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Nanoparticles of NiFe2O4 have been synthesized by chemical co-precipitation method. X-ray diffraction pattern 
confirms the formation of single-phase cubic spinel structure and the lattice constant is 8.2 Å. The energy band gap 
measurements of nanoparticles of Ni ferrite in pellet form have been carried out by reflection spectra using double beam 
spectrophotometer. A pellet of nanoparticle ferrite was made under a load of 10 tons. From the analysis of reflection spectra, 
nanocrystalline Ni ferrite have been found to have energy band gap of 2.5 eV at room temperature.  
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1 Introduction 
Ferrites are superior to other soft magnetic materials 

for use at high frequency as they show high electrical 
resistivity combined with useful ferrimagnetic 
behaviour1,2. In recent years, nanocrystalline ferrites 
have attracted considerable attention, as their physical 
properties are significantly different from those of 
bulk3,4 due to fundamental changes in co-ordination, 
symmetry and confinement. Superparamagnetism, 
collective magnetic excitation, low saturation 
magnetization, enhanced corcivity, metastable cation 
distribution, etc., are some of the phenomena, which 
have been observed in nanocrystalline of various 
ferrites5-9. 
 

Ni ferrite is extensively used in a number of 
electronic devices because of their high permeability 
at high frequency, remarkably high electrical 
resistivity, mechanical hardness, chemical stability 
and reasonable cost10. NiFe2O4 is a well-known 
inverse spinel with Ni2+ ions on B sites (octahedral) 
site and Fe3+ ion distributed equally among A 
(tetrahedral) and B sites. NiFe2O4 is a typical spin 
soft-magnetic ferrite and it is extremely interesting to 
gain its nanocrystalline powder owing to their broad 
applications11 such as microwave devices. The 
properties of nanocrytalline ferrites are size dependent 
and known to be very sensitive to the processing 
techenique12,13. The nanocrysatlline ferrite is being 
synthesized by various techniques such as sol-gel14, 
hydrothermal15, ultrasonic emulsion16, reverse micelle 
synthesis17 and combustion18. In the present work, we 

applied chemical co-precipitation method for 
synthesizing the nanoparticles of NiFe2O4 and the 
optical energy band gap of nanocrystalline NiFe2O4 
has been studies. 
 
2 Experimental Details 

The nanoparticles of Ni ferrite were prepared by 
the co-precipitation technique. A mixed solution of 1 
M in NiCl2. 6H2O and 2 M in FeCl3. 6H2O was slowly 
poured in NaOH maintaing pH of 10. The mixture 
was slowly heated to 85°C. Oleic acid (5 ml) was 
added for surafce coating. The solution was made to 
cool down slowly with continuous stirring. Few drops 
of HNO3 were added to precipitate the formed coated 
particles. The precipitate was washed a number of 
times with hot distilled water so as to remove NaCl. 
Finally, water was removed by washing with acetone. 
This acetone-wet slurry was dispersed in 20 ml of 
kerosene and heated at 50°C for 5 min. The resulting 
fluid was centrifuged at 12000 rpm for 10 min. For 
obtaining the dried particles, portion of the fluid was 
repeatedly washed with acetone (Fig.1). 

X-ray diffraction pattern has been recorded at 300 
K using Fe Kα radiation, on a Philips make powder 
diffractometer PW-1840. The reflection spectrum of 
nanoparticles of NiFe2O4 was taken by 
spectrophotometer Hitachi model U-3400 at room 
temperature.  

The optical reflectance19 of the pellet was recorded 
at room temperature in the wavelength range 400-600 
nm using a Hitachi (Japan) double-beam-
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spectrophotometer. In this model, the prism/grating 
double monochromatic system is used. The optical 
band gap of the pellet was determined with the help of 
reflection spectra. Since, it has not been possible to get 
transmission spectra of the pellet due to high 
absorption, the reflection spectra for the determination 
of optical band gap have been recorded. To include the 
effect of reflection from upper surface of the pellet, a 
mirror is placed on top of the pellet and reflection 
spectrum is recorded. According to Tauc relation20, the 
absorption coefficient for direct band gap material is 
given by:  
 

αhν = A (hν−Eg)1/2  … (1) 
 

where hν is photon energy, Eg the band gap and A is 
constant which is different for different transitions. 
The absorption coefficient α may be written in terms 
of reflectance19 as: 
 

2 α t = ln [(Rmax−Rmin)/(R−Rmin )]  …. (2) 
 

where t is thickness of pellet and R is reflectance for 
any intermediate photon energy. A sudden fall in 
reflectance from Rmax to Rmin is observed due to the 
absorption of light by the material. A graph between 
the square of hν ln[(Rmax −Rmin)/(R−Rmin)] (as ordinate) 
and hν (as abscissa) is plotted and a straight line is 
obtained. The extrapolation of straight line to (hν) axis 
gives the value of band gap of the material of the pellet. 
 
3 Results and Discussion 

Figure 1 shows indexed X-ray powder diffraction 
pattern of nanocrystalline NiFe2O4. The Bragg 

reflections are indexed in Fe3O4 like cubic structure 
and the estimated cell constant a is 8.2 Å. This 
confirms that the sample is formed in single phase and 
the cell constant has slightly decreased with the 

 
Fig. 1⎯Powder X-ray diffraction pattern of the nanocrystalline NiFe2O4 of an average particle size 25 nm 

 

 
Fig. 2⎯Reflection spectra of NiFe2O4 pellet 

 

 
Fig. 3⎯Band gap determination of NiFe2O4 pellet. The 
extrapolation of straight line to (hν) axis gives the value of energy 
band gap. The estimated optical band gap is 2.5 eV  
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introduction of Ni in Fe3O4 (a = 8.39 Å). Considerably 
broadened lines in the XRD pattern are indicative of 
the presence of nano-size particles. We have used the 
(311) reflection line in the XRD pattern for obtaining 
the average particle size with the help of the Debye-
Scherrer equation:  
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where t the thickness (diameter) of the particle, λ the 
X-ray wavelength (1.9373 Å), BM and BS are the 
measured peak broadening and instrumental 
broadening in radian, respectively and θB in the Bragg 
angle of the reflection. The calculated average particle 
size is 25 nm. 

Fig. 2 shows the reflection spectra of 
nanocrystalline NiFe2O4. It is observed from Fig. 2 
that reflection decreases with the decrease in 
wavelength. A sudden decrease at a particular 
wavelength is indicative of the presence of optical 
band gap in this sample. NiFe2O4 is known to be 
direct band gap material therefore the Tauc relation is 
used for the determination of direct band gap. A plot 
between [hν ln {(Rmin−Rmin)/(R−Rmin)}]2 versus hν 
have been plotted in Fig. 3.  
 

4 Conclusions 
XRD pattern of the sample prepared by chemical co-

precipitation method shows nanocrystalline nature of 
the sample. It has been observed that the material 
prepared is having the lattice constant of 8.2 Å. In 
highly absorbing samples where transmission 
spectroscopy cannot be used for determination of 
energy band gap of samples like in pellets, reflection 
spectroscopic technique with slight modification has 
proved to be a useful method. The band gap of the 
NiFe2O4 nano-material is 2.5 eV in pellet form. 
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