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Abstract: Nickel ferrite of chemical compositions Nii.xMgxFe-O4 (where x=0.0, 0.25, 0.5, 0.75 and 1.0 with 0.25 variation) nano-
crystalline materials were prepared using citrate-gel auto combustion route. The prepared sample’s crystalline size and phase was
confirmed by XRD, and the crystalline size was determined to be 26 to 28 nm using the Debye-Scherrer equation. The variations
in lattice parameter of the samples indicates that it obeys Vegard's law. X-ray density of the sample found to be 6.58 to 5.10 gcm-
3. The SEM pictures show aggregated objects and particles that are in the nanometer range. According to stoichiometric ratio,
elements are present (nickel, magnesium, iron, and oxygen) which confirmed by elemental dispersive spectroscopy (EDS). There
are two FT-IR bands found in the FT-IR spectrum, that correspond to the stretching frequencies of the octahedral (v2) and
tetrahedral (vl) bands. The optical absorption spectra revealed the decrease of cut-off wavelength and increasing trend of band
gap energies. AC conductivity measurements revealed the increment of conductivity with an applied frequency and the Cole-Cole
plots were resulted in the decrease of bulk resistance.
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l. INTRODUCTION

Researchers have been attracted with magnetic nanoparticles for the past 20 years due to their adaptive and unique properties at
extremely small dimension scale [1-3]. These materials may be employed in a variety of technological applications, including as
sensors, biomedicine, the automotive industry, cooling systems, data storage, and converters. They also exhibit good magnetization,
resistivity, and permeability [4]. Magnesium ferrite nanoparticles are among these magnetic materials as basically ferrites employed
in a variety of applications because of their compositional and mechanical stability, great magneto crystalline anisotropy, Curie
temperature, and high electrical resistivity [5, 6].

Due to their unique characteristics, the processes of synthesis, production, sintering, and control over the form and size of the
particles may be adjusted. The sub lattices of tetrahedral (A-site) and octahedral (B-site) crystals, which make up the standard
formula for spinel ferrites, are AB,O4 and AB,Os, respectively. 16 trivalent and 8 divalent metal ions are combined to form the
spinel unit cell, which is tightly packed in a FCC shape [7, 8]. The magnetic, electric, and optical properties are determined by the
ratio of cation occupancy in A and B sites. Zinc and Fe®* choose site B in Co ferrite, but most Fe3+ seek to conquer position A.
Ferrites are ferrimagnetic substances with low dielectric loss and strong dielectric permittivity at various temperatures. These ferrite
materials are also utilized in electric communications applications [9]. Grain size and grain boundaries are key factors in electrical
characteristics, particularly in nanoferrite materials.

Spinel ferrites (MgFe,Oa) are showing special interest and play a significant involvement in various applications due to its
higher values of density, sensor application, photo-electrical properties. These materials can be used in the circulators, phase-
shifting elements and also isolating elements. The optical properties of the MgO doped nickel ferrites are found good results.
Nickel ferrite nano particles doped with MgO show excellent adsorption, opto-electrical related applications and also good
bioactivity. In the current investigation, the MgO acting like a dopant and also nickel varying with respect to the dopant. The
addition of MgO influences the original sites and the dopant occupies the site of host. The optical, structural and conductivity
results are dependent on the modifier. The optical spectral analysis deals with different transitions in a materials.

Materials with smaller grains will have more pronounced grain boundaries. As a result, electron hopping between ions won't
occur, boosting the resistivity and lowering material loss. Nickel ferrites and nickel ferrites doped with rare earths are of special
interest to synthesis researchers due to their low cost and high curie temperature [10]. The present study, explores the synthesis of
nickel magnesium ferrites Nil-xMgxFe204 nano ferrites and to study the effect of dopant MgO on the structural, physical &
optical properties, morphology and AC conductivity studies for suitability of the present NFs for multiple applications.
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I1. Experimental studies

