased from 5.571 to 5.581
A (a=b)and 13.875-13.882 A (c) with respect to Ni-content.”V’ is found to be increasingin a minute
manner ranging from 372.92 to 374.45 A3. The crystallite size value ‘D’ is calculated using Scherrer
equation [45]. The crystallite size is found for individual peaks, and at the end the average value is
taken and shown in Table 1. These results indicated the non-consistent D-values (45.5, 58.2, 52.9 and
69.1 nm). However, it reveals the inversely proportional relationship with change in FWHM, (or
strain 3:0.781,0.686,0.720 and 0.485) with increasein ‘x’. The X-ray density for x=0.20-0.80 is carried
out using the equation ox = (Z*CMW)/(N*V), in which Z is the net atoms per unit cell for trigonal
structure, CMW refers to compositional molecular weight and ‘N’ the Avogadro’s number. The value
decreased from 8.9 to 5.7 g/c.c., withrespect to’x’. This canbe ascertained by the decreasing trend of
compositional molecular weight from 250.77 to 160.60 drastically. Therelationship variation implied
a fact that the huge decrement is seen at high concentration of Ni. The surface area (S = 6000/(0x*D))
of nanoparticles is usually high, and noticed a decreasing trend from x =0.20-0.80 with a change from
33.6 t013.1 m%/g. The trend of the obtained results almost follows the similar trend asreported in the

literature [46—48].

The microstructureis examined via the FESEM, and TEM images as shownin Figures 3 and 4.
The FESEM of x = 0.20-0.80 reveals high homogeneity, well defined nanosized grains (almost), and
few small sharp structures inside the morphology. Theincreasing Ni-content addressed the evolution
of some flat fiber kind of structures which occur owing to the presence of trivalent cation. The
presence of trivalent ions can induce vibrations among the grains and further leads to the
development of the nucleation process as mentioned in the literature [49]. Afterwards, linear
intercept method is used to deduce mean grain size (Ga) [46].In this method, the test lines (6 in this
work) are drawn for the FESEM image of each sampleand counting of grains that intersect with the
test line is done. After this, values are substituted in the equation to get grain size. Grain size is
averaged for all test lines and displayed in Table 1. Results indicated that the variation is not
monotonic, but a similar trend is found in the crystallite size as a function of Ni-content. As result,
thevalues areidentified to bealteringbetween 129.3 and 186.8 nm. Anyhow, this kind of manner can
be usually attributed to the strain formed during the reaction process to form final compounds. The
TEM images, and electron diffraction patterns of BNFO nanoparticles illustrated the clustered like
nanoparticles demonstrating the existence of magnetic interaction among them. In general, the
multiferroic nanoparticles contain the magnetic interactions which can happen normally due to the
agglomeration of nanoparticles. Few of the flat nanostructures are seen even in TEM images which
resemble the FESEM analysis. The selected area electron diffraction patterns (SAED) show the
concentric circular rings having high intensity for almost all samples. The samples for x = 0.20, 0.60
and 0.80 offered high intensity of the electron diffraction patternswhile x =0.40 has little low intensity
which s already reflected in the XRD patterns. Thisimplies that there is a good agreement between
different characterizations supporting theresults obtained.
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Figure 3. FESEM images of Bi1-xNixFe Os (x=0.20-0.80) nanoparticles.
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Figure 4. TEM and SAED patterns of Bii-«NixFe Os (x=0.20-0.80) nanoparticles.

4. Materials and methods

Materials and methods should be described with sufficient details to allow others to replicate
and build on published results. Please note that publication of your manuscript implicates that you
must make all materials, data, computer code, and protocols associated with the publication available
toreaders. Please disclose at the submission stage any restrictions on the availability of materials or
information. New methods and protocols should be described in detail while well-established
methods can be briefly described and appropriately cited.

Research manuscripts reporting large datasetsthatare deposited in a publicly available database
should specify where the data have been deposited and provide the relevant accession numbers. If
the accession numbers have not yet been obtained at the time of submission, please state that they
will be provided during review.They must be provided prior to publication.

Interventionary studies involving animals or humans, and other studies require ethical approval
must list the authority that provided approval and the corresponding ethical approval code.
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Table 1. Structuraland physical parameters of BNFO nanoparticles.

