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Cu and Ni ferrites as the semiconductor materials were synthesized by a 
microwave sol-gel auto-combustion method. Two cationic surfactants, sodium 
dodecyl sulfate (SDS) and cetyltrimethylammonium bromide (CTAB), were 
applied and the influence of surfactants on the properties of the Cu and Ni 
ferrite particles was studied. The samples were characterized by X-ray powder 
diffraction (XRD) pattern, scanning electron microscope analysis (SEM), 
Fourier transform infrared (FT-IR) spectroscopy and diffuse reflectance spectra 
(DRS). Powder XRD analysis and FT-IR spectroscopy confirmed the formation 
of ferrite spinel phase. The crystallite size was calculated to be 50-95 nm using 
Scherrer’s equation. The morphology and size of the synthesized nanoparticles 
have been observed by scanning electron microscopy. The particles were 
agglomerated without using surfactant. Using CTAB leads to the samples with 
layer shapes, and  using SDS leads to  the samples  with pyramidal shapes. The 
energy band gaps  calculated from UV–DRS absorption by using Kubelka-Munk 
equation were 1.68-1.77 eV, indicating that band gap of Cu ferrites becomes 
small and band gap of Ni ferrites becomes large in the presence of surfactant.
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INTRODUCTION
Recently, magnetic nanoparticles (MNPs) have 

attracted huge interest from a broad range of 
usage, such as magnetic fluids, data storage, bio 
applications, drug delivery, and MRI, and unique 
magnetic properties such as superparamagnetism, 
high coercivity, low Curie temperature and high 
magnetic susceptibility. They are classified as good 
catalysts due to low-cost, green, efficient, and 
reusable catalysts and easy separation by using 
an external magnetic field. Ferrites are one of the 
important magnetic materials, because of their 

special properties like electrics, magnetic, optical 
and catalytic properties. These materials were used 
as catalyst because of excellent catalytic activity, 
easy synthesis, nontoxic, reusability, economic 
viability, ecofriendliness, green, recyclable, and 
reusable catalyst. CuFe2O4 and NiFe2O4 have been 
chosen for their unique properties. Nickel ferrite 
has inverse spinel structure. Copper ferrite has 
two crystallographic spinel structures, the high 
temperature cubic phase and the low temperature 
tetragonal phase. Tetragonal phase has inverse 
spinel structure. Spinel ferrite structure had a 
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chemical formula of MFe2O4, in which oxygen 
ions are placed in a fcc arrangement, and the 
metal ions occupy the spaces between them. These 
spaces are tetrahedral or A sites and octahedral or 
B sites. In normal spinel structure M2+ are on A 
sites and Fe3+ are on B sites but in inverse spinel 
structure M2+ are on B sites and Fe3+ are equally 
divided between A and B sites. The divalent and 
trivalent ions normally occupy the B sites in a 
random fashion [1-9].

There are various chemical and physical 
techniques to synthesize ferrites. The synthesis 
method determines the dimension and shape and 
properties of the nanostructure. Nanosized spinel 
ferrites can be prepared by like co-precipitation, 
solvothermal, hydrothermal, deposition–
precipitation, electrochemical, high-temperature 
method, solid-state reactions, wet-chemical 
synthesis, auto–combustion method, Sol-gel, 
ultrasonic assisted and sonochemical method [10-
21].

In this work ferrites nano particles are 
synthesized by a microwave sol–gel auto 
combustion method. The combustion process is 
an easy, safe, rapid and economic method used 
to synthesize nano ferrites [22]. The application 
of microwaves in the calcination process of 

inorganic materials has attracted much attention 
recently because it offers a novel synthesis 
pathway with notable features such as high purity, 
rapid heating rates, short processing durations, 
low power requirements, economical, and 
product uniformity. Different from conventional 
heating process, microwave heating is an in 
situ mode of energy conversion. Heat will be 
generated internally within the material, instead 
of originating from external sources. So, the 
microwave energy is transformed into heat energy 
by strong inter-molecular friction causing to 
increase the temperature of materials rapidly [23]. 

The incorporation of nanoscaled inorganic 
particles and organic materials (such as polymers) 
has been widely investigated, considering the extra 
advantages that could be obtained with combined 
properties of the inorganic materials (mechanical 
strength, magnetic and thermal stability) and the 
organic polymers (flexibility, dielectric, ductility 
and processability) [24]. Applying surfactants 
which are composed of molecules containing 
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 
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Fig. 1. XRD patterns of CuFe2O4 samples: a)CuFe2O4, b)CuFe2O4/CTAB & c)CuFe2O4/SDS.
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Table 1  
 

Copper ferrite samples Size/nm Nickel ferrite samples Size/nm 
CuFe2O4 77 NiFe2O4 95 
CuFe2O4/CTAB 50 NiFe2O4/CTAB 82 
CuFe2O4/SDS 55 NiFe2O4/SDS 74 

 
 
 
  

Table 1. Average size of the produced spinel ferrites.
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the new phases. The formation of reverse micelles 
in gel can be effective in controlling the particles 
growth and the distance between particles [25]. 

In the present study, the microwave sol–
gel auto-combustion method is applied for 
synthesizing the Ni and Cu ferrites using CTAB 
and SDS, and the effect of using surfactant on the 
properties of the prepared semiconductor samples 
is studied.

EXPERIMENTAL
Reagents

The chemical materials used in this work to 
prepare Ni and Cu ferrites using CTAB and SDS 
were Fe(NO3)3·9H2O,  Ni(NO3)2·6H2O, Cu(NO3)2 
·6H2O, C6H8O7·H2O, NH4OH, sodium dodecyl 
sulfate (SDS) and cetyltrimethylammonium 
bromide (CTAB). All of the reagents used in the 
experiments are of analytical grade and used 
without further purification from Merck Chemical 
company (Germany). 

Methods
Microwave synthesis was performed on 

a Solardom- LG (900 W). A STOE x-ray 
diffractometer revealed X-ray powder diffraction 
(XRD) pattern to determine the crystallinity and 
phase of the ferrite nanoparticles. A Philips SEM 
(LEO 1455VP) was used to obtain a scanning 
electron microscope analysis (SEM). Fourier 
transform infrared (FT-IR) spectroscopy was 
recorded on a Perkin-Elmer to analyze cubic spinel 
phase of nanoparticles and observe product after 

oxidation. Diffuse reflectance spectra (DRS) of the 
ferrite nanoparticles were measured on a Perkin-
Elmer UV-VIS Instrument.

Synthesis of the samples
Appropriate amounts of metal nitrates and citric 

acid were first dissolved in a minimum amount 
of deionized water. The molar ratio of nitrates to 
citric acid was 1:1. A small amount of ammonia 
was added to the solution to adjust the pH value at 
about 7. The stoichiometric amount of surfactant 
was dissolved in minimum amount of water, added 
to the above solution. Then, the mixed solution 
was poured into a dish and heated at 80°C and 
stirred to transform into a xerogel. Dry gels were 
subjected to microwave irradiation (10 at 900 W) 
until the solution boiled. When ignited points were 
observed, the dried gel burnt in a self-propagating 
combustion manner until all the gel was burnt 
out completely to form a loose powder. During 
combustion large amounts of gas were given off 
and a lightweight massive powder formed quickly. 
The powder was then calcined at 800°C for 2 h to 
remove any organic material [23, 26 & 27].

RESULTS AND DISCUSSION
XRD analysis

X-ray diffraction patterns of the various 
calcined precursors are shown in Figs. 1 and 2. 
The patterns indicate the formation of single-phase 
spinel ferrites by the conventional route (Fig. 1(a) 
and Fig. 2(a)). It was found that single-phase spinel 
powders can be obtained in the presence of CTAB 
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Figure 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. XRD patterns of NiFe2O4 samples: a)NiFe2O4, b)NiFe2O4/CTAB & c)NiFe2O4/SDS.
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(Fig. 1(b) and Fig. 2(b)) and SDS (Fig. 1(c) and 
Fig. 2(c)). The diffraction peaks at 2θ = 18.228 
(1 1 1), 29.688 (2 0 2), 30.688 (2 2 0), 34.298 
(3 1 0) 35.876 (3 1 1), 37.146 (2 2 2), 43.875 (4 
0 0), 61.816 (4 0 4), and 86.689 (5 5 2) can be 
assigned to CuFe2O4 (ICDD card number 06–
0545) and the diffraction peaks at 2θ = 21.583 (1 
1 1), 35.699 (2 2 0), 43.353 (2 2 2), 50.709 (4 0 0), 
63.682 (4 2 2), 67.399 (5 1 1), 74.485 (4 4 0) and 

85.493 (6 2 0) can be assigned to NiFe2O4 (ICDD 
card number 44–1485). The mean crystallite size 
of the particles was determined by the XRD line 
width of (311) peak using Scherrer formula to be 
50-95 nm (Table 1).

FT-IR analysis
FT-IR spectra of the samples are shown in Figs. 

3 and 4. 
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Figure 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) CuFe2O4/CTAB 

a) CuFe2O4 

c) CuFe2O4/SDS 

Fig. 3. FT-IR spectra of CuFe2O4 samples: a)CuFe2O4, b)CuFe2O4/CTAB & c)CuFe2O4/SDS.
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Figure 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) NiFe2O4 

b) NiFe2O4/CTAB 

c) NiFe2O4/SDS 

Fig. 4. FT-IR spectra of NiFe2O4 samples: a)NiFe2O4, b)NiFe2O4/CTAB & c)NiFe2O4/SDS.
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The peaks at about 574-613 cm−1 and 416-422 
cm−1 shown in Figs. 3 and 4 could be attributed to 
tetrahedral and octahedral complexes, respectively. 
The difference in the band positions is observed 
because of difference in the Fe3+····O2– distance 
for tetrahedral and octahedral complexes. It is 
clear that the intrinsic vibration of tetrahedral 
cluster is higher than that of octahedral cluster. 
The reason may be due to shorter bond lengths of 
the tetrahedral cluster compared to the octahedral 
cluster [28].

SEM analysis
The effect of surfactant on the morphology and 

size of the prepared samples has been studied. 
Figs. 5 and 6 show the SEM images of samples 
prepared without surfactant and using CTAB and 
SDS as surfactants. Completely agglomerated 
ferrite particles were obtained in the absence of 
any surfactant, shown in Fig. 5(a) and Fig. 6(a). It 
is clearly seen in the micrographs of Fig. 5(b) and 
Fig. 6(b) that in the presence of CTAB, the layered 
ferrite particles began to separate, and finally in the 
presence of SDS shown in Fig. 5(c) and Fig. 6(c), 
the particles possess individual pyramidal grains. 
In comparison with other samples, it was observed 
that the particles are single, roughly pyramidal and 
uniformly distributed crystals.
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Figure 5 
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Fig. 5. SEM images of CuFe2O4 samples: a)CuFe2O4, b)CuFe2O4/CTAB & c)CuFe2O4/SDS.
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Figure 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a b c 

Fig. 6. SEM images of NiFe2O4 samples: a)NiFe2O4, b)NiFe2O4/CTAB & c)NiFe2O4/SDS.
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Figure 7 
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Fig. 7. The Kubelka–Munk plots of NiFe2O4 samples: a)CuFe2O4, b)CuFe2O4/CTAB & c)CuFe2O4/SDS.
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2 
 

Table 2  
 

Copper ferrite samples Band Gap/eV Nickel ferrite samples Band Gap/eV 
CuFe2O4 1.75 NiFe2O4 1.71 
CuFe2O4/CTAB 1.73 NiFe2O4/CTAB 1.76 
CuFe2O4/SDS 1.68 NiFe2O4/SDS 1.77 

 
 
 

Table 2. The calculated band gap energies of samples.

Fig. 8. The Kubelka–Munk plots of CuFe2O4 samples: a)NiFe2O4, b)NiFe2O4/CTAB & c)NiFe2O4/SDS.
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Figure 8 
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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 in addition 
with the optical absorption data.

The optical absorption coefficient (α) can be 
determined from the optical reflectance data with 
the Kubelka–Munk function (Eq. (1)): 

α= (1–R)2/2R                                                             (1)

where R is the diffuse reflectance. The optical 
band gap energy (Eg) for the synthesized samples 
was calculated with Tauc’s relation (Eq. (2)):

αhν=A (hν–Eg) 
n                                                                                               (2)

where hν is the excitation energy, A is a constant, 
n is an index that can be characterized in the 
optical absorption process, and α is the absorption 
coefficient. Figs. 7 and 8 show plots of (αhν)2 versus 
excitation energy (hν) in electron volts for all the 
synthesized samples. Extrapolation of the linear 
part of the Tauc plots to the intersection with 
the hν axis gives the values of Eg [29]. Therefore, 
the calculated band gap energies of samples were 
calculated and shown in Table 2, indicating that the 
samples may have visible-light photoactivity.

CONCLUSION
MFe2O4 (M= Cu and Ni) have been successfully 

synthesized by surfactant-assisted microwave 
sol-gel auto-combustion method with addition 
of cationic surfactant (CTAB and SDS). The 
combustion method is one of the facile and 
one-step methods. Using of microwaves in auto 
combustion method is economical and has notable 
features such as rapid heating rates and short 
processing durations. It was found that single-
phase spinel powders can be obtained in the 
absence and presence of CTAB and SDS. Applying 
surfactants along with sol–gel method can improve 
the properties of the synthesized powders. In the 
presence of CTAB, the layered ferrite particles 
begin to separate, and in the presence of SDS, the 
particles possess individual pyramidal grains. The 
prepared samples shows an obvious absorption 
capability in the UV–Vis region, and the band-gap 
energy is between 1.68- 1.77 eV. They could be used 
as visible light responsive catalysts.
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