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In the present study, cobalt substituted copper ferrite nanocomposite have
been investigated. A series of co-doped copper ferrites with nominal
compositions Cu

1-x
Co

x
Fe

2
O

4
 (x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0) were synthesized

by the co-precipitation oxalate rout method. The synthesized product has
been characterized by powder X- ray (XRD), Transition electron microscopy
(TEM), UV visible spectrophotometry, energy dispersive X-ray
spectroscopy (EDX) and photoluminescence (PL). The XRD analysis reveals
that the samples were cubic ferrite with average particle size in the range
12.1- 13.5 nm. The micrographs obtained from TEM analysis showed that
the synthesized materials have a spherical shape with an agglomeration of
the individual particles. The energy dispersive X-ray spectrometric analysis
revealed that the observed molar ratios of different components of the
samples are in close agreement with their nominal compositions. The optical
band gap values for pure copper ferrite and doped copper ferrite
nanoparticles was found to be 3.72 -3.03 eV, respectively. PL spectra of pure
copper ferrite and doped copper ferrite nanoparticles showed blue emission
at 460 nm and green emission at 520 nm.
 2016 Trade Science Inc. - INDIA

INTRODUCTION

Spinel ferrites with a general composition MFe
2
O

4

(M=Co2+, Cu2+) exhibit interesting magnetic, magneto-
resistive and magneto-optical properties. At the same
time, these compounds have well-established catalytic
properties for many reactions such as oxidative
dehydrogenation of hydrocarbons, decomposition of
alcohols, selective oxidation of carbon monoxide,
decomposition of hydrogen peroxide, and
hydrodesulphurization of petroleum crude[1]. The
catalytic properties of ferrospinels crucially depend on
the distribution of cations among the octahedral and
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tetrahedral sites of the spinel structure. Jacobs et al.[2]

established that, in spinels, the octahedral sites are
almost exclusively exposed in the crystallites and that
the catalytic activity was mainly due to cations located
in octahedral sites. Cobalt ferrite (CoFe

2
O

4
) is a well-

known hard ferrite material, which has been studied in
detail due to its high coercivity and moderate saturation
magnetization[3]. Copper ferrite (CuFe

2
O

4
) is mostly an

inverse spinel structure[4]. Various research groups have
studied the effect of doping with different cations to
enhance physical properties of spinel ferrites[5]. Gautam
et al[6] reported electronic structure studies of Cu2+

doped cobalt ferrite, they observed that Cu2+ ions
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occupy octahedral site.
Many techniques have been used for the

determination of cation distribution by using the X-ray
diffraction such as R-factor[7,8], Furuhashi[9] and Bertaut
methods[10]. The additional techniques include neutron
diffraction[11], thermoelectric measurements[12], and
electron spin resonance[13]. The intensity of X-ray
reflections reveals a reliance on the possession of cations
amongst the interstitial sites. So all of the above said
methods in which X-ray diffraction has been used, are
based upon the comparison of experimentally observed
intensities with those, calculated for the hypothetical
crystal structure[14]. Cobalt ferrite is reported as an
inverse spinel and the degree of inversion is strongly
dependent on the preparation conditions and
methods[15,16]. The distribution of cations in copper
ferrites, prepared by co-precipitation technique is
reported as [Cu

0.2
Fe

0.8
] [Cu

0.8
Fe

1.2
] O

4
. Although a lot

of work has been done on CoFe
2
O

4
 and CuFe

2
O

4
, a

little work is found in literature on mixed Co�Cu ferrites.

Tailhades et al.[17] prepared mixed cobalt�copper spinel

ferrites Co
x
Cu

1-x 
Fe

2
O

4 
with a cicular shape from oxalate

precursors and reported that the cation distribution is
sensitive to the thermal history of the samples.

This paper reports the effect of Co-doping on
structural, morphological and optical of CuFe

2
O

4

(x=0.0,0.2,0.4,0.6,0.8,1.0) nanocomposites prepared
by the co-precipitation oxalate rout chemical method.
The present investigation is concerned with the synthesis
of copper ferrite magnetic nanoparticles with controlled
particle size, particle size distribution, composition and
surface morphology. Various characterization techniques
have been carried out using X-ray diffraction (XRD),
transmission electron microscopy (TEM), energy
dispersive X-ray spectroscopy (EDX), UV�visible

spectroscopy and PL spectroscopy.

EXPERIMENTAL

All reagents used in the present work were
analytical grade and directly used without further
treatment. Oxalic acid, H

2
C

2
O

4
.2H

2
O (Merck, 99.5%

purity), Praepagen HY, C
16

H
36

NOCl (Clariant, 40%),
Zinc sulfate monohydrate, ZnSO

4
.H

2
O (Merck, 99%

purity), Copper sulfate pentahydrate, CuSO
4
.5H

2
O

(Merck, 99% purity), Ferrous ammonium sulfate

hexahydrate, (NH
4
)

2
Fe(SO

4
)

2
.6H

2
O (Merck, 99.5%

purity) and deionized water were used in the synthesis
and preparation of all solutions. In typical synthesis of
Cu

1-x
Co

x
Fe

2
O

4
 with x= (0.0, 0.2, 0.4, 0.6, 0.8,1)

nanopowders, (20 mmol) of Ferrous ammonium sulfate
and the respective amounts Copper sulfate and doped
metal ions of Co were dissolved into 25 mL of deionized
water. (20 mmol) of oxalic acid was dissolved in an
equal volume of deionized water and dropwise added
to metal salts solution under magnetic stirring for 60
min, a precipitate of (Cu, Co, Fe) oxalate was isolated,
washed with water several times and dried at 100oC
for 24 hours. The dried material was grounded using
mortar and pestle to produce fine powder precursor.
Subsequently, the precursor, (Cu, Co, Fe) oxalate was
annealed in muffle furnace under air at 500oC for 3 h to
form Cu

1-x
Co

x
Fe

2
O

4
 nanostructure.

UV�vis absorption spectra were collected using a

UV�vis spectrophotometer (Shimadzu, UV-2400) in

the wavelength range from 200 to 700 nm. PL spectra
were recorded with a spectrofluorometer (JASCO, FP-
6500); the extinction wavelength was selected to be
400 nm. The X-ray diffraction (XRD) patterns of the
dried as-prepared and classified samples were obtained
using an X-ray diffractometer PANalytical X´pert

(PANalytical) with Cu Ka radiation (0.154 nm
wavelength) under 40 kV and 200 mA. The
transmission electron microscopy (TEM) analysis was
done with JEM2010 (JEOL) transmission electron
microscope with eenergy dispersive X-Ray
Spectrometer INCA (Oxford Instruments).

RESULTS AND DISCUSSION

The structure and phase purity of the samples were
confirmed by analyzing the X-ray powder diffraction
patterns. Figure 1 shows the XRD patterns of Cu

1-

x
Co

x
Fe

2
O

4
 samples prepared at various Co substitutions

x = (0.0, 0.2, 0.4,0.6, 0.8 and 1.0). All the observed
reflections could be assigned to cubic spinel lattice
indicating their single phase structure with some traces
of other impurity phases (e.g. Fe

2
O

3
 and CuO phases).

The peaks could be indexed as (220), (311), (222),
(400), (422), (511), and (440), which are characteristics
of single-phase cubic spinel structure (JCPDS card no.
22-1012). From the results, the Cu-Co ferrite phase
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formed contained some impurity peaks, which are due
to decomposition of the ferrites to á-Fe

2
O

3
 phase,

above the annealing temperature of 500oC[18�20].  The
intensity of main diffraction peak of cubic spinel ferrite
at the (311) plane was considered as a measure of its
degree of crystallinity[21]. An increase in the concentration
of Co in copper ferrite resulted in a measurable
progressive increase in the degree of crystallinity of the
produced cubic phase. The average particle sizes of
the samples were estimated from the broadening of the
diffraction peaks using the Debye�Scherrer equation.

The average particle size of all samples in the range of
12.1-13.5 nm. It was found that by increasing the
amount of cobalt loading, the crystallite size increases.
It is may be due to the surface temperature that affects
the molecular concentration and makes the tiny crystal
to grow at the surface of the crystal, thereby increasing
the molecular concentration at the crystal surface, which
in turn increases the grain growth[22].

The morphological characteristics of the obtained
Cu

1-x
Co

x
Fe

2
O

4
 (x=0.0,0.6,0.8,1.0) nanoparticles were

investigated by the transmission scanning electron
microscopy (TEM) and are shown in Figure 2(a-c).
The figures proved that products are nearly cubic (not
uniform) with diameter 32-40 nm as calculated from
histogram (see Figure 2). Nanoparticles are
agglomerated due to the presence of magnetic
interactions among the particles[23]. The observed

difference in particle size calculated by XRD and as
observed by TEM may be due to the molecular structural
disorder and lattice strain, which resulted the different
ionic radii and/or clustering of the nanoparticles.

EDX spectroscopy is an analytical tool to determine
the composition of the sample. EDX spectra of Cu

1-

x
Co

x
Fe

2
O

4
 ferrites (x = 0.0, 0.6, 0.8, 1) are shown in

Figure 3(a-c). Figure 3 shows the peaks of Fe, Cu and
O elements in pure. It is interesting to note that the
preparation condition completely favors the formation
of mixed ferrites and allow us to study the effect of
increasing Co content on the properties of the copper
ferrite. The above mentioned results confirm the
formation of pure and Co-doped CuFe

2
O

4
 phase.

UV-vis spectral analysis has been widely used to
characterize semiconductor nanoparticles. As the
particle size decreases, the absorption edge shifts to
shorter wavelength, due to the band gap increase of the
smaller particles [108, 109]. The absorption spectra of
Cu ferrite and Co doped in Cu ferrite nanoparticles
(Cu

1-x
Co

x
Fe

2
O

4
) in UV-light region was illustrated in

Figure 4. It can be clearly seen that all samples
possessed an absorption band in the whole range as
well as exhibited a good absorption in the light region
(330-400 nm). The absorption at 330 nm is assigned
to the characteristic absorption band of CuFe

2
O

4

nanoparticles. On substituting Co in copper ferrites, the
absorption band is shifted to longer wavelength as
shown in Figure 4. The fundamental absorption, which
corresponds to electron excitation from the valance band
to conduction band, can be used to determine the value
of the optical band gap of the synthesized Cu

1-

x
Co

x
Fe

2
O

4 
ferrite nanoparticles. The band gap can be

obtained from a linear extrapolation of the absorbance
edge to the wavelength axis. The estimated band gap
values of Cu

1-x
Co

x
Fe

2
O

4 
(x = 0.0, 0.2, 0.4, 0.6, 0.8

and1.0) nanostructures was found to be 3.72 -3.03
eV (see Figure 5). The band gap energy decreases with
increasing Co content, which may be associated with
various parameters including the crystallite size,
structural parameter, carrier concentrations, presence
of very small amount of impurities which are detectable
by XRD technique and lattice strain[24].

In order to study the defects and other impurity
states of the system, photoluminescence (PL) spectra
of the Co-doped CuFe

2
O

4
 samples were recorded.

Figure 1 : XRD 0f  (a) Cu
0.005

Fe
2
O

4
, (b) Cu

0.004
Co

0.001
Fe

2
O

4
, (c)

Cu
0.003

Co
0.002

Fe
2
O

4
,  (d) Cu

0.002
Co

0.003
Fe

2
O

4
,  (e)

Cu
0.001

Co
0.004

Fe
2
O

4
, (f) Co

0.004
Fe

2
O

4
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Figure 6 shows room temperature PL spectrum of Cu
1-

x
Co

x
Fe

2
O

4
 where x = (0.0, 0. 2, 0. 4, 0. 6, 0. 8 and

1.0). The excitation was recorded at wavelength 400
nm. All the samples showed the characteristic near-

band-edge (NBE) emission of pure and Co-doped
CuFe

2
O

4
 at around 460 nm. A broader visible emission

band was obtained for all the samples centered at 460
nm, and is attributed to the recombination of electrons

Figure 2 : TEM micrographs and EDX spectrum of of Cu
1-x

Mn
x
Fe

2
O

4
 (a) x=0.0, (b) x=0.2, (c) x=0.8 and (d) x=1.
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Figure 3 : EDX spectrum of Cu
1-x

Co
x
Fe

2
O

4
 (a) x=0.0, (b) x=0.6, (c)x=0.8 and (d) x=1.

Figure 4 : UV-vis. spectra of Cu
1-x

Co
x
Fe

2
O

4
 x = (0.0, 0.2, 0.4,

0.6, 0.8 and 1.0)

deeply trapped in oxygen vacancies with photo
generated holes[25]. As we increase the doping
concentration of Co into CuFe

2
O

4
, overall intensities

of the peak for all the samples decrease. This behavior
can be attributed to the appearance of new electronic
levels between the conduction and the valence band

Figure 5 : Variation of the band gap energy of Cu
1-x

Ni
x
Fe

2
O

4

(x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0)
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Figure 6 : Photoluminescence spectra of Cu
1-x

Co
x
Fe

2
O

4
 fer-

rite at x= (0.0 ,0.2 ,0.4 ,0.6 ,0.8 ,1.0)

and might be due to the increase in intrinsic defects[26].

CONCLUSION

Copper ferrite nanoparticles doped with transition
metal (Co) were successively synthesized by a co-
precipitation chemical method. The crystalline structure
of Cu

1- x
Co

x
Fe

2
O

4
 was investigated by X-ray

diffraction, which confirms that Cu
1-x

Co
x
Fe

2
O

4
 ferrites

have a cubic spinel structure as matched with JCPDS
card. It is observed that the crystallite size of nano ferrites
is found to be increased with increasing doping content.
The obtained TEM images showed that the synthesized
materials have a spherical shape with an agglomeration
of the individual particles.

The optical band gap values for pure copper ferrite
and doped copper ferrite nanoparticles was found to
be 3.72 -3.03 eV, respectively. PL spectra of pure
copper ferrite and doped copper ferrite nanoparticles
showed blue emission at 460 nm and green emission at
520 nm.
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