X 0.20 0.40 0.60 0.80

D (nm) 45.5+0.624 58.2 +0.841 52.9 +0.794 69.1+0.386
a=b(A) 5.571 5.576 5.579 5.581
c(A) 13.875 13.878 13.880 13.882
FWHM (B) 0.781 0.686 0.720 0.485
V (A3) 372.92 373.67 374.13 374.45
CMW (g/mole) 250.77 220.71 190.65 160.60
ot(g/c.c.) 8.932 7.845 6.769 5.697
S (m2/g) 33.60 19.10 14.80 13.10
Eg (eV) 2.928 2.541 2.334 2.723
Ga (nm) 130.8 186.8 129.3 138.3

The function of reflectance (F(r) = 0.5(1-r)%r, r = reflectance) or Kubelka-Munk function is
calculated for the data received from UV-Visible spectral studies of BNFO samples. The absorption
coefficient (a) is calculated by considering the direct proportional relationship with the function of
reflectance. Therefore, the F(r) is taken as «, and furthermore, the Tauc’s plots are drawn as shown
in Figure 5. The plots are drawn between hv versus (ahv)2using the equation: (cthv)r = m((hv-Eg). In
case of direct transition, exponent n equals to 2 while the direct forbidden reveals n = 2/3, and the
indirect transitions express n = 1/2 [46—48]. In case of BNFO, the n-value for direct transition is
considered. In the Tauc’s plots, it is seen that the linear portion is extrapolated towards the hv-axis.
The intersecting point of the axis demonstrates the E; value. As per the obtained results ‘Eg for
x = 0.20-0.60 decreased from 2.928-2.334 eV while for x = 0.8, it increased to 2.723 eV. The BNFO
samples are of nanoin nature pertaining to thelarger number of defects/oxygen vacancies. These can
trap the electrons, and therefore, the delocalization of electrons takes place. With increase in
Ni-content, the delocalization of electrons seemed to have increased leading to the decrease of
bandgap from x = 0.20 to x = 0.60 while increased for x = 0.80, owing to decrease in oxygen
vacancies [46]. The FTIR spectra of BNFO nanoparticles are recorded as shown on Figure 6. The
spectra of x = 0.20-0.80 shows the formation of several absorption bands (Table 2). For x = 0.20, 0.40,
0.60 and 0.80 bands/peaks are shown at 769.23, 1055.3, 1380.6, 1651.4 and 3595.3 cm-1, 706.7, 1063.3,
1380.6, 1435.1, 1473.5,1620.9 and 3440.71 cm-!, 815.7,1055.3, 1372.6, 1481.6, 1636.2 and 3595.4 cm,
and 691.5, 1070.5, 1388.6, 1411.9, 1488.7, 1628.2 and 3424.7 cm™!, respectively. The bands formed
around 400-500 cm! are the indication for the formation of metal oxide bonds like Bi-O, Ni-O and
Fe-O. The bands varyingbetween 691.5 and 815.7 cm' can be attributed to the formation of secondary
phasestructures in the BNFO perovskite system. Similar kind of observation is found in theliterature
elucidating the secondary phase structure from the FTIR spectral study [50-56]. Likewise, the peaks
formed between 1055.3 and 1070.5 cm™! arealso an indication for the secondary phase structure [50].
The formed bands between the wavenumbers 1372.6-1388.6 cm™! and 1411.9-1488.7 cm™l, are
associated with O-H bond bending vibrations that arise from atmospheric OH-absorption of BNFO
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nanoparticles [50]. Further, the peaks developed at the range of 1620.9-16514 cm™ and
3424.7-3595.4 cm! are due to O-H stretchingand bending vibrations of H2O molecules absorbed by
the samples [50].
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Figure 5. Tauc’s plots of Bii-xNixFe Os nanoparticles.
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Figure 6. FTIR spectra of Bii-xNixFe Os (x=0.20-0.80) nanoparticles.

Table 2. FTIR spectral peak positions of Bii-«NixFe Os (x= 0.20-0.80) nanoparticles.

X Wavenumber of vibration bands (cm-1)
0.2 769.23, 1055.3, 1380.6, 1651.4, 3595.3
0.4 706.7, 1063.3, 1380.6, 1435.1, 1473.5, 1620.9, 3440.71
0.6 815.7, 1055.3, 1372.6, 1481.6, 1636.2, 3595.4
0.8 691.5, 1070.5, 1388.6, 1411.9, 1488.7, 1628.2, 3424.7
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The electronic properties of BNFO nanoparticles are studied by evaluating dielectric
constant (¢'), dielectric loss (¢"), ac-electrical conductivity (oac = €oe"w), dielectric modulus (M') and
imaginary part of dielectricmodulus (M") as a function of log w at room temperature. Figure 7 shows
the plots between ¢'-log w and ¢"-log w for BNFO nanoparticles. The dielectric constant versus
frequency plots conveys the high magnitude of dielectric constant at low frequencies ranging
between 100 and 1 kHz. This kind of manner can be ascribed due to the grain boundary effect having
high resistivity at this momenti.e.,, according to double layer theory/Koop’s theory [57]. This induces
the formation of several dipoles at the boundary leading to high polarization. Subsequently, the
dielectric constant as well as dielectricloss get increased. Thisis elucidated by Maxwell and Wagner,
and hence this polarization was known as Maxwell-Wagner interfacial polarization [58,59]. Similar
kinds of mechanisms are discussed by Hiti [60], in the case of spinel ferrites. As we go for higher
input field frequencies, the dielectric dispersion takes place. Then, the accumulation of charge carriers
gets disturbed, and hence, it leads toa decrease of polarization and mostly prefers to the development
of electrical conductivity. A similar approach is noted in the literature [61-63]. The plots reflect the
fluctuated kind of data points. It can be attributed to the existence of little moisture, defects etc., in
the BNFO samples as reported in the literature [64-66]. Figure 8 depicts the log ac-electrical
conductivity versus log w for which even the power law fit is done. This fitting provides the
information related to the frequency dependent conductivity term pertaining to the two terms as
frequency dependent, and frequency independent like this: gac (0, T) = 0ac (T) + Aw" (w), wherein, the
odc (T) is frequency independent or temperature dependent term and Aw® (w) is the frequency
dependent/temperature independent term [67-69]. The temperature dependent conductivity
indicates the dc-conductivity values of x = 0.20-0.80 as listed in Table 3. Likewise, the frequency
dependent term is the ac-conductivity value having the exponent ‘n’ value. Usually, the exponent
must beless than unity. This discloses theratio of backhop rateto that of the siterelaxation rate. That
is, in the case of the exponent less than the unity, the frequency-dispersive AC-conductivity due to
hopping the M'-log w and M"-log w plots (Figure 9) Z' versus Z" plots (Figure 10) are incomplete
relaxation innature. This establishes the fact that the carriers have weak relaxation strength and move
for longer distances [70-72]. The perovskite materials with different electrical, sensing and other
properties are investigated and they are in comparison with literature [70-73].If the assumed arcis
provided to the Z' versus Z" plots (Figure 10), the center of the arclies below the real axis which