Synthesis

The technique used was the citrate auto combustion method using a succession of NiixMgxFe,O4 (where x=0.0, 0.25, 0.5, 0.75
and 1.0 with 0.25 variation) nano ferrites. Metal nitrates including Ni nitrate, magnesium nitrate, and ferric nitrate were each
separately dissolved in deionized water in stochiometric amounts. Citric acid was utilised as a chelating agent in a 1:3 ratio,
followed by the formation of a homogenous solution, the dropwise addition of ammonia solution to the homogenous solution to
preserve PH-7 neutrality, and through stirring of the solution on a magnetic stirrer. After being heated to a temperature of around
800C, the whole solution was reduced to one-fourth of its initial volume. Temperature was then increased from 80°C to 150°C
heated for an hour, causing a viscous gel to develop. The resultant ignited powder was then self-ignited and pounded in an agate
mortar and pestle for at least 20 minutes. Residual substance from the furnace was crushed again in an agate mortar and pestle for
one hour before being calcined for four hours at 5000C [11]. The powder was then analysed for structural conformation. The
synthetic process stated in Fig.1 flow chart.

PREPARATION OF NANOPARTICLES PROCESS

NiNitrate Mg Nitrate FeNitrate Citric acid
solution solution solution solution
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Citrate Nitrate Mixture
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L]
‘ Ni-Mg nano ferrite powder ‘

Fig.1. Flow chart for the preparation of nano particles

Characterization

The density was estimated through Archimedes method with Xylene as an immersion solvent. The optical spectra were
recorded at room temperature in the wavelength range 200-1000nm with a resolution of 2nm. The frequency-based AC
conductivity was analyzed using Jonscher power law and it was measured as a function of applied frequency and also with
increasing temperature.

I11. Results and Discussions

3.1 XRD studies of Ni-Mg nano-ferrites

The most common method for identifying a material's crystalline nature is X-ray diffraction examination. The crystalline
structure of formed nanomaterials may be examined via a powder x-ray diffraction examination. Fig 2.indicates the X-ray
diffraction pattern of Ni;xMgxFe,O4 (where x=0.0, 0.25, 0.5, 0.75 and 1.0 with 0.25 variation) spinel nano ferrites. According to
Fig.2 the powder X-ray diffraction (PXRD) pattern of Mg doped Ni Nano ferrites shows that the materials have a spinel structure
and are crystalline, free of other impurity peaks [12].
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Fig.2. XRD pattern of Ni1.xMgxFe204 (where x=0.0, 0.25, 0.5, 0.75 and 1.0) spinel nano ferrites

An additional peak at 380 and 430 may be seen in the XRD pattern of Ni-Mg micro ferrites. The Ni-Mg Nano ferrite's XRD
pattern exhibits Bragg reflection, a sign of its crystalline structure. The crystalline size, lattice constant, unit cell volume, and x-ray
density of the samples were examined through x-ray diffraction examination. The Debye Schemer formula was used to determine
the average crystalline size (I) of Nii-xMgxFe;O4 (where x=0.0, 0.25, 0.5, 0.75 and 1.0 with 0.25 variation) nano ferrites samples
[13].

0.941

Crystalline size(l) =

Where A = Wave length
= Full width half maxima
© = Braggs angle
On magnesium ferrite, the crystalline size was found to vary between 26 and 28 nm, and it was increased as increasing dopant
content of Mg. The ionic radius of Mg is the cause of the samples' varied crystalline sizes. The following formula gives the lattice
parameter for the synthesized Ni;xMgxFe04 (Wwhere x=0.0, 0.25, 0.5, 0.75 and 1.0 with 0.25 variation) nano ferrites.

Lattice parameter a = dVh?+k? +12.................cooeenl. )

Where  h, k, | are miller indices.
As the doping Mg content on the Ni Nano ferrite lattice parameter was increased, the lattice parameter of the ferrite sample was
observed to rise from 7.79 to 7.83 AO. It might be because Mg's ionic radius.
Volume of unit cell of the samples obtained from the following given formula.

Volume of unitcell (V) =a® ............cc..ccccociii, (3)

Where a is a sample lattice parameter, the volume of unit cell changes from 473 to 480. All the materials x-ray densities are

calculated by the following formula.
M

x —ray density (d,) = N3
Where Z= No. of molecules per unit cell. For the samples it is 8
M= Molecular weight of samples.
a= Lattice parameter
Pure NiFe204 sample x-ray density found to be 6.57 gm/cm3, whereas MgFe204 found to be 5.10 gm/cm3. The molecular
weight and lattice parameter of the samples affect the X-ray density, which decreases with increasing Mg concentration. Pure Ni
ferrite sample has the maximum X-ray density. Table.1 contains the tabulated values for all the above-mentioned parameters.

3.2 SEM Analysis of Ni-Mg nanoferrites

A high-resolution type of microscope called a SEM provides detailed analyses of materials. A scanning electron microscope
may reveal the surface grains and grain boundaries of synthesized nanomaterials. SEM is a sophisticated method for understanding
the topography, crystallography, and morphology of nanomaterials. The FE-SEM images of Ni-Mg nano ferrites are shown in
Fig.3(a-c). All of the samples have agglomerated structures with irregularly distributed grain and grain boundary distributions. The
resulting agglomerated structures show that the particle distribution in the samples is not uniform [14, 15].
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Fig. 3. SEM images of Ni1.xMgxFe>O4 (where x=0.0, 0.5 and 1.0 with 0.5 variation)

3.3.EDS spectral analysis of Ni-Mg nanoferrites

EDS is a method of analysis used to ascertain the chemical composition of the samples as well as their elemental analysis. The
EDS spectrum graphs of Mg doped Ni nano ferrites are shown in Fig.4 (a-c). We can see from these spectral graphs that there are
just the elements Ni, Mg, Fe, and O present. According to stoichiometric ratio, these graphs also show the samples' atomic and
elemental percentages. Table.2 displays the atomic and elemental composition percentages that were provided.
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Fig.4. EDS graphs of Ni1.xMgxFe204 ( x=0.0, 0.5 and 1.0 with 0.5 variation)

3.4 FT-IR STUDIES of Ni-Mg nanoferrites

The functional group of the synthesized substance may frequently be determined from FTIR spectra. The alignment of chemical
bands, the cation distribution, and the creation of the spinal structure may all be examined using this spectroscopy. Metal cations
are deposited in the tetrahedral and octahedral sublattices of two sub-lattices of the ferrite structure. An FTIR spectrophotometer
with a range of 200-4000 cm-1 KBr was used as a reference at room temperature [16, 17]. The FTIR spectra of Nil-xMgxFe204
(where x=0.0, 0.5 and 1.0) nanoferrites are shown in Fig.5. Two broad peaks in the higher wave number area of 600 cm-1 and the
lower wave number region of 400 cm-1 were visible in these spectral graphs. The 400 cm-1 peak corresponds to the M-O band of
the octahedral site (B-site), while the 600 cm-1 peak is related to the stretching frequency of the tetrahedral site (A-site). While the
doping Mg content in Ni ferrite peak position may vary due to the variation of Mg2+ concentration and ionic radius.
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Fig.5. FT-IR spectrum of Mg-Ni nano-ferrites Ni;-xMgxFe2,04 (where x=0.0, 0.5 and 1.0 with 0.5 variation)

3.5 Optical parameters of Mg doped Nickel ferrites

The density of the Mg-doped nickel ferrites was increased with increment of dopant MgO in a linear way. Initial density was
found as 4.93 g/cm3. With increasing MgO, it was increased upto 5.36 g/cm3 as shown in Fig.6. In the Fig.7, the absorption spectra
of Mg-doped nickel nano ferrites was shown graphically. It is very clear that the cut-off wavelength of the spectra is decreasing
with the additive MgO content linearly. It varied in between 492nm to 469nm. The initial cut-off value of the pure sample is the
highest and dopant concentration results in the decrease of cut-off. The lowest cut-off value found for the high MgO dopant
concentration. The bridging oxygens will be enhance in the sample so that less randomness can be seen. It is reflected in the results
of Urbach energy [18]. The evaluated optical parameters were shown in the Table.3.

The indirect band gap (Eind) values of the MgO dopant nickel NFs were calculated with extrapolation the linear region of the
graph towards X-axis to meet at (¢hv)1/2= 0 as a function of incident photon energy. Fig.8. represents the Tauc’s plots for
evaluating indirect bandgap energy. It was increased with the addition of the dopant MgO. The right shift of bandgap indicates the
creation of bridging oxygens BOs and improvement of the properties. Sample containing high MgO exhibits highest band gap
energy.

The direct band gap (Eind) values of the MgO dopant nickel NFs were calculated with the graph drawn (ahv)2= 0 as a function
of incident photon energy. Fig.9 represents the Tauc’s plots for evaluating direct bandgap energy. It was increased with the addition
of the dopant MgO. The right shift of bandgap indicates the creation of bridging oxygens BOs and improvement of the properties.
Sample containing high MgO exhibits highest band gap energy.
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Fig.9 Direct band gap of MgO doped Nickel ferrites Fig.10 Urbach plots of MgO doped Nickel ferrites

The Urbach energy of the present MgO dopant NFs was found to decrease with increase in the Mg-dopant content as shown in
the Fig.10. It is an indication that enrichment of rare-earth oxide into ferrite base results in more order and decrease of disorderness
[19]. It is because of bridging oxygens generated in the ferrite sample. The refractive index also enhanced with adding the MgO
from 1.18 to 1.38.

3.6. AC conductivity of Magnesium doped nickel ferrites series

MgO doped nickel nano ferrites Ni Fe204

Fig.11 shows the variation in AC conductivity with frequency and temperatures of Mg doped Nickel nano ferrites
Ni0.75Mg0.25Fe204 for 0.20 mole percent of dopant. It found that the of Magnesium doped nano ferrites NFs has shown the
dispersive character at the lower temperatures like RT etc. The impurities present in the synthesized ferrites are the reasons for the
dispersion behaviour. of Ni0.75Mg0.25Fe204 sample found to vary only one order in the low applied frequency domain ,
whereas, at high frequencies it also varied upto two orders. The conductivity is enhanced up to two orders when the temperatures
raised.
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Fig.11. AC conductivity variation with frequency of Magnesium doped nickel ferrites
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Z/ vs ZII Cole-Cole plots:

Dielectric dispersion behaviour of the synthesized magnesium MgO doped NiMgFe204 nickel nano ferrites have been studied
from RT to 4500C. Good results obtained at high temperatures like 2000C, 2500C, 3000C, 3500C, 4000C and 4500C for all the
studied nano ferrites dope with Mg. Dielectric behaviour with impedance data have been discussed with real Z/ and imaginary
complex components Z//. The Plots of real and imaginary parts were given a single semicircle at the high and lower temperature. It
might be attributed to the small polarons hopping mechanism and also bulk resistance. Cole-Cole impedance plots of the pure and
Mg dope nickel nano ferrites have shown semicircles [20-22].
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Fig.12. Cole-Cole impedance plots of Magnesium doped nickel ferrites

Cole-Cole impedance plots of MgO dope nickel nano ferrites were shown in the Fig.12 and was observed the semi-circular
behaviour for different temperatures. The bulk resistance (Rb) of the semi-circular impedance plots of the ferrites samples was
decreasing with increase of temperature, also with Mg content. The inner radius of the semicircle arcs was decreased with
increasing the temperature and also with dopant content [23-26]. The bulk resistance found to the lowest for highest content of
dopant Mg. The bulk resistance play a key role in the plots and the plots almost equivalent to the R-C network of the electric
circuit. Good results were found for higher values of the temperatures like 3000C, 3500C, 4000C and 4500C.

Dielectric constant of Ni-Mg series

Dielectric constant relates the relation between the capacitance in medium (C) and to the vacuum (CO0). Fig.13 shows the
variations of dielectric constant (¢/) real portion of MgO doped nickel nano-ferrites. It is understood from the figure is that the real
part of dielectric constant decreased with increasing the applied frequency [27-28]. It found the highest in the lower frequency
region and suddenly decreased with increasing the frequency which may be due to changes of relaxation mechanism in the nano
ferrite samples. It was almost saturated in the high frequency region.

The variation of dielectric constant real part of Mg dope nickel nano ferrites with applied frequency were shown in the Fig.13.
Generally, a material composed of high conducting grains and less conducting grain boundaries. Especially, ferrites obeys that the
dielectric constant is proportional to square root of conductivity. Therefore, it is high at lower frequencies and then decrease with
increase of frequency. Dielectric constant also depends on the mobility of electronic charge carriers. Finally, one can understand
that the dielectric constant decrease with frequency. It may also attributed to the electron exchanging mechanism in the Oh
octahedral sites Fe2+ and Fe3+ ions.
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Fig.13. Variation of dielectric permittivity with frequency of Magnesium doped nickel ferrites

Tan & of Ni-Mg series

Dielectric loss closely associated with energy dissipation in dielectric materials. Fig.14 depicts the variation of tand with
logarithm of frequency at different temperatures of synthesized MgO doped nickel nano ferrites. Dielectric loss tangent values are
is high at lower frequencies for all the prepared samples. The dielectric loss tangent values decreased with frequency increment.

The present studied NFs obeys Koop’s model theory which states the decrease of tangent loss with applied frequencies.
The dielectric loss tangent (tan &) explains the dissipation of energy of materials especially in dielectric materials. The variation of
tan & with applied frequency (log f) of Mg doped nickel ferrites have shown in the Fig.14. At various temperatures the variation of
loss tangent was studied. It found to be decrease with increasing frequency upto certain value and gets saturated at the higher
frequencies. The decrease of loss tangent may be due to the increment of charge carriers and decrease in the relaxation time [29-

31].
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Fig.14. Variation of dielectric loss with frequency of Magnesium doped nickel ferrites

In this study, the decrement of dielectric loss tangent with respect to the frequency clears that synthesized nano ferrites are in
the dielectric character. Dielectric loss tangent decreases with temperature due to mobility of charge carrier increases and decrease
in relaxation time. Relaxation time is inversely proportional to the dielectric loss. All the synthesized NF samples showed the
similar trend for the pure, Mg dope and NiO containing nickel NF samples [32-33].
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At a specific temperature, all the electrical conductivity plots (log changes in slope due to the Curie temperature were shown
in the Fig.15. The temperature at which a ferri-magnetic material changes to a paramagnetic state [34-36]. The curie temperature
discontinuity is due to the magnetic transition from a ferromagnetic state to a paramagnetic state. The electrical resistivity and
thermal activation energies of the prepared samples in the ferri-magnetic and paramagnetic regions confirmed their nano
characteristics [37-39]. The discontinuity of the Arrhenius plots is due to the conduction mechanism changing [40-43]. The
synthesised sample has a favourable conduction mechanism because of the exchange of electrons between Fe2+ and Fe3+ ions in
octahedral sites.
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Fig.15. DC conductivity (Arrhenius plots) of Mg doped nickel ferrites

V. Conclusions

+  Though citrate gel auto combustion method a series of Nil-xMgxFe204 (where x=0.0, 0.25, 0.5, 0.75 and 1.0 with 0.25
variation) spinel nano ferrites successfully prepared at low temperature.

. Single phase cubic spinel structure of the synthesized samples conformed by x-ray diffraction analysis.

. Lattice parameter of the sample increased with increasing the dopant content of magnesium.

. Volume of unit cell variation also observed with substitution of Mg.

. The cut-off wavelength is varied between 492nm to 469nm. The initial cut-off value of the pure sample is the highest and
dopant concentration results in the decrease of cut-off. The highest indirect band gap recorded for pure sample.

. Two broad band appeared in FT-IR spectrum, which attributes the tetrahedral and octahedral sites conforms the spinel
structure.

. The AC conductivity was increased with an increase of logf and also with increasing temperature.

. The dielectric loss tangent decreased with increasing frequency

. The dielectric constant real part decreased with increasing frequency

. The Cole-Cole plots were showed the semi-circular trend with decreasing radius

. The bulk resistance decreased with increment of temperature. The present nano ferrites are the suitable candidates for

optoelectronic device applications and also for magnetic recording chip applications.
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