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 Nickel Nano Ferrite particles are synthesized by solution combustion 

method using urea as fuel and then obtained sample is characterized with 

XRD and FTIR. XRD spectra confirms the cubic spinel structure of ferrites 

and the crystallite size is in range of 20-40 nm. Chemical structure is 

analyzed with FTIR spectra. UV-Visible spectrophotometer is carried out 

to study the optical properties and the direct optical energy band gap is 

evaluated. Dielectric properties and AC conductivity is studied. The 

conductivity increases with increase of frequency and is consistent with 

Koop’s phenomenological theory. 
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I. INTRODUCTION 

 

At the nanoscale the properties of materials change 

drastically due to quantum effects. As surface to 

volume ratio increases the surface reactivity of 

particles also increases. Nano-ferrites are magnetic 

particles and have many emerging applications 

ranging from bio-medical devices to industrial based 

applications such as in Tissue and tumor treatment, 

MRI, as adsorbents, as effective waveguides, 

microwave absorber, in catalysis of reactions, agent of 

wastewater treatment etc [1-6] Ferrites are widely 

studied materials owing to their important 

applications. Among Ferrites transition metal ferrites 

are prominently studied. Among Ferrites are a class of 

ferrites called as spinel ferrites. Spinel Ferrites have 

formula MFe204 where M is divalent metal. Generally 

spinel ferrites have the properties of soft magnetic 

materials coupled with tunable electrical properties 

[7] Nickel Ferrite (NiFe204) is a soft ferrite and has 

Inverse spinel structure in which ferric ions (Fe+3) are 

at tetrahedral sites whereas octahedral sites are 

occupied by 1:1 ratio of both nickel ions (Ni+2) and 

ferric ions (Fe+3) and thus Nickel Ferrite can be 

expressed by the formula (Fe+3) A[Ni+2Fe+3] BO 4
-2 [8].   

Nickel ferrites find extensive applications due to their 

desired properties. Some applications include 

biomedical cyto-genotoxicity applications [9,10] 

environmental applications like pollution 

control[11]photocatalytic and electrochemical 

application[12]for gas sensor applications[13]for dye 

removal etc.. The properties of prepared Ferrites 

depend on preparative techniques, compositions and 
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structural parameters [14,15]. There are many 

methods used in the preparation of ferrite 

nanoparticles such as sol-gel method, hydrothermal 

method, co-precipitation method, solution 

combustion method and also by method of Green 

synthesis [16,17]. In the present work, solution 

combustion Synthesis (SCS) is employed which has 

advantages like high crystalline sample is obtained 

due  to high reaction temperature and also short 

reaction time of process with simple equipment. 

 

II. Experimental 

 

The required chemicals for sample preparation are 

obtained from Otto chemicals and are in Analytical 

(AR) grade. Solution combustion method is employed 

in the synthesis of Nickel nano-ferrite.Stoichiometric 

ratio of Nitrates i.e., Nickle Nitrate Hexahydrate 

(Ni(N03)2.6H20)(14.54 gm) and Ferric Nitrate 

Nonahydrate (Fe(N03)2.9H20)(40.39 gm) and the 

fuel urea (6.66 moles) is taken in 50 ml deionized 

water and stirred on a magnetic stirrer to get clear 

solution. The solution is prepared with fuel to 

oxidizer ratio of 1 i.e. the solution is neither fuel rich 

nor fuel lean. The solution is then taken in the silica 

crucible and heated in Muffle furnace at 5000C. 

Obtained product is calcined at 3000C. 

 

III. Results and Discussion 

 

3.1 XRD Analysis 

XRD Analysis is carried out with Philips X – Ray 

Diffractometer in the 2θ range of 10 to 800 as shown in 

Fig 1. Sharp crystalline peaks are observed for 2θ values 

of 30.7, 36.7, 44.8,  54.9, 59.1 and 66.90 and these could 

be  indexed to (hkl) planes (220), (311), (400), (422), 

(511) and (440) respectively and hence confirming the 

cubic spinel structure of ferrites and also agrees  with 

the JCPDS data ( JCPDS card No.22- 1086). The 

crystallite size is calculated using Debye-Scherre 

formula and it is in range of 20-40 nm. 

 

                    Fig.1 XRD spectra of Nickel Ferrite 

3.2 FTIR Analysis 

FTIR analysis is done to study the chemical structure 

of the sample. FTIR is carried in the wave number 

range of 400 cm-1 to 4000 cm-1 (Perkin-Elmer 

spectrometer) and is shown by Fig.2. IR absorption 

shows two absorption bands at wavenumber of 

464.84 cm-1 and 624.89 cm-1 and these correspond to 

stretching motions in tetrahedral A site and 

octahedral B site of e Fe+3- O-2 bond. The wide peak 

around 3500 cm-1 is due to OH group vibration.[18] 

 

               Fig.2 FTIR spectra of Nickel Ferrite 

3.3 UV – Visible absorption 

UV-Visible spectroscopy gives information of the 

chemical structure of the sample. UV-Visible 
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absorption is done in the wavelength range of 200-

600 nm with double beam monochromatic 

spectrophotometer. The UV-Visible absorption 

spectra seen in figure 3 shows two peak absorbance 

at wavelength of 211.4 nm and 258.19 nm both lying 

in the UV region. Optical band gap of NanoNickel 

ferrite is calculated with Tauc equation  by plotting 

(αhν)2 vs hʋ and extrapolating linear region of graph 

to get  direct optical band gap value   which is 3.89eV. 

This can find applications in ultraviolet region of 

photovoltaics. 

 

Fig. 3 UV-Visible spectra of Nickel Ferrite 

 

Fig.4 Tauc plot for Nickel Ferrite 

 

3.4 Dielectric properties  

Dielectric constant was measured for Nickel 

nanoferrite in the frequency range of 1 to 9 MHz at 

room temperature. The dielectric behaviour in ferrites 

is due to various types of polarization i.e. electronic, 

ionic, orientational and the space charge polarization 

and also the dielectric constant is dependent on the 

method of synthesis, grain size and  porosity of ferrites. 

The dielectric constant is evaluated using the relation, 

                      ɛ‵ = 𝐶𝑑/ɛ˳𝐴  

The dielectric constant as shown in Fig.5 decreases 

with increase in frequency. There is steep decrease of 

dielectric constant at lower frequencies and an almost 

frequency-independent linear behaviour at high 

frequencies, and agrees well with the Maxwell–

Wagner model [19]. Ferrites have inhomogeneous 

structure and at the grain boundaries, space charge 

polarization occurs and this effect is pronounced at 

lower frequency as consistent with Koop’s model. The 

alignment of space charge carriers takes time and at 

high frequency the dielectric constant decreases. 

 

 
Fig.5 Variation of Dielectric Constant (є‵) as function 

of Logf (frequency) 

 

3.5 AC conductivity 

AC conductivity is measured as a function of frequency. 

The conductivity increases with increase in frequency. 

The conductivity of ferrites is based on the hopping of 

the electrons between Fe+2 and Fe+3 which increases 

with applied frequency.[20]and is consistent with 

Koop's phenomenological theory according to which 

Ferrites have inhomogeneous structure and at low 

frequencies, the conductivity is due to the grain 
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boundaries while the dispersion at higher frequencies 

is due to the conducting grains 

 

 
Fig.6 Variation of AC conductivity with logarithmic 

frequency 

 

IV. CONCLUSION 

Nickel Nanoferrite, the inverse ferrite has been 

synthesized by  Solution combustion method and then 

analyzed for structural and chemical nature with XRD 

and FTIR. XRD spectra reveals cubic spinel structure 

and FTIR shows characteristic metal oxygen 

vibration at tetrahedral and octahedral sites both 

lying below 1000 cm-1. UV- visible absorption has two 

peaks in the UV region indicating large band gap 

energy and by Tauc method the direct optical band 

gap is evaluated to be 3.89 eV. Dielectric constant 

decreases with frequency steeply and then becomes 

independent of frequency at 102 Hz and is seen to be 

linear thereafter and AC conductivity increases with 

frequency. 

 

V. ACKNOWLEDGEMENT 

 

The author, Priyanka Kolhar, is thankful to the 

KSTePS (Karnataka Science and Technology 

Promotion Society), Government of Karnataka, India 

for providing financial assistance under DST-PhD 

fellowship. 

VI. REFERENCES 

 

[1]. Reddy, L. H., Arias, J. L., Nicolas, J., & Couvreur, 

P. (2012). Magnetic nanoparticles: design and 

characterization, toxicity and biocompatibility, 

pharmaceutical and biomedical applications. 

Chemical reviews, 112(11), 5818-5878. 

[2]. Sohn, C. H., Park, S. P., Choi, S. H., Park, S. H., 

Kim, S., Xu, L., ... & Choi, T. H. (2015). MRI 

molecular imaging using GLUT1 antibody-

Fe3O4 nanoparticles in the hemangioma animal 

model for differentiating infantile hemangioma 

from vascular malformation. Nanomedicine: 

Nanotechnology, Biology and Medicine, 11(1), 

127-135. 

[3]. Brar, S. K., Verma, M., Tyagi, R. D., & 

Surampalli, R. Y. (2010). Engineered 

nanoparticles in wastewater and wastewater 

sludge–Evidence and impacts. Waste 

management, 30(3), 504-520. 

[4]. Hasanzadeh, M., Shadjou, N., & de la Guardia, M. 

(2015). Iron and iron-oxide magnetic 

nanoparticles as signal-amplification elements in 

electrochemical biosensing. TrAC Trends in 

Analytical Chemistry, 72, 1-9. 

[5]. Ibrahim, I., Ali, I. O., Salama, T. M., Bahgat, A. 

A., & Mohamed, M. M. (2016). Synthesis of 

magnetically recyclable spinel ferrite (MFe2O4, 

M= Zn, Co, Mn) nanocrystals engineered by sol 

gel-hydrothermal technology: High catalytic 

performances for nitroarenes reduction. Applied 

Catalysis B: Environmental, 181, 389-402. 

[6]. Van Quy, N., Hoa, N. D., An, M., Cho, Y., & Kim, 

D. (2007). A high-performance triode-type 

carbon nanotube field emitter for mass 

production. Nanotechnology, 18(34), 345201. 

[7]. Abdullah Dar, M., Shah, J., Siddiqui, W. A., & 

Kotnala, R. K. (2014). Study of structure and 

magnetic properties of Ni–Zn ferrite nano-

particles synthesized via co-precipitation and 

reverse micro-emulsion technique. Applied 

Nanoscience, 4, 675-682. 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 10 | Issue 2 

Priyanka Kolhar et al  Int J Sci Res Sci Eng Technol, March-April-2023, 10 (2) : 375-379 

 

 

 

 
379 

[8]. Senthilkumar, B., Selvan, R. K., Vinothbabu, P., 

Perelshtein, I., & Gedanken, A. (2011). 

Structural, magnetic, electrical and 

electrochemical properties of NiFe2O4 

synthesized by the molten salt technique. 

Materials Chemistry and Physics, 130(1-2), 285-

292. 

[9]. Ahamed, M., & Alhadlaq, H. A. (2014). Nickel 

nanoparticle-induced dose-dependent cyto-

genotoxicity in human breast carcinoma MCF-7 

cells. OncoTargets and therapy, 269-280. 

[10]. Ahamed, M., Ali, D., Alhadlaq, H. A., & Akhtar, 

M. J. (2013). Nickel oxide nanoparticles exert 

cytotoxicity via oxidative stress and induce 

apoptotic response in human liver cells (HepG2). 

Chemosphere, 93(10), 2514-2522. 

[11]. Ahmed, S., & Ahmad, Z. (2020). Development of 

hexagonal nanoscale nickel ferrite for the 

removal of organic pollutant via Photo-Fenton 

type catalytic oxidation process. Environmental 

nanotechnology, monitoring & management, 14, 

100321. 

[12]. Amulya, M. S., Nagaswarupa, H. P., Kumar, M. 

A., Ravikumar, C. R., Prashantha, S. C., & 

Kusuma, K. B. (2020). Sonochemical synthesis of 

NiFe2O4 nanoparticles: Characterization and 

their photocatalytic and electrochemical 

applications. Applied Surface Science Advances, 

1, 100023. 

[13]. Darshane, S. L., Suryavanshi, S. S., & Mulla, I. S. 

(2009). Nanostructured nickel ferrite: a liquid 

petroleum gas sensor. Ceramics International, 

35(5), 1793-1797. 

[14]. Z. Zheng ., H.Zhang ,Q Yang , journal of the 

American ceramic society,2014, vol 97,2016– 

2019. 

[15]. Pauline, S., & Amaliya, A. P. (2011). Synthesis 

and characterization of highly monodispersive 

CoFe2O4 magnetic nanoparticles by 

hydrothermal chemical route. Archives of 

Applied Science Research, 3(5), 213-223. 

[16]. Ahlawat, A., Sathe, V. G., Reddy, V. R., & Gupta, 

A. (2011). Mossbauer, Raman and X-ray 

diffraction studies of superparamagnetic 

NiFe2O4 nanoparticles prepared by sol–gel auto-

combustion method. Journal of Magnetism and 

Magnetic Materials, 323(15), 2049-2054. 

[17]. Sivakumar, P., Ramesh, R., Ramanand, A., 

Ponnusamy, S., & Muthamizhchelvan, C. (2011). 

Preparation and properties of nickel ferrite 

(NiFe2O4) nanoparticles via sol–gel auto-

combustion method. Materials Research 

Bulletin, 46(12), 2204-2207. 

[18]. Iyer, R., Desai, R., & Upadhyay, R. V. (2009). 

Low temperature synthesis of nanosized Mn1-

xCdxFe2O4 ferrites,47,180 

[19]. Liu, J., Duan, C. G., Mei, W. N., Smith, R. W., & 

Hardy, J. R. (2005). Dielectric properties and 

Maxwell-Wagner relaxation of compounds A Cu 

3 Ti 4 O 12 (A= Ca, Bi 2∕ 3, Y 2∕ 3, La 2∕ 3). Journal 

of applied physics, 98(9), 093703. 

[20]. Ahmed, S., Ahmad, Z., 2020. Development of 

hexagonal nanoscale nickel ferrite for the 

removal of organic pollutant via Photo-Fenton 

type catalytic oxidation process. Environ. 

Nanotechnol. Monit. Manag. 14, 100321. 

 

Cite this article as : 

 

Priyanka Kolhar, Basavaraja Sannakki, "Study of 

Electrical and Optical Property of Nickel Ferrite 

Synthesised by Solution Combustion Method", 

International Journal of Scientific Research in Science, 

Engineering and Technology (IJSRSET), Online ISSN : 

2394-4099, Print ISSN : 2395-1990, Volume 10 Issue 2, 

pp. 375-379, March-April 2023. Available at doi : 

https://doi.org/10.32628/IJSRSET231028           

Journal URL : https://ijsrset.com/IJSRSET231028 