justifies the presence of non-Debye relaxation as shown in the literature[73].
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Table 3. Dielectric, conductivity and impedance of BNFO nanoparticles.

X f (MHz) €' e" logoac M M 7' (Q) 7" (Q)
6 10.2 1.3 -3.3961 0.09686 0.01231 458.413  -3982.40
0.2 7 10.0 1.2 -3.1953 0.09533 0.01597  419.664  -3498.83
8 9.9 1.57  -3.1694 0.09658 0.01499  410.642  -3018.01
6 11.2 015  -4.3436 0.08958 0.00117  15.6327  -3727.52
0.4 7 12.5 0.003  —4.6550 0.08293 4.08 x10+ 51.3848  -2801.45
8 13.8 023  -3.9995 0.07385 0.00127 223674  -2417.70
6 9.4 0.66  -3.6851 0.10584 0.00748  211.373  -4518.92
0.6 7 9.2 057  -3.4250 0.10709 0.01169  339.008  -3829.19
8 9.1 0.66  -3.5485 0.10453 0.0072 177.238  -3398.50
6 16.0 1.56  -3.3147 0.06206 0.00606  247.661 -2617.04
0.8 7 16.2 134  -3.2833 0.06183 0.00538 193.726  -2140.77
8 16.4 1.66  -3.1444 0.06006 0.00606 157905  -1887.26
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Figure 9. Frequency variation of real and imaginary parts of complex dielectric modulus for
Bii-xNixFe Os (x = 0.20-0.80) nanoparticles.
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Figure 10. Cole-Cole (Nyquist) plots of Bii-xNixFe Os (x = 0.20-0.80) nanoparticles.

5. Conclusions

Low temperaturehydrothermal processis used in order to synthesize the BNFO nanoparticles.
The XRD analysis confirms therhombohedral crystal structure with the high crystallinity pertaining
to the (104), and (110) reflection planes of BF, and the secondary phases are related to the BizFe:Oo.
The lattice constants are found to be enhanced from 5.571-5.581 A (a = b), and 13.875-13.882 A (c) as
a function of Ni-content. Besides, the X-ray density is decreasing from 8.932 to 5.697 g/c.c., with’x’".
The examination of microstructure confirms that the average grain size varies between 129.3 and
186.8 nm. This manner is not monotonic and can be attributed to the strain formed during thereaction
process to form final compounds. The TEM shows the existence of BNFO nanoparticles, and the
SAED patterns support the formed XRD patterns having concentric circular rings like intense spots.
The bandgap E; values decreased from x = 0.2-0.6 from 2.928-2.334 eV while by x = 0.8, it increased
to 2.723 eV. However, the bandgap range is wide, and hence the optoelectronic applications can be
expected with the BNFO samples. The bands formed between 400 and 500 cm-!are due to metal oxide
bonds like Bi-O, Ni-O and Fe-O. The bands formed at 691.5-815.7 cm! can be attributed to the
formation of secondary phasestructures in the BNFO perovskitesystem.The x = 0.4 reveals the high
dielectric constant (11.2-13.8), and low dielectric loss (0.003-0.23). On the other hand, x = 0.8 shows
the high dielectric constant (16-16.4), and high dielectric loss (1.34-1.66) at 6, 7 and 8 MHz
frequencies. These results at high frequencies confirmed that the x = 0.4 sample may be considered
for charge stored capacitor applications while the x = 0.6 offers the dielectric absorber applications.
Further, the log o« values are found to be —6.786, —6.539, -6.707 and -4.538 for x = 0.20-0.80,
respectively.
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