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CuFe2O4 have been widely investigated and used in variety of applications such as magnetic 

material, anode material, catalyst, and so on, because of their attractive magnetic, electronic, 

thermal and catalytic properties. 

Among methods to synthesize nanoferrites, the combustion synthesis is an easy, safe, rapid and 

economic method used to synthesise various oxides or to prepare multi-component ceramics. 

The process is based on a rapid redox reaction between a fuel (urea, citric acid, glycine, etc.) and 

oxidisers (generally metal nitrates), which starts under a moderated heating. This exothermic 

reaction can produce some fumes and/or a flame.  

Applying surfactants, which are composed from molecules along with sol–gel method can 

improve the properties of the synthesized powders. In the presence of surfactant, surface tension 

of solution is reduced and this facilitates nucleation and formation of the new phases. The 

formation of reverse micelles in gel can be effective in controlling the particles growth and the 

distance between particles. It has been found that the surfactant prevents the agglomeration of 

the ferrite nanoparticles. 

In this present study, the sol–gel auto-combustion method is applied for synthesizing the 

CuFe2O4, CuFe2O4/CTAB and CuFe2O4/SDS nanocomposite, using nickel nitrate, iron nitrate, 

ammonia, citric acid and CTAB and SDS as surfactant. The nanoparticles were characterized by 

XRD, SEM and FT-IR. Powder XRD analysis and FT-IR spectroscopy confirmed formation of 

CuFe2O4 spinel phase. SEM images show the effect of surfactants on morphology of 

nanoparticles.  
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1. Introduction 

 

CuFe2O4 have been widely investigated and used in variety of applications such as magnetic 

material, anode material, catalyst, and so on, because of their attractive magnetic, electronic, 

thermal and catalytic properties [1]. CuFe2O4 is known to exist in tetragonal and cubic 

structures. Under slow cooling Cu-ferrite crystallizes in a tetragonal structure with lattice 

parameter ratio c/a of about 1.06. Tetragonal phase of Cu-ferrite has inverse spinel structure 

with almost all Cu
2+

 ions occupying octahedral sublattice, whereas Fe
3+

 ions divide equally 

between the tetrahedral and octahedral sublattices. The tetragonal structure is stable at room 

temperature and transforms to cubic phase only at a temperature of 360◦C and above due to 

Jahn–Teller distortion. The distortion is directly related to the magnetic properties. The cubic 

structure possesses a larger magnetic moment than that of the tetragonal one, because there are 



more cubic ions (Cu
2+

) at tetrahedral sites in cubic structure as compared to that in the case of 

tetragonal structure [2]. 

Various methods are used to synthesize ferrite nanoparticles, such as: combustion, mechano-

chemical method, redox process, forced hydrolysis, co-precipitation, sol–gel, hydrothermal, 

polymer combustion method (PC), solid state method (SS), micro-emulsion, sonochemical, 

electrochemical and thermal decomposition method [3-11]. Among methods to synthesize 

nanocrystalline CuFe2O4, combustion method seems to be one of the facile and one step 

methods, since it allows the preparation of nanocrystalline CuFe2O4 with an equiaxial shape and 

narrow size distribution [12]. 

Applying surfactants, which are composed from molecules, contains of hydrophilic head and 

hydrophobic tail, along with sol–gel method can improve the properties of the synthesized 

powders. In the presence of surfactant, surface tension of solution is reduced and this facilitates 

nucleation and formation of the new phases. The formation of reverse micelles in gel can be 

effective in controlling the particles growth and the distance between particles. Depending on 

surfactant’s head electric charge, surfactants can be divided into three categories: cationic, 

anionic and nonionic [13]. 

In this present study, the sol–gel auto-combustion method is applied for synthesizing the 

CuFe2O4, CuFe2O4/CTAB and CuFe2O4/SDS nanocomposite, using copper nitrate, iron nitrate, 

ammonia, citric acid and CTAB and SDS as surfactant.  

 

2. Experimental 

The starting materials for the synthesis of CuFe2O4, CuFe2O4/CTAB and CuFe2O4/SDS are 

Cu(NO3)2·6H2O, Fe(NO3)3·9H2O, ammonia (30%), citric acid monohydrate (98%) (CA), CTAB 

and SDS as surfactant. The required amount of metal nitrates and citric acid are taken so as to 

have a molar ratio of 1:1 and dissolved in 100 mL of deionized water. A required amount of 

ammonia is added into the solution in order to modify the pH value to about 7. The 

stoichiometric amount of surfactant was dissolved in minimum amount of water then added to 

the above solution. Dehydration of the solution was then done on a hotplate at 80◦C until a gel 

forms. Dry gels were heated in air to about 300◦C to invoke combustion. During combustion 

large amounts of gas were given off and a lightweight massive powder formed quickly. The 

resulting “precursor” powder was lightly ground by hand, as well as calcined at 800◦C for 2 h in 

a furnace to remove any organic rest [14, 15]. 

 

3. Results and discussion 

3.1 XRD analysis 

X-ray diffraction patterns of CuFe2O4, CuFe2O4 using CTAB as surfactant and CuFe2O4 using 

SDS as surfactant are shown in Figure 1. X-ray diffraction confirms the formation of single-

phase (fcc) spinel structure for samples. The XRD pattern was compared and indexed using 

ICDD card no. (06–0545).  

 



 
Fig. 1. XRD patterns: a) CuFe2O4, b) CuFe2O4/CTAB and c) CuFe2O4/SDS. 

 

3.2 FT-IR analysis 

Figure 2 shows the FT-IR spectrum of the CuFe2O4 powders. The characteristic peaks of 

tetrahedral and octahedral complexes could be observed at 577 cm
−1

 and 464 cm
−1

. It is clear 

that the normal mode of vibration of tetrahedral cluster is higher and normal mode of vibration 

of octahedral cluster is shorter. The tetrahedral cluster has shorter bond lengths and the 

octahedral cluster has longer bond lengths [14]. 

 



 
Fig. 2. FT-IR spectrum of nanoparticles of CuFe2O4 ferrite. 

 

3.3 SEM analysis 

The effect of surfactant on the morphology and size of the prepared samples have been studied. 

Figure 3 shows SEM images of samples prepared using CTAB and SDS as surfactant. The 

images showed completely agglomerated ferrite particles. It is clearly seen in the micrograph 

that the sample possess pyramidal nanosize grains. In comparison with other samples, it was 

observed that the nanoparticles are single crystal, roughly pyramidal and uniformly distributed. 
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Fig. 3. SEM images: a) CuFe2O4, b) CuFe2O4/CTAB and c) CuFe2O4/SDS. 

 

3.4 DRS analysis 

The analysis of optical absorption spectra is a powerful tool for understanding the band structure 

and band gap of both crystalline and noncrystalline materials. The optical properties of the 

ferrite samples were characterized by UV-DRS with the help of optical absorption data [16]. 

Optical band gap of copper ferrite nanoparticles was estimated using the Kubelka-Munk 

relationship. The Kubelka–Munk plot CuFe2O4, CuFe2O4 using CTAB as surfactant and 

CuFe2O4 using SDS as surfactant has been presented in Figure 4. The calculated band-gap 

energies of CuFe2O4, CuFe2O4 using CTAB as surfactant and CuFe2O4 using SDS as surfactant 

were found to be 1.72, 1.68 and 1.73 eV, respectively.  
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Fig. 4. The Kubelka–Munk plot for a) CuFe2O4, b) CuFe2O4/CTAB and c) CuFe2O4/SDS. 

 

4. Conclusion 

CuFe2O4, CuFe2O4/CTAB and CuFe2O4/SDS nanocomposite have been succesfully synthesized 

by sol-gel auto-combustion method. The nanoparticles were characterized by XRD, SEM, FT-IR 

and DRS. Powder XRD analysis and FT-IR spectroscopy confirmed formation of CuFe2O4 

spinel phase. The particles size was estimated from SEM data. The energy band gaps were 

calculated by Kubelka-Munk model from UV–Vis absorption. Applying surfactants along with 

sol–gel method can improve the properties of the synthesized powders.  
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