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We report structural, electrical and magnetic properties of Cu doped Co ferrite nanoparticles prepared by
sol-gel method. Analysis of structural properties has been carried out by using XRD and reveals that all
samples have single phase cubic spinel structure. The permittivity (&), dielectric loss (tan ) and ac con-
ductivity (o) were determined at room temperature as a function of frequency. The results of dielectric

properties indicated the normal Maxwell-Wagner type dielectric dispersion due to interfacial polariza-
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tion. Complex impedance spectroscopic studies reveal that the conduction in these samples is through
the grain boundaries. Room temperature magnetic hysteresis measurements infer that the saturation
magnetization decreases with Cu doping which may be due to the difference of the magnetic moment of

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Recently, the material science research is focused on the inven-
tion of new materials with the enhanced properties and novel
synthesis techniques to cope up with the increased technological
demand. Nanocrystalline materials are the centre of the attention
due to their tremendous applications and interesting properties.
The properties of nanomaterials are remarkably different than that
of their bulk counterpart. The interest in the ferrite nanoparticles is
due to their important physical and chemical properties for various
technological applications such as high density magnetic storage,
bubble devices, electronic communication devices, sensors, mag-
netically guided drug delivery [1-3], etc. The major advantages of
the ferrite material is that they yield higher efficiency, low cost,
and appropriate dielectric loss and hence find potential applica-
tions in microwave devices and memory cores [4,5]. Ferrites show
the excellent properties when the particle size approaches in the
nano range [6]. Cobalt ferrite is a hard magnetic material having
cubic spinel structure and attracted considerable attention of the
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scientific community due to which it can be used as one of the
competitive candidates for specific applications such as high den-
sity audio and video recording media, for controlled drug delivery,
radio frequency hyperthermia, magnetic resonance imaging (MRI)
and medical diagnostics. Because of its moderate saturation mag-
netization (~80 emu/g) and high coercivity (~5400 Oe), it is used in
microwave devices and other high frequency applications [7,8]. Its
added features are the chemical stability and mechanical hardness
[9-11].The method of preparation, chemical composition, sintering
temperature and duration, grain size, and doping additives play an
important role for tailoring properties of spinel ferrites for various
applications. Recently, several methods such as spray hydrolysis,
sol-gel, co-precipitation, combustion techniques, etc. have been
used for prepared the ferrite nanoparticles [12-14]. However, in
the present research sol-gel chemistry has been used to prepare
the Co-Cu ferrite nanoparticles, as this is simple, low cost and envi-
ronmental friendly method. Here the mixing of the cations takes
place at the molecular level, which gives a very fine, highly dense,
homogenous and single phase ferrite at low temperature.

Various groups have studied the effect of doping with differ-
ent cations to enhance physical properties of spinel ferrites [15,16].
Kumar et al. studied the effect of Ti*4 ions doping in Mg—Mn ferrites.
They observed that Ti*4 doping enhanced the electrical properties
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of Mg-Mn ferrites. Recently, Gautam et al. reported the elec-
tronic structure studies of Cu doped cobalt ferrite. They observed
that Cu ions occupy octahedral site with +2 valence state [16].
Enhanced magnetic properties of Co-Cu-Zn ferrite were reported
by Mane et al. [17]. Cu-Co ferrites for their different properties have
been reported in the literature [18-20]. But ac impedance of the
crystalline Co-Cu ferrite, which is under investigation, with a chem-
ical formula CoFe,_,CuxO4 (0 <x<0.5) was not well studied and
reported in the literature. In the present communication an attempt
is made to explore the structural, electrical and magnetic behaviour
of CoFe,;_,CuxO4 (0 <x<0.5) ferrite nanoparticles. The structural
characterization was carried out by X-ray diffraction (XRD), atomic
force microscopy (AFM), Fourier transform infrared spectroscopy
(FT-IR) and scanning electron microscopy (SEM). Magnetic studies
were carried out by using vibrating sample magnetometer (VSM),
whereas electrical properties were carried out by using dielectric
and ac impedance spectroscopy measurements.

