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ABSTRACT 

This article describes a versatile and effective coprecipitation technique to synthesize nickel 
ferrite nanoparticles at low temperature around 70

o
C using simple ‘beaker chemistry’. In 

nature nickel (Ni) and Ferric oxide or iron oxides (Fe) are presents separately. But by the 
doping nickel ferrite (NiFe2O3) nanoparticles can be obtained. In this case nickel chloride 
(NiCl2) was doped with ferric chloride (FeCl3) in presence of sodium hydroxide (NaOH). The 
final product, nickel ferrite nanoparticles are dark brown in color. The characterization of the 
synthesized product was carried out using U-V spectroscopy, scanning electrons microscopy 
(SEM), Energy Deserpersive Spectroscopy (EDS), X- ray diffraction (XRD). The synthesized 
nanoparticles can be used for solid-state gas sensor applications. 
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INTRODUCTION 

Nanostructured materials have received much attention because of their novel properties, 
which differ from those of bulk materials [1,2]. In recent years, there has been an increasing 
interest in the synthesis of nano sized crystalline metal oxides because of their large surface 
areas, unusual adsorptive properties, surface defects and fast diffusivities. Magnetic 
nanoparticles have attractive properties such as magnetic guidance and induction heating in 
an ac magnetic field. Thus, magnetic nanoparticles enable combination therapy involving 
drug delivery systems and hyperthermia. Ferrite nanoparticles are suitable materials for 
biomedical applications because of their wide range of size, diversity, and chemical stability 
as compared to metal nanoparticles [3].  The size dependence of the magnetic and thermal 
property and the ac magnetic property of NiFe2O3 nanoparticles (7.7 nm and 242 nm, 
respectively) has been reported [4,5]. Nickel ferrite (NiFe2O3) is a well-known magnetic 
material. This property of NiFe2O3 is significantly affected by the particle size. There are 
some reports that nanosized NiFe2O3 particles are beneficial in promoting useful properties 
[6,7]. Several techniques have been developed to prepare NiFe2O3 nanoparticles, including 
chemical co-precipitation [8,9], sol–gel method [10], citrate precursor technique [11], shock 
wave technique [12], mechanical alloying [13], microwave processing [14] and 
aerosolization [15]. Mechanochemical processing is a novel method for the production of 
nanosized materials, where separated nanoparticles can be prepared. Recently, a wide variety 
of nanoparticles have been synthesized by mechanochemical technique, including ZnS, CdS, 
LiMn2O4, SiO2, CeO2, Co3O4 and SnO2[16,17,18,19,20,21,22,23]. 

In this paper, the synthesis of nanosized NiFe2O3 particles by coprecipitation method was 
reported. The NiFe2O3 nanoparticles was excellent as high-performance magnetic 
materials.Nickel ferrite (NiFe2O3) spinal ferromagnetic oxide, which has attracted attention 
because of its large permeability at high frequency and high electrical resistivity. 
Nanoparticles of NiFe2O3are important because experimental evidence for surface spin 
disorder have been reported in several previous studies. Grain size and pore structure have a 
major effect on the properties in polycrystalline materials and their full characterization 
should be the first step in the study of materials [24].  
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EXPERIMENTAL 

Materials Selection: Double distilled water, 50 ml of 0.1 M Nickel chloride (NiCl2), 50 ml 
of 0.2 M Ferric chloride (III) (FeCl3), 50 ml of 0.8 M Sodium hydroxide (NaOH). 

 

SYNTHESIS OF NICKEL FERRITE NANOPARTICLES 

Nanoparticles of nickel ferrite compound were synthesized through precipitation method. In 
this method the synthesis of nickel ferrite (NiFe2O3) nanoparticles done by doping of nickel 
with ferric oxide.The synthesis of nickel ferrite (NiFe2O3) nanoparticles, ferric chloride (III) 
(FeCl3) mixed with nickel chloride (NiCl2) and drop-by-drop addition of sodium hydroxide 
(NaOH) using burette. 

For the synthesis of nickel ferrite (NiFe2O3) nanoparticles, aqueous solution of NiCl2was 
mixed with aqueous solution ofFeCl3 and then NaOHwas added to it drop by drop under 
continuous magnetic stirring at 70

o 
C. The coffee black precipitate was obtained. After 

completion the reaction final product may contain nickel ferrite (NiFe2O3), unreacted 
saltandbyproduct salt i.e. NaCl.The equation showing formation of NiFe2O3, after the 
reaction is given below. 

 

0.1NiCl2 + 0.2FeCl3+ 0.8NaOH  →NiFe2O3 + 0.8NaCl 

 
To remove the unwanted salt i.e. sodium chloride (NaCl) put the solution into hot air oven for 
few hours to make it completely dry. When it become dry crush it and wash with double 
distilled water few time. This is the one way to remove the unwanted salt. Again put it into 
the hot air oven to make it dry. Now this nickel ferrite nanopowder will be free from 
unwanted salt. This nickel ferrite nanoparticles were dark brown or coffee black in color. 

 

   CHARACTERIZATION 

Nickel ferrite Nanoparticles synthesized by the precipitation methods were characterized 
using UV – VIS Spectroscopy (Thermo Scientific UV- 10) and Scanning Tunneling 
Microscope (Nano Surf Easy Scan 2), Scanning Tunneling Microscope (SEM), X- Ray 
Diffraction (X-RD).  

 

 
Fig-1 UV Absorbance spectra for NiFe2O3 NPsFig-2 X-RD pattern for NiFe2O3 NPs 

 
Fig-3 (a) SEM image of Nife2O3 NPsFig-3 (b) SEM image of Nife2O3 NPs 
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Fig-4 Energy Dispersive Spectroscopy (EDS) Graph for NiFe2O3 NPs 

 
RESULT AND DISCUSSION 

Fig.1 shows the UV spectroscopy graph for nickel ferrite. U-V graph shows that there are 
very few peaks around 310 nm. Fig.2 shows the powder X-ray diffractogram for the sample 
treated at 300 

0
C in hot air oven for 3 hours. The X-RD pattern shows that there are uniform 

nickel ferrite nanoparticles. All the peaks belong to the spinel ferrite. No other separate phase 
oxides could be identified by X-ray diffraction. For the calculation of size and shape of 
nanoparticles the sample characterized under scanning electron microscopy. 

Scanning electron micrographs for the sample is presented in Fig-3 (a) and (b). After the 
analysis of the SEM images it was understood that the nickel ferrite nanoparticles were 
spherical and the size of these spherical nanoparticles were in the range of 3 nm to 10 nm. 
Because of such a small size the sensitivity of the layer was very good. Fig-4 shows the 
energy dispersive spectroscopy graph of nickel ferrite.  

 
   CONCLUSION 

The synthesis of Nickel Ferrite Nanoparticles gave the change in Plasmon Resonance. The 
results obtained by characterization of synthesized materials are compared and the study 
shows the change in physical techniques in synthesis indirectly speculates on the orientation 
and nucleation of nanoparticles. After the characterization using X-RD and Scanning 
Electrons Microscopy the shape of the nanoparticles was found spherical and size was with in 
the range of3 nm to 10 nm. 
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