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Abstract-Magnetite and Cobalt ferrite nanoparticles were 

prepared by sol-gel auto combustion technique. This 

method is very simple and easy to achieve magnetite and 

cobalt ferrite nanoparticles in powder form. The 

nanocrystalline forms of synthesized sample were obtained 

at very low annealing temperature of about 600⁰ C. From 

XRD, it reveals that cobalt ferrite nanoparticles are highly 

crystalline in nature and average crystallite size obtained is 

almost 30nm. SEM image shows the cubic spinel form of 

synthesized sample. Vibrating sample magnetometer is used 

to study the magnetic properties which shows that the 

saturation magnetization of cobalt ferrite is higher than 

saturation magnetization of magnetite nanoparticles, also 

anisotropic constant of cobalt ferrite nanoparticles is 

higher than magnetite nanoparticles, confirms the single 

domain of sample which is also verified by squareness 

ratio. It is observed from FTIR characterization that, the 

metal-oxide bonds like Fe-O and Co-O are present in the 

sample. The obtained results of cobalt ferrite nanoparticles 

are having more advantageous than magnetite 

nanoparticles for the applications of MRI and magnetic 

sensors. 
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I. INTRODUCTION 

Complex oxides such as magnetite and cobalt ferrite are 

very interesting materials. There structural, magnetic, 

optical and electrical properties help to improve the 

applications of spintronics devices [1]. In recent years 

most promising technology is spintronics which introduce 

to reduce device size, speeding up processing data and 

store the information in small area [2][3]. In 1988 

magnetite is introduced as half metal which gives single 

spin state either up or down. It gives more advantageous 

to store the information. This effective magnetic material 

is applied for spin based devices such as MRI, MRAM, 

gas sensor [3] [4][5][6]. To improve the magnetic 

properties for spintronics, here I have studied cobalt 

doped magnetite.  Cobalt ferrite is selected due to high 

density and high magnetocrystalline anisotropy [7][8]. In 

this research magnetite (Fe3O4) is replace by cobalt ferrite 

(CoFe2O4). Comparative study has been done for the 

study of structural and magnetic properties of magnetite 

and cobalt ferrite. 
Different methods have been used to synthesis magnetite 

and cobalt ferrite such as co-precipitation, mechano-

chemical, thermal hydrolysis, sol-gel, sol-gel auto 

combustion[9][10][11][12][13]. Among various methods 

sol gel auto combustion is very simple and require less 

time for synthesis of sample. 

 
 

II. LITERATURE REVIEW 

 

V.R. bhagwat et. al., reported the synthesis of cobalt 

ferrite carried out by sol-gel auto combustion method 
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using three different fuels such as ethylene glycol, urea 

and glycine.  From XRD crystalline size obtained in the 

range of 22.10 to 15.11 nm. It has been also observed 

that, saturation magnetization, remenant magnetization 

and coercivity inceases with the increase in size of the the 

nanoparticles[14].  

Thapa et. al. and co-workers reported in research work 

the crystalline size calculated is below 10 nm due to 

which surface effects cause saturation magnetization 

decreases and hence magnetite materials changes from 

ferromagnetic to superparamagnetic in nature which is 

used for flexible spintronics devices[15].  

Hassan Soleimani, et. al., studied the cobalt substituted 

magnetite by co-precipitation method. The crystalline 

size calculated in the range 13 nm to 35 nm with increase 

in Co
2+

 ions concentration from XRD. It also observed 

the FTIR analysis of cobalt substituted magnetite which 

gives qualitative study of the ions at tetrahedral and 

octahedral sites was observed at wavenumbers ranging 

from 600 to 400 cm
-1

.  It has been observed from   FTIR, 

presence of metal oxygen bond in the cobalt substitute 

magnetite [16]. 

III. METHODOLOGY 

  
Chemicals  

 

All Iron nitrate, cobalt Nitrate, deionized water, citric 

acid (AR grade), [NH4OH] ammonia solution to 

maintain pH were purchased from Merck and used 

without further purification. 

 

Synthesis Method 

 

Iron nitrate, cobalt nitrate and citric acid were used 

for the preparation of cobalt ferrite are of AR grade. 

A known quantity of Iron nitrate and cobalt nitrate 

was dissolved in deionized water and mixed with 

citric acid as 1:1 molar ratio. To maintain the pH 7, 

add ammonia solution drop wise. This solution was 

stirred for 2 hours and then a sol gets formed. The 

solution was then heated to 90⁰ C for 2 hours to form 

a brownish gel. This gel was decomposed at same 

temperature in oven. The gel then converted into 

fluffy powder consists of homogeneous flakes of 

very small particle size shown in Fig. 1. This powder 

was crushed by using mortar and pestle and placed 

for annealing in muffle furnace at temperature 

600⁰ C gives fine powder of sample for 

characterization of XRD, FESEM, VSM and FTIR. 

 

 

 
 

Fig.1 - Synthesized fluffy powder of cobalt ferrite 

 
IV. RESULT & DISCUSSION 

 

 Characterizations 

 

The nanoparticles were characterized with the help of 

XRD, FESEM, VSM and FTIR. The XRD 

measurement carried out using Cu-Kα radiation.  

FESEM image carried out for study of surface 

morphology. VSM characterization gives information 

regarding magnetic properties at room temperature and 

FTIR spectra recorded in the range of 4000 cm
-1

 to 400 

cm
-1

. 

X-ray Diffraction (XRD)study  

 

Fig. 2 shows the XRD peaks which gives crystalline 

nature of magnetite and cobalt ferrite. The various peaks 

of magnetite at 30.30⁰ , 35.65⁰ , 43.56⁰ , 54.08⁰ , 57.59⁰  

and 62.99⁰  are obtained and in cobalt ferrite various 

peaks obtained at 30.20⁰ , 35.54⁰ , 43.19⁰ , 53.56⁰ , 

57.09⁰  and 62.76⁰ . It reveals that the minor shift in peak 

position may happen due to ionic radius of Co
2+

 which is 

slightly greater than Fe
2+

 ion[17] [18]. 

 
Fig.2 – XRD graph of magnetite and cobalt ferrite. 

A 

B 
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The XRD pattern of magnetite peak (A) shows that minor 

impurity of hematite (α-Fe2O3) is present in sample and 

strong reflection of peaks are obtained at (220), (311), 

(400), (422), (511) and (440). From peak (B) it has been 

observed that no additional impurity is present. From the 

XRD graph both peak shows the FCC type of spinel 

structure[14]. 

 

We have calculated various parameters as lattice constant 

(a), x-ray density, volume of unit cell, hopping length at 

tetrahedral site (LA), hopping length at octahedral site 

(LB), and crystallite size from XRD graphs which are 

shown in Table 1. 

 

Table 1: Various parameters of magnetite and cobalt ferrite 

Parameters Magnetite 

(Average) 

Cobalt 

ferrite 

(Average) 

Lattice constant (a) 8.3334 Å 8.3749 Å 

Crystallite size( D) 34.02 nm 30.8 nm 

X-ray density (ρ) 

(g/cc) 

5.31355 5.307141 

Unit cell volume(V)  578.7642Å
3
 587.4145 

Å
3
 

Hopping length (LA) 3.608 Å 3.626 Å 

Hopping length (LB) 2.946 Å 2.960 Å 

 

The average crystalline size (D) was calculated by using 

the Scherrer’s formulae. 

  
  

     
 

Where, K is crystallite constant (0.94), λ is wavelength, β 

is FWHM and θ is peak position. 

From the above Table 1 it is observed that crystallite size 

of magnetite is 34.02 nm whereas for cobalt ferrite it is 

30.8 nm. From this we conclude that when we add cobalt 

in pure magnetite, crystallite size decreases due to minor 

shift in peak position of synthesized sample which 

confirms that, crystallite size is dependent on M
2+

 ion .  

The hopping length is the distance between magnetic ions 

in the given sample. In pure magnetite and cobalt ferrite, 

tetrahedral and octahedral sites are present due to which 

lattice constant influences on hopping length [19]. From 

above, it concludes that the hopping length varies due to 

doping of cobalt in pure magnetite. 

 
Field Emission Scanning Electron Microscopy 

(FESEM) 

Fig. 3 and Fig.4 shows the FESEM images of magnetite 

and cobalt ferrite, which consist of random distribution of 

agglomerated particles originated from the eruption of 

fuels during synthesis process.  

The sponge like morphology is observed in cobalt ferrite 

sample. 

 

Vibrating Sample Magnetometer(VSM)  

The magnetic properties of magnetite and cobalt ferrite 

samples were recorded by using VSM at room 

temperature with applied field ranging upto 1500 Oe is 

shown in Fig.5 and Fig.6. The magnetic hysteresis loop 

confirms that the sample shows ferromagnetic 

performance with soft and hard magnetic nature of 

magnetite and cobalt ferrite sample [14]. 

 

 
Fig.3 -FESEM image of magnetite sample 

 

 
Fig.4 - FESEM image of Cobalt ferrite 

 

Coercivity (HC), remanence magnetization (Mr), 

saturation magnetization (MS) and magnetic crystalline 
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anisotropy (K) values are summarized in Table 2. 

  

 
Fig.5 – VSM graph of pure magnetite 

 
Fig.6 – VSM graph of cobalt ferrite 

Table 2-Various parameters of magnetic material 

Parameters Magentite Cobalt ferrite 

Coercivity (Hc) 195.4 Oe 1744 Oe 

Saturation 

magnetization (Ms) 

8.565 emu/g 58.58 emu/g 

Remenance 

Magnetization (Mr) 

2.35 emu/g 30.30 emu/g 

Squarenes ratio 

(Mr/Ms) 

0.27 0.51 

Magnetocrystalline 

anisotropy (K) 

1743.43615 

erg/g 

106420.333 

erg/g 

 

From Table 2, it concludes that saturation magnetization 

increases due to Co
2+

 ions. It may happen as ionic radii of 

Co
2+

 ions greater than Fe
2+

 ions.  Since squareness ratio of 

cobalt ferrite is around 0.5 which indicates the single 

domain nature of the sample [20][21]. The 

Magnetocrystalline anisotropy (K) is also high which is 

potential applications of spintronics. 

 

Fourier Transformer Infra-Red Spectroscopy (FTIR) 

 

The Fourier Transform Infra-red spectroscopy 

recorded for the synthesized sample of magnetite and cobalt 

ferrite shows the presence of metal oxygen bond. The 

various frequencies obtained are as shown in Table 3. 

 

Table 3- FTIR data of magnetite and cobalt ferrite 

sample ῡ1 ῡ2 ῡ3 ῡ4 

 

Pure 

magnetite 

 

3444.1 

 

1635.37 

 

549.71 

 

470.63 

 

Cobalt 

ferrite 

3429.4 

 

1635.6 

 

580.57 

 

412.77 

 

 
Fig.7 – FTIR spectrum of magnetite 

 
Fig. 8- FTIR spectrum of cobalt ferrite 

 
The Fig. 7 and Fig. 8 shows the FTIR graph of pure 

magnetite and cobalt ferrite which helps to show various 

bonds present in synthesized sample. ῡ1= 3444.1 cm-1 , 

3429.4 cm
-1

 indicates the O-H bond in the functional group 

region.  ῡ2 = 1635.37 cm
-1

, 1635.6 cm
-1

 indicates the 

presence of H-O-H bond due to deionized water which is 
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used at the time of synthesis process [16].  ῡ3 and ῡ4 shows 

the Fe
3+

-O bond at tetrahedral site and Fe
2+

-O at octahedral 

site respectively. It shows maximum absorption of infra- 

red light due to metal and non-metal ion bonding. 

 
V. CONCLUSION 

 

Synthesis of pure magnetite and cobalt substituted 

magnetite is successfully carried out with sol-gel auto 

combustion method. Synthesized cobalt substituted 

magnetite is in the nanoscale range. Pure magnetite has 

slightly larger crystallite size than cobalt ferrite. The 

FESEM image shows the morphology of magnetite and 

cobalt ferrite and confirms spinel structure of sample. 

From VSM graph it concludes that, coercivity, saturation 

magnetization and magnetocrystalline anisotropy of 

cobalt ferrite is greater than that of pure magnetite which 

is potential applications of MRI, gas sensor, MRAM. 

From FTIR it is observed that metal–oxide (M-O) bond is 

present in the range of 580 cm
-1

 to 400 cm
-1

. Due to 

higher intensity of peaks of cobalt ferrite, stretching and 

vibrations of  Co-O bond is greater than that of Fe-O 

bond. Finally, it has been concluded that, cobalt doped 

magnetite is more effective than the pure magnetite. 
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