2. Experimental

Different compositions of the CoFe,_,Cu,O4 (0.0 <X <0.5) ferrite nanoparticles
have been synthesized by sol-gel method. The analytical grade ferric nitrate, cobalt
nitrate and copper nitrate (99%, all chemicals were purchased from Sigma-Aldrich)
have been used as raw materials. The stoichiometric mixtures of the above materials
were dissolved in de-ionized water and few drops of ethyl alcohol were added to
it. Few drops of N,N-dimethyl formamide C3H;NO (Mw =73.10) were also added to
the solution to get fine crystalline particles. Using a magnetic stirrer and keeping the
temperature at 65 °C the solution was constantly stirred until the gel formation. The
formed gel was annealed at 200 °C for 24 h followed by half an hour grinding. During
this heating the gel self ignites and allow this to continue until the whole gel was
burnt out to form a fluffy loose powder. The resultant powder was then heated for 8 h
at 800 °C to remove any organic materials present in the sample while maintaining
the rate of heating and cooling at 10 °C/min and then the samples were finally ground
for half an hour [21]. For electric measurements the samples were pressed into
circular disc shaped pellets and silver pasting was applied on the opposite faces
to make parallel plate capacitor geometry with ferrite material as the dielectric
medium.

X-ray powder diffraction (XRD) patterns have been carried out by using a Rikagu
Miniflex (II) with Cu Ka radiation at a sweep rate of 2°/min. The morphological
studies were done by using AFM (Digital instruments Nanoscope-IV, with Si3Ny4
100 nm cantilever, 0.58 N/m force constant) measurements in the contact mode. The
dielectric and impedance spectroscopy measurements, as a function of frequency at
room temperature, were performed by using LCR HI-Tester (HIOKI 3532-50) in the
frequency range of 42 Hz to 5 MHz. Fourier transform infrared (FT-IR) spectroscopic
analysis was performed by using Jasco model FT-IR 310 spectrophotometer and
KBr as a binder. Magnetic measurements have been carried out on a DMS model
880 vibrating sample magnetometer. The permittivity (¢’) of the samples has been
calculated using the formula:

G xd
/= 1
&= eh ¢))

where C, is the capacitance of the parallel plate capacitor in F, d is the thickness
in cm and A is the cross-sectional area in cm? of the pellet and & is the free space
permittivity. The complex permittivity has been determined using the following
relation:

& =¢ tand (2)

where tan§ is the dielectric loss factor which gives the loss of energy from the
applied field into the sample (energy dissipated in the form of heat).

The loss tangent (tan §) of the materials is related to the resistivity of the sample
by this relation:

1

tan § = ———
27feoe’ p

(3)

Here fis the frequency of the applied field and p is the resistivity.
The ac conductivity of the samples was computed from the following relation:

Oqc = &' 8w tand (4)

where ¢’ is the permittivity, ¢ is permittivity of free space (8.854 x 10~'2 F/m), w is
the angular frequency and tand is the loss tangent.
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Fig. 1. XRD pattern of CoFe,_,Cu,04 (0.0 <x <0.5)for(a)x=0.0,(b)x=0.1,(c)x=0.2,
(d)x=0.3, (e)x=0.4 and (f) x=0.5.

3. Results and discussion
3.1. Structural properties

Fig. 1 shows the X-ray diffraction pattern of CoFe;_,CuyxO4
(0.0 <x <0.5) spinel ferrite nanoparticles at 260 values correspond-
ing to Bragg’s reflection which are characteristic features of the
single phase cubic spinel structure. All the peaks of the XRD pattern
are indexed by JCPDS as reported on ASTM cards (cards 1-1121 and
3-0864). The lattice constant ‘a’ is determined from the XRD data by
using Powder-X-software [22]. The values obtained from the analy-
sis of XRD data lie within the expected range of the lattice constant
of spinel cubic ferrites [23]. The variation of the lattice constant
with Cu?* doping for various compositions is listed in Table 1. It is
seen that the lattice constant increases with increasing concentra-
tion of Cu?* ions. The variation in lattice constant may be due to
the difference in the ionic radii of the doped ions and the replacing
ion. In the present case Fe3* ion is replaced by the Cu2* ion, as the
jonic radius of Cu2* ion (0.70A) is larger than that of the Fe3* ion
(0.67 A). Since larger ions are replacing smaller ones, an increase in
the lattice constant is expected. The average crystallite size (ty ;)
of these nanoparticles were calculated from the most intense X-ray
diffraction peak (3 1 1) using Scherrer formula [24],

0.98A
Brk1 €S Op
where A is the X-ray wavelength of the Cu Ka radiation
(A=1.5406A), 8}, is the Bragg’s diffraction angle and B, is the

full width at half maximum (FWHM) in radians of the main peak in
the X-ray diffraction pattern calculated by using Gaussian fitting.

