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1. Introduction 

In the past few decades, there has been a substantial im-

provement and innovation made in the preparation of fer-

rite materials for numerous applications. Preparing a sin-

gle compound of nanoparticles like CuO, ZnO, NiO, FeO, 

etc., has only a limited application. If these compounds are 

grouped by means of physical, chemical, electrochemical, 

or by some other means of techniques as a complex for-

mation of ferrites, it becomes more effective in terms of 

the enhanced properties, including magnetic, dielectric 

behaviour, etc. [1]. There are reports available on the syn-

thesis of nickel ferrites by various methods for a focused 

application in the field of nanotechnology, medicine, drug 

delivery, etc. In general, nickel ferrite is a multifunctional 

material because of its ferromagnetic property and high 

electrochemical stability; it was used in magnetic-based 

measuring devices. Because of its superparamagnetic be-

haviour, it was used in magnetic fluids, photo magnetic 

materials and microwave devices [2]. The behavior and 

property of the material can be varied based on the meth-

od of preparation and annealing temperature for instance, 

a study on the influence of the preparation method in the 

structural and magnetic properties of nickel ferrite by sol-
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gel and co-precipitation method revealed the difference in 

the magnetic behavior of the sample annealed at 400 ºC 

and 600 ºC temperatures posed super paramagnetic and 

lesser sized ferromagnetic performance [3]. A report on 

nickel ferrite -SiO2/Ag core/shell nanocomposites exhibit-

ed a stable electrochemical behaviour [4]. An investigation 

of annealing temperatures for controlling the particle size 

of nickel ferrite compound synthesised by the wet chemi-

cal route was reported [5]. Usually, a single metal-based 

metal oxide was applied for the plant growth to improve 

the crop productivity. Some of the notable toxic metal ox-

ides are iron oxides, zinc oxide, nickel oxide, and boron-

related. In a recent study, green synthesis of zinc ferrite 

mediated by Petroselinum Cripsum was reported, and the 

synthesised sample was tested in plant species like wheat, 

Triticum Vulgare. L and found that application of zinc fer-

rite on these plant species showed a lower cytotoxicity [6]. 

The effect of calcination temperature also plays a vital role 

in modifying the size and shape of the particles to be pre-

pared [7]. If the calcination temperature is low, there is a 

possibility of the addition of contaminants /impurities 

from the starting organic/ inorganic materials, which re-

duces the reactivity of the particle, and it has been report-

ed in the literature [8]. All these available studies give the 

impression that bimetallic oxides can be produced by vari-

ous methods and processes, which can alter or modify the 

properties of the desired sample and which can be used 

for various applications based on their enhanced proper-

ties. Here in this experimental study, we report the one-

step chemical route synthesis of nickel ferrite nanoparti-

cles for microelectronic applications. The results obtained 

based on the magnetic measurements by VSM analysis and 

the optical and dielectric measurements performed in this 

sample exhibit its ability to be used in microelectronic de-

vices.  

2. Experimental Procedure 

2.1. Materials and Method  

In this experimental study, the method utilised is a one-

step chemical route in which the starting materials 

solution was prepared separately using distilled water, 

sulphuric acid, and mixed straight to initiate the reaction 

process. Nickel nitrate hexahydrate and iron oxide were 

used as the precursor and the dopant material to 

synthesize nickel ferrite, and no precipitating agent was 

used in this study.  

2.2 Synthesis of NiFe2O4 nanoparticles 

NiFe2O4 nanoparticles were prepared by a direct one-step 

chemical route method. One mole of nickel nitrate was 

dissolved in distilled water to prepare a 0.5 mole iron 

oxide solution, which was mixed and stirred well in a 

magnetic agitator for 6 hours in the laboratory at ambient 

temperature. The pH of the solution mixture was 

maintained at 10 to get the desired morphology of the 

sample as per the previous literature. After continuous 

stirring, a dark brownish-colored sediment was observed. 

The liquid precipitate with a pale brown colored solution 

was centrifuged at 10000 rpm, washed thrice with 

deionised water to eliminate the impurities produced 

during preparation. The centrifuged sample was kept in 

the hot air oven for 4 hours at 180 °C for the drying 
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process. The dark reddish-brown powder obtained from 

the sample was calcinated in the furnace at 800 °C  for 4 

hours. The final powder was ground to a uniform size and 

used for the characterisation studies. 

3. Results and Discussion 

3.1. X-ray diffraction studies  

NiFe2O4 nanoparticles prepared by the one-step chemical 

route method were examined for their structural charac-

teristics by using an X-ray diffractometer in the 2θ range 

10° to 80°. The obtained pattern of the XRD with good in-

tensities of strong diffractions of the NiFe2O4 is shown in 

Fig. 1. 

 

Fig. 1. XRD pattern of NiFe2O4 nanoparticles 

 The observed strong diffraction peaks with the (hkl) val-

ues in the planes (111), (122), (220), (311), (400), (331), 

(440) and (422) were perfectly matched available diffrac-

tion standard (JCPDS card no: 10-0325) and the crystalline 

structure was found to be cubic phase [9] and the average 

particles size of the prepared sample was found as 47 nm 

by using Debye Scherrer’s formula. The presence of strong 

diffraction peaks with high intensity indicates the crystal-

line nature of the synthesised sample, which is attributed 

to the calcination temperature and serves as an indicator 

of the formation of the zinc ferrite compound [10-12], as 

reported in the previous literature. 

3.2. FTIR spectroscopic analysis 

 

Fig. 2. FTIR spectrum of NiFe2O4 nanoparticles 

To identify the chemical bonding and functional groups 

present in the prepared NiFe2O4 nanoparticles, the FTIR 

spectrum of the synthesised sample was measured, and 

the functional groups were analysed in the wavelength 

region of 200 cm-1 to 2500 cm-1. The recorded FTIR as 

shown in Fig. 2. The synthesized NiFe2O4 nanomaterial 

which was calcinated at 800 °C revealed the strong 

absorption peaks in the fingerprint region at 536 cm-1 and 

471 cm-1 which confirms the formation of NiFe2O4 

nanoparticles [13] and it is due to the overlapping of the 

tetrahedral band in A site and octahedral band in B sites of 

the sample produced a stretching vibration within the 

molecules. Also, in this examination, the nonexistence of 
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the peaks between 1000 - 2500 cm-1 and above 3000 cm-1 

authenticates the absence of O-H, C-O and C=H vibrational 

bonds of organic substances [14-16]. The unwanted 

impurities and the nitrites/nitrates or any possible 

contaminants produced during the reaction from the 

starting material were completely removed by the high 

calcination temperature. 

3.3. UV-visible spectroscopic analysis  

 

Fig. 3. (a) UV-vis spectrum of NiFe2O4; (b) Tauc plot of 

NiFe2O4 nanoparticles 

NiFe2O4 nanoparticles prepared by the chemical route 

method were analysed using the UV-vis spectroscopic 

technique. The absorption spectrum was recorded in the 

wavelength domain 200 nm – 800 nm as shown in Fig. 3(a-

b) [17]. It is observed that the spectral signature for the 

sample shows an increase in absorption intensity and no 

shift in the wavelength. The change in the intensity of 

absorption at 270 nm and 363 nm shows the formation of 

the bonds between the nickel and iron [18]. Even though 

considerable variation in the peak absorption position of 

NiFe2O4 nanoparticles with particle size was observed, the 

cut-off wavelength was observed at 198.67 nm. Based on 

the level of the absorption band, the Tauc plot and using 

the relation Eg = hc/λ, the band gap was calculated as 5.22 

eV. 

3.4. Morphological studies  

 

Fig. 4. SEM image of NiFe2O4 nanoparticles 

The SEM images exhibit an agglomerated group of large 

and tiny spherical nanoparticles and are shown in Fig. 4. 

The small size of particles leads to high-energy 

agglomeration due to their high surface energy [19]. The 

particle distribution is almost homogeneous and spherical 
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with an average size of 20-60 nanometers. The effect of 

calcination temperature plays an important role in the 

configuration of nano-sized ferrite particles [20]. There 

are reports available in the literature that if the calcination 

temperature is low, the formation of particles is less and 

has a reduced reactivity. In this study, we have calcinated 

the sample at 800 °C, which modified the sample and an 

almost even spherical distribution of particles was 

obtained.   

3.5. Electrochemical Properties  

3.5.1 Complex impedance analysis  

Impedance analysis is a significant and unique tool for 

establishing the dielectric properties of the ferrite 

materials. Fig. 5(a-b) shows the change in the complex 

impedance behaviour of the real part and the imaginary 

part of the impedance with the frequency of the 

synthesised NiFe2O4 nanoparticles. From the plot of the 

real part, it is evident that the impedance decreases with 

rising frequency for the entire range of temperatures and 

follows a straight curve in the high-frequency region. 

Temperature effects in the performance with respect to 

the applied electric field, especially at low temperature, 

impedance is maximum and at high temperature, the 

impedance value is minimum, which can be due to the 

effect produced by the polarisation of charge carriers in 

the space between the materials and the electrode [21-23]. 

A similar trend is followed for the case of the imaginary 

part. Fig. 5(c) illustrates the frequency and temperature-

dependent of the superposed imaginary and real parts of 

the impedance of NiFe2O4, in which two overlapping 

semicircles were obtained for the high temperature.  

 

Fig. 5. (a-b) Real and imaginary part of impedance vs 

frequency; (c) Complex impedance analysis 
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The decentralisation of the overlapped semicircles is due 

to the one electrical conductivity mechanism of the ferrite 

material. At the low-frequency region at high 

temperatures with a smaller diameter, the electrode 

dielectric material interface, which creates the hopping 

motion of the charge carriers between the ions, 

contributes to the grain boundary and high conductivity 

[24]. 

3.5.2 Permittivity 

 

Fig.6.Variation of real and imaginary parts of 

permittivity with frequency 

The permittivity of the synthesised NiFe2O4 sample with 

frequency as shown in Fig. 6(a-b). In general, permittivity 

is a thermodynamic function that depends on the 

frequency. From the plot, it was observed that in the case 

of the real part, there is an increasing trend in the low 

frequency region and a decreasing trend in the mid 

frequency region, and it may be the ability of the 

deformation and the relaxation polarizability, which 

decreases the number of dipoles. A constant trend 

observed in the high frequency region is due to the rapid 

polarization which was explained based on the Maxwell-

Wagner interfacial polarisation [25]. The distribution 

varies with temperature. At low frequencies, it is due to 

ionic relaxation, at the medium frequencies, it is due to 

dipolar relaxation, and at high frequencies, it is due to 

atomic and electronic resonances.  

3.5.3 Resistivity and ac conductivity at different 

temperatures 

The resistivity and the ac conductivity of the sample 

NiFe2O4 are shown in Fig. 7. From the result, it was noted 

that the resistivity decreases almost exponentially with 

increasing frequency of the field applied to the sample. 

And this can be attributed to the increasing effect of the 

multilayer capacitor according to Koop’s theory. It is 

completely zero at high temperature (150 °C) in the entire 

frequency range. For medium temperature (90 °C and 120 

°C), it was maximum and reached a low value with 

increasing frequency. At low temperatures (30° and 60 °C), 

the samples possess high resistivity and approach a 

minimum in the high frequency, and this type of 

unpredictable change in the resistivity can be due to the 

cation’s replacement and redistribution of Fe and Ni in 

their sites, and a narrow independent of temperature and 

frequency was observed at high frequencies [26].  
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Fig. 7. Variation of resistivity and conductivity with 

applied frequency 

In the case of conductivity, it was observed that the sample 

possesses high conductivity at high temperature in the 

entire frequency range, whereas at low temperature, the 

conductivity of the sample starts to decrease from the high 

frequency and approaches a minimum at the low 

frequency.  

This poor conductance dependence on frequency, 

obstinately, the strong dependence of temperature 

suggests that ferrites are made up of well-conducting 

grains surrounded by poorly conducting boundaries of 

grains, which are more active in the low frequencies due to 

the weak electron hopping 

3.5.4 Dielectric constant and dielectric Loss 

Dielectric constant and dielectric loss of the synthesised 

sample are shown in Fig. 8.  

 

Fig. 8. Dielectric constant and dielectric loss of NiFe2O4 

nanoparticles 

From the plot, it was observed that the dielectric constant 

is very high at low frequencies, which can be due to the 

interfacial dislocations, creation of oxygen vacancies, 

charged defects, space charge polarisation of 

heterogeneous dielectric structure. The decreasing trend 

of the dielectric constant is rapid in the low frequency 

region and becomes slower at the higher frequency region, 

and approaches frequency-independent behaviour. Also, it 

may be due to the higher conductivity phase in the matrix 

boundaries of the dielectric [27]. Also, the dipoles do not 
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follow the rapid variation of alternating fields. The 

dielectric loss curve showed a rapid decrease in the low 

and mid frequencies at high temperature. In the high 

frequency region, it almost becomes frequency 

independent, and this may be due to the domain wall 

motions being inhibited, and the forced magnetisation 

changed the rotation. This variation in dielectric loss is 

attributed to the concept of space charge polarisation, and 

high temperature of loss arises due to the macroscopic 

distribution of charges [28].  

3.5.5 Phase Vs Frequency  

 

Fig. 9. Phase vs log F of NiFe2O4 nanoparticles 

The dielectric phase angle θ is the angular difference in 

phase between the alternating potential difference applied 

to a dielectric and the component of the resulting current, 

which is generally called as the Bode plot, which explains 

the absolute impedance and phase angle of the synthesised 

sample [29]. Change of phase angle with the frequency of 

the sample NiFe2O4 is given in Fig. 9. From the results 

obtained, it was observed that the change in the phase 

angle decreases towards zero at high temperature. It may 

be due to the change in the bias voltage, which would 

change the distribution of interface states at the interfaces 

and therefore a shift in the capacitance and phase angle. 

3.6. Magnetic properties using VSM study   

 

Fig. 10. The ferromagnetic behavior of NiFe2O4 

nanoparticles 

The magnetic studies of the synthesised nickel ferrite 

sample were carried out using a vibration sample 

magnetometer at room temperature. Fig. 10 shows the 

hysteresis curves of NiFe2O4 nanoparticles synthesised by 

a one-step chemical route method [30,31]. It showed a 

smaller width hysteresis curve with sharp edges at both 

ends. The magnetic measurements revealed the nature of 

the sample and the various parameters calculated, and are 

found to agree with the previous literature, which 

showcased the determined values [32,33]. Saturation 

magnetisation (Ms) was found to be 33.025 emu/g, the 

remanent magnetisation was found to be 5.63 emu/g, and 

56 Oe [34]. The calculated parameters and the behaviour 
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of the sample indicate the ferromagnetic behaviour [33-

35]. 

4. Conclusion  

In summary concluded that nickel ferrite was successfully 

prepared by the one-step chemical route method. The 

structural and morphological studies were carried out 

using XRD and SEM measurements. The presence of Ni and 

Fe-O bonding was confirmed by using FTIR spectroscopy 

with robust absorption bands at 536 cm-1 and 471 cm-1. 

The optical bandgap (Eg) was calculated as 5.22 eV using 

the UV-vis spectroscopic studies. Electrochemical 

properties like dielectric constant, dielectric loss, 

impedance, permittivity, conductivity, resistivity, and 

phase change were studied and measured using dielectric 

measurements. From the results based on the morphology, 

dielectric studies and magnetic studies of the sample, this 

material can find suitable applications in microelectronic 

devices. 
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