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Abstract: The device formation in current technology demands effective magnetic materials. Cobalt 

ferrite nanoparticles were synthesized by the co–precipitations method using the precursor materials 

(Fe(No3)3 9H2O) and (Co(NO3)2 6H2O). X-ray diffraction (XRD), Fourier Transform Infrared 

Spectroscopy (FTIR) analysis, and UV–Visible absorption spectral studies were used to analyze the 

structural, chemical/functional groups with possible stretching and optical bandgap properties of the 

CoFe2O4 powder. XRD results designate that the resultant particles are crystalline, pure single-phase 

spinel structure. From the FTIR analysis reveals that C-C, C=O stretching, and the shift is leaked 

indicating that the presence CoFe2O4. The absorption and the optical band gaps values are increased 

trend with temperatures also evidence that is enhancing magnetic behavior.  
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1. Introduction 

Cobalt with magnetite plays a reasonable role in insensing processes such as chemical 

sensors, thermal sensors, magnetic sensors and etc. The peculiar property of the anisotropic 

nature of cobalt with Fe the susceptibility values exist in less one. But enhancing Co gives the 

susceptibility that goes greater than one may be used for novel sensing purposes [1-4]. Co3O4is 

an antiferromagnet (TN≈30K). In recent times many researchers working in the derivative 

compound of Co3-XMXO4 [M = Fe, A1, Mn] [5].  The properties of compounds with Fe give 

variety/diverse applications through different magnetic nature such as para, ferro, anti-ferro, 

and ferric natures [6]. Spinel ferrite (MFe2O4) magnetic nanocomposites have fascinated much 

responsiveness owing to their distinctive magnetic assets and chemical stability. There are 

many ways of preparing nanoparticle with many ways sol-gel [7], co-precipitation [8] and etc.,  

In this investigation, the author focuses on spinel, mainly spinel stability, with a range 

of temperatures (above 900oC it gradually decreases). The isotropic behavior of Co ion can 

change depends on the size and the nature of preparation processes [9].  To achieve this, we 

have synthesized cobalt ferrite magnetic nanoparticles through the co-precipitation method and 

characterized by using X-ray diffraction (XRD), Fourier transforms infrared (FT-IR), and UV–

visible (UV–vis) spectroscopy through which determined the optical band gap of cobalt ferrite 

magnetic nanoparticles [10]. 
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2. Materials and Methods 

 2.1. Sample preparation. 

The nanoparticle Co2FeO4 were prepared by the chemical co-precipitation method [8]. 

The precursor material used was Iron (III) nitrate with Cobalt(II) nitrate was taken by 1:2 ratio 

of AR grade chemicals procured from S.D. Fine chemicals, Mumbai, India(Table.1). The 

mixed solution stirred well using a magnetic stirrer about 6 hr with temperature 80oC and 

maintained their pH (11) by the addition of Potassium hydroxide (KOH). Finally, the sample 

precipitate was found at the bottom of the beaker. 

Table 1. Properties of the precursor material. 

Sample Molecular 

weight(g/mol) 

Melting point (0C) Curie temperature 

(0C) 

Iron (III) nitrate 404.00 47.2 858 

Cobalt(II) nitrate 291.04 99.6 1121 

Potassium hydroxide 56.11 406 240 

 

The resultant precipitate was cleaned with pure water and kept at 700C temperature for 

8 hours. The as-prepared sample was annealed at 4000C - 6000C and 8000C for 6 hours. These 

nanoparticles were characterized by various techniques. 

2.2. Experimental techniques. 

The structural analysis was carried out through Philips analytical X-ray diffractometer 

(=1.5401Ao).  The FT-IR spectrum taken through the PerkinElmer spectrometer ranges from 

500 to 4,000 cm-1. The UV absorption studies were carried out through UV-2600, Shimadzu 

[11]. 

3. Results and Discussion 

3.1. XRD analysis. 

The XRD pattern of the investigated Co2FeO4 sample is shown in fig.1(a)–(d). The non-

existence of peaks lines corresponds to the Co2FeO4 phase following heated samples at the 

various thermal condition. It has been observed that all the patterns split into two components 

for treated samples excluding at temperature 8000 C.  While comparing the peak position of all 

patterns, it evidence that the compound (Co2FeO4) is the spinel one.   

The splitting of spectral lines is noted in Fig.1 (ranges from 20 to 80) and clearly shown 

for (311) XRD peak line alone in the right-hand side of Fig.1.  The peak positions at higher 

and lower 2θ values are denoted at 2θ2 and 2θ1, respectively.  The pattern for the untreated 

sample shown more splitting, and it is decreasing gradually closer and closer, and finally, it 

disappears at 800oC, suggesting a single phased compound. 

There is a coexistence of two spinel phases confirmed from the lattice parameter a1 and 

a2 determined through 2θ1 and 2θ2, of the spectrum are presented in Table 2. The lattice 

parameter of the 8000C sample is a fair and good arrangement with theoretical value and 

experimental value.    
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Figure 1. XRD spectra of at (a) room, (b) 400,  (c) 600 and (d) 800 0C temperature. 

It can be seen that the lattice parameter a1 decreases as the temperature increases from 

4000C to 8000C.  Both (a1and a2) are coinciding with8000C (S90)sample.  

Table 2. Crystallite size and lattice parameters. 

Sample 2θ1 2θ2 Crystalline size 

(nm) 

Lattice 

parameters  a1 

Lattice 

parameters  a2 

As-perpared 36.41 36.60 11.09 8.184 8.226 

8000C 36.72 36.27 13.9 8.079 8.281 

The particle size of the samples was calculated through well known  Debye-Scherrer 

formula:  

𝐷 = 0.89/𝛽𝑐𝑜𝑠    (1) 

(λ= 1.504 Ao), 2θ – peak position, D - particle size, β - FWHM) on (311) XRD peak at 2θ. The 

determined particles are in the nano range (~11 nm to 15nm) is due to various grain growth 

induced by the thermal energy of different annealing temperature [12, 13]. The crystalline size 

and lattice parameters of both as-papered and various annealed samples are as shown in the 

same Table 2. 

3.2. FTIR investigation. 

Figure 2 reveals that the FTIR spectra for the power sample heat traced at various 

temperatures. The FTIR spectrums of Co2FeO4 were recorded in the range 500-4000cm-1. The 

broad absorption peak at 3350cm-1, which corresponds to the O-H stretching vibration, arises 

from the molecules of the aqueous environment. The peak located at 2391cm-1 is due to  +ve 

atmosphere CO2 present in the instrument stretching modes of C-C and C=O are observed of 

1374cm-1, 1638cm-1, 1760cm-1, respectively. The band of 2391 cm-1 is ascribed to C-H 

(a)

400 

(c) (d) 
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stretching vibration. The peak shift observed around 550cm-1 indication of the Co2FeO4 [14, 

15]. Further, there is more absorption in annealed samples rather than as prepared.  

 
Figure 2. FTIR Spectra of CO2FeO4 at various temperatures. 

3.3. UV–vis spectrometer(UV). 

The UV-visible absorption has been used to monitor the optical properties of quantum 

–sized particles. The fig 3 shows the absorption spectrum for Co2FeO4 nanoparticles of both 

as-prepared and annealed at temperatures 400oC, 600oC, and 800oC, respectively.  

 
Figure 3. UV-vis absorbance spectra of Co2FeO4. 

The absorption spectra of both samples had a primary narrow peak and were found 

below 400nm. In addition to that, there are several numbers of shoulder peaks where observed 

in the visible range of the absorption spectrum. Absorption is depending on the temperature 

when increasing the temperature absorption gets decreased that is shown the same fig. 3. 

particle size increased absorbance decreased. The table shows the measurement from the UV-

vis spectrometer. 
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Table 3. Absorbance and visible spectra. 

Sample Absorbance Band gap (eV) 

As prepared 362.9 3.41 

4000cm 388.8 3.19 

6000cm 397.5 3.12 

8000cm 301.0 4.12 

3.4. Estimation of optical band gap. 

Absorption in UV-vis spectral studies in the UV-Vis-NIR region was carried out to 

estimate the optical band gap (Eg) of the synthesized samples under study. These values are 

obtained through the well-known relations given by tauc and wood is given by, 

𝛼ℎ = 𝛽(ℎ− 𝐸𝑔)
𝑛
2⁄  (2) 

Where, 

A - absorbance constant, h - plank constant and t- thickness of the cuvette and  - frequency of 

UV source. The required Eg is the optical band gap, and n is the constant corresponds to 

different types of electronics transitions. 

 The calculated optical band gap of Co2FeO4, both as-prepared and annealed samples of 

range (3 -4.2ev), are presented in Table 3. It is shown that when increasing the temperature, 

the optical band gap also increased due to the transformation of the phase structure—similar 

results were reported by some researchers [16,17]. 

4. Conclusions 

From the above analysis, the following conclusions arrive, CoFe2O4 at as prepared and 

400oC, 600oC, and 800oC were grown by the co-precipitation method. X-ray diffraction 

analysis substantiates the formation of a single-phase cubic spinel structure with nano-sized 

ferrites. The small change in lattice parameter with  Co, may due to Co ions occupying Fe 

position in the lattice were also confirmed. The observed absorption bands divulge that the 

formation of spinel shape. Absorption measurements were performed with UV confirmed the 

optical bandgap of investigated samples. 
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