(5)

th k1 =

Table 1
Lattice constant (a), theoretical (Dy;,) and experimental (Dey, ) densities, porosity (P),
crystallite size () of CoFe;_xCuyO4.

Comp. x a(A) Densities (g/cm?) P (%) thk (nm)
Dtho Dexp
0.0 8.462 3.707 2.755 25.68 29
0.1 8.467 3.655 2.678 26.73 29
0.2 8.469 3.639 2.625 27.86 30
03 8.471 3.617 2.599 28.14 30
0.4 8.474 3.596 2.573 28.73 31
0.5 8.477 3.575 2.547 28.75 31
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The average crystallite size ranging from 29 to 31 nm for different
doping level of copper ion and it is shown in Table 1. The X-ray
density (theoretical) is calculated by using the following relation:

8M
thl=m

(6)

where M is the molecular weight of the compound of ferrite sample,
N the Avogadro’s number, ‘a’ lattice constant and 8 represents the
number of molecules per unit cell. The apparent density (exper-
imental) of the circular shape pellet is calculated by using the
following relation:

m m
D=y =R "
where m, V, r and h represent the mass, volume, radius and the
thickness of the pellet, respectively. The X-ray density depends on
the lattice constant and the molecular weight of the sample, while
the theoretical density of the samples is calculated from the geom-
etry and mass of the samples. It can be seen from Table 1, that the
X-ray density decreases with Cu?* substitution and the apparent
densities of the samples also showed similar behaviour. The higher
value of X-ray density than that of the apparent density is due to
the existence of pores that depend on the sintering conditions [25].
The porosity of the samples as shown in Table 1, increases with
Cu?* substitution; this is due to the lower density of doping ions.
Fig. 2(a) and (b) shows the AFM typical micrographs for the sam-
ple compositions of x =0.0 and 0.3, where grains of different shapes
and sizes are observed.

3.2. Electrical properties

3.2.1. Permittivity

Figs. 3 and 4 represent the variation of real and imaginary
parts of permittivity with frequency at room temperature for
CoFe;_4CuxO4 (0.0 <x<0.5) ferrite nanoparticles with different
Cu?* composition. It can be seen from Figs. 3 and 4 that as frequency
increases both real and imaginary parts of permittivity decrease
exponentially. The decrease in both real and imaginary parts of
permittivity is rather sharp in low frequency region, as frequency
increases it remains almost constant for all the compositions under
investigation. The low-frequency dispersion in ferrites is observed
due to a space-charge effect [26]. The variation of dielectric con-
stant with frequency reveals dispersion due to Maxwell-Wagner
[27,28] type interfacial polarization and is in good agreement with
Koop’s phenomenological theory [29]. The polarization decreases
with increase in frequency and attains constant value beyond cer-
tain frequency limit.

The decrease in dielectric constant with frequency indicates that
mechanism of polarization process in ferrites is similar to that of
conducting process. By electronic exchange, Fe2* < Fe3* +e~ one
obtains the local displacement of electron in the direction of applied
field. This displacement determines the polarization in the ferrite.
The decrease of the polarization with increasing frequency may be
due to the fact that beyond a certain frequency of the electric field
the electronic exchange between ferrous and ferric ions cannot fol-
low the alternating field. Hence the dielectric constant decreases
substantially as frequency is increased. While investigating the
temperature dependence of dielectric properties and resistivity of
Ni-Al ferrite Patange et al. suggested two types of charge carriers
in ferrite [30]. The n-type charge transfer in ferrites is due to the
hopping of electrons from Fe2* to Fe3* ions according to:

Fe2t & Fe3t e~ (8)
while the P-type charge transfer exists in Cu ions according to:

Cu?t+h < cudt (9)
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Fig. 2. AFM of CoFe,_,Cu,O4 images for (a) x=0.0 and (b) x=0.3.
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Fig. 3. Variation of real dielectric constant (¢’) as a function of logf (Hz) of
CoFe,_»CuyOg4.



14 Mohd. Hashim et al. / Journal of Alloys and Compounds 518 (2012) 11-18

6000
—=—0.0
L ]
50004 | e 0.1
. 0.2
\ v 03
4000 | 0.4
I\ 4 05
=0 3000 4
2000
1000
e
04 QMJQRM
2 3 4 5 5 7
log f (Hz)

Fig. 4. Variation of imaginary dielectric constant (¢”) as a function of logf (Hz) of
CoFey_xCuxOy.

The decrease in imaginary part of permittivity is found more
pronounced in comparison to the real part of the permittivity. From
Fig. 3,itis apparent that the dispersion of dielectric constant is max-
imum for the sample x=0.1. This maximum dielectric dispersion
can be explained on the basis of the number of available Fe%* ions
on octahedral sites. In x=0.1, the concentration of ferrous ions is
higher than in the other compositions of Co-Cu ferrites at octahe-
dral sites. Therefore, the maximum polarization is possible and it
is observed for x = 0.1, this results in higher permittivity due to the
transfer of electrons between the Fe2*[Fe3* ions.

3.2.2. Dielectric loss tangent

The dielectric loss tangent, tand, determines the energy loss
within the ferrite. Dielectric loss arises when the polarization lag
behind the applied alternating field which is caused by the impu-
rities and imperfections in the crystal. Fig. 5 depicts the variation
of dielectric loss with frequency at room temperature for all the
values of x. Anomalous or abnormal dielectric behaviour or relax-
ation peaks are observed for all the samples. This peaking behaviour
is explained by Rezlescu model [31]. According to this model,
the peaking behaviour is obtained when the frequency of charge
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Fig. 5. Variation of dielectric loss tangent (tand) as a function of logf (Hz) of
CoFey_»CuyOy4.

hopping between the Fe2* and Fe3* exactly matches with the fre-
quency of the external applied field. The condition for maxima in
the dielectric losses of a dielectric material is given by the relation:

ot =1 (10)

where @ =2mfnq and T is the relaxation time. A relation exits
between the relaxation time to the jumping probability per unit
time.

1
‘L’:E (11)
O fmax &P (12)

Therefore, from the above relation it is clear that, maxima
is observed when the jumping or hoping frequency of electrons
between Fe?* and Fe3* becomes approximately equal to the fre-
quency of the applied field. It is also evident from Fig. 5 that no
peaking behaviour is observed for x=0.4 and 0.5. This may be
explained on the basis of increasing value of resistivity and decreas-
ing number of Fe3* ions at octahedral site. In the present system,
the samples with x=0.4 showed the highest dielectric loss, indicat-
ing the favorable condition of hopping between Cu%* and Fe3* ions
at octahedral site with the following relation:

Fe3+ 4+ Cut « Fe?t 4 Cudt (13)

Fig. 5 also shows that the dielectric loss for all the samples found
to be greater at lower frequencies and decreases rapidly with the
increase in frequency. This is explained on the basis of the fact that
in the low frequency region, which corresponds to high resistivity
(due to the grain boundary), more energy is required for electron
exchange between Fe2* and Fe3* ions, as a result the loss is high.
In the high frequency region, which corresponds to low resistiv-
ity (due to grains), a small energy is required for electron transfer
between the two Fe ions at the octahedral site. Also at lower fre-
quencies, high dielectric loss may be because of impurities, crystal
defects and moisture.

3.2.3. Ac conductivity (oqc) with frequency

According to Pollak [32] conductivity is an increasing function of
frequency if it takes place by hopping of charges and it is a decreas-
ing function of frequency if the band conduction is used. Normally,
the whole conductivity is the sum of the band and hopping parts:

Otot = 0o(T) + o(w, T) (14)

where the first term dc conductivity is independent of frequency,
which is due to the band conduction. The second term is the pure ac
conductivity, which is due to the hopping process at the octahedral
site. The frequency dependence of the second term o4 can be given
by the following formula:

Oac = Bo"

where B and n are constants, which depend on both the tempera-
ture and composition; n is dimensionless whereas B has the unit of
electrical conductivity. Fig. 6 illustrates the variation in Ino with
Inw of nanophase Co-Cu ferrite material of the basic composi-
tion CoFe;_,Cuy04 (0.0 <x <0.5) at different frequencies (42 Hz to
5MHz), at room temperature. It is apparent from Fig. 6 that the ac
conductivity shows increasing trend with the frequency for all the
compositions. In the low frequency region its value increases lin-
early according to the power law and in the high frequency region
ac conductivity increases gradually, which is the normal expected
behaviour of ferrite material. The increase in ac conductivity with
frequency can be explained on the basis of Koop’s model [29].
According to Koop’s model the conductivity at low frequency is due
to the existence of grain boundary while the dispersion in the high
frequency region is due to the conducting grains. The high density
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Fig. 6. Variation of Inac conductivity with log w (Hz) of CoFe;_,CuyO4.

of the interfacial states in the nano regime could serve as charge
carriers because of ionization and can also function as conduction
centres for transport of the charge carriers whereas ac conductiv-
ity is at variance with respect to the bulk and the conductivity is
found to be higher [33]. The exponent value ‘n’ calculated as a func-
tion of composition for all the samples, by plotting In o versus In
which represents straight lines with slope equal to the exponent n
and intercept parts equal to InB on vertical axis at Inw=0. Fig. 7
shows the variation of n as a function of Cu?* contents x. It can be
noticed from Fig. 7 that the exponent n is found to be composi-
tion dependent. It is reported that n has values between 0 and 1.
When n =0, the electrical conduction is frequency independent or
dc conduction, but for n < 1, the conduction is frequency dependent
or ac conduction [34,35]. In the present ferrite system, the values
of the exponent n varies in the range of 0.76-0.81, which suggests
that the conduction phenomenon in the studied sample is due to
ac conduction.

3.2.4. Complex impedance spectrum analysis

Complex impedance measurements have been used to
understand the electrical conduction mechanism of the synthe-
sized ferrite. The complex impedance measurements give the

1.0

0.8 4 y /\.\_/n 4

0.6 4
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n
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Fig. 7. Exponent value ‘n’ with Cu concentration of CoFe;_Cu,Oj.

Cg Cgb

—

Rg Rgb

Fig. 8. Equivalent circuit representation of impedance plots.

information about the resistive (real part) and reactive (imaginary
part) components of the impedance. The plot can give two semi-
circles, depending on the electrical properties of the material. The
first semicircle in low-frequency region represents the resistance
of the grain boundary. The second one obtained for high frequency
domain corresponds to the resistance of grain or bulk properties.
The impedance spectra can be obtained by using the equivalent
circuit consisting of series connecting parallel resistance (R) and
capacitance (C) as shown in Fig. 8 [36,37]. The complex impedance
of a system at an applied frequency can be written as sum of the
real and imaginary part, as follows:

ZMw)=Z'(w) +iZ"(w) (15)
where Z' and Z” of the impedance can be written as:
Rg Rg

7 = S+ . (16)
(1 + a)gCgRg) (1 + wgbcgbRgb)

2 2
7" — Rg Rgb

- 17
1+ (wgCeRe)? (17)

1 + (0gpCgpRep)?

where Rg and Cg represent the resistance and capacitance of the
grain and Ry, and Gy, represent the corresponding terms for grain
boundary, while wg and wyy, are the frequency at the peaks of the
semicircles for grain and grain boundary, respectively. The resis-
tances are calculated from the circular arc intercepts on the Z’ axis,
while the capacitances are derived from the maximum height of
the circular arcs. The maximum height in each semicircle is 2’ = -Z",
therefore by using this condition and using above relations, we can
calculate the capacitances for grain and grain boundary by using
the relations:

1

= Rewg (18)
1

Cop = 19

gb Rgb(l)gb ( )

by using the above two relations the relaxation time for grain and
grain boundary were calculated.

1
T = CgRg (20)
1
Tgh = Oap = gbRgb (21)

Fig. 9 shows the complex impedance or Cole-Cole plot (Z
versus Z’) for all the compositions as a function of frequency at
room temperature. In the present system, it is clear that only
one semi-circular arc corresponding to the conduction due to the
grain boundary is obtained, which suggests that a predominant
conduction is through the grain boundary volume. Furthermore,
contribution from grain is not well resolved in these samples. It
is therefore, concluded that the conductivity for all the samples is
mainly due to the grain boundaries. The various electrical parame-
ters calculated are shown in Table 2.
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Fig. 9. Cole-Cole plots of CoFe;_,CuyOy.

3.2.5. FT-IR measurement

The vibronic studies using infrared radiation are a good finger-
print for the local chemical bonds. According to Waldron [38], the
ferrites can be considered continuously bonded crystals, mean-
ing that the atoms are bounded to all the nearest neighbors by
equivalent forces. In spinel ferrites, the metal ions are located
into two sub-lattices namely tetrahedral (A-site) and octahedral
(B-site) according to the geometrical configuration of the oxygen
nearest neighbors. Bands v; and v, are assigned to the intrinsic
vibration of tetrahedral and octahedral complexes [38]. The differ-
ence in band positions is attributed to the difference in the Fe3*
to 02~ distances for tetrahedral and octahedral complexes [39].
Fig. 10 shows the IR spectra for x=0.0, 0.1, 0.2 and 0.3. The IR
spectra have been used to locate the band positions and their val-
ues have been given in Table 3. The higher frequency band (v;)
is observed at around 595 cm~! and lower frequency band (v;) at

Table 2
Impedance parameters of CoFe,_,Cu,O4 ferrite nanoparticles at room temperature
for grain boundary.

Comp. x Rgp Cop Tgh

0.0 3425 2.67E-7 9.00E-3
0.1 2357 6.40E-7 1.50E-3
0.2 5773 1.02E-7 5.93E-4
0.3 12,760 2.90E-8 2.00E-2
0.4 13,891 2.20E-8 3.07E-4
0.5 13,991 3.00E-9 1.08E-4

around 419 cm~!. The absorption bands observed within this range
is an indication of the formation of single phase spinel structure.
It has been observed in the present system that the band posi-
tions v; and v, changes slightly with Cu* substitution. This may be
due to the distribution of Cu2* ions (ionic radius 0.70 A), which are

Transmittance (%)

700 600 500 400
Wave number (cm-1)

Fig. 10. Fourier Transform Infrared Spectroscopy of CoFe; yCu,O4 (for x=0.0, 0.1,
0.2,0.3).
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Fig. 11. Scanning electron micrographs of CoFe,_,Cu,O4 (for x=0.0, 0.1, 0.2, 0.3, 0.4) ferrite nanoparticles.

replacing Fe3* ions (ionic radius 0.67 A) at octahedral [B] site, thus,
making slight change in the size of octahedron and eventually we
observed change in v, band position. Similarly, some of the Cu2*
ions also occupy the tetrahedral site, which results a change in v;
band position.

3.2.6. Scanning electron microscopy (SEM)

The microstructure of the presently investigated ferrite samples
was analyzed by using SEM microphotographs as shownin Fig. 11.1t
is observed from the figure that the sample without doping shows a
homogenous microstructure with small grain size distribution. Fine
grain growth is found in all these samples. By a closer look at these

Table 3

Infrared bands (v;) and (v;) of CoFe;_xCuyO4.
Comp. x V1 V2
0.0 595.2 419.26
0.1 595.9 416.91
0.2 596.5 419.15
0.3 596.7 416.24

microstructures, it is found that the grains in all these samples are
spherical in shape [40]. The grain size increases with the increase
of doping ion concentration which may be due to oxygen vacancies
and porosity that hampers the grain growth.

3.2.7. Magnetic measurement

Fig. 12 shows the magnetization versus applied field (M-H)
curve of the synthesized samples obtained by using a vibrating
sample magnetometer (VSM) at room temperature. The param-
eters such as saturation magnetization (Ms) and coercivity (Hc)
were calculated using magnetic hysteresis loop measurements.
It is observed that the saturation magnetization decreases with
increasing the copper ion concentration. This behaviour can be
explained on the basis of Neel’s two sub-lattice models [41,42].
In the ideal situation, when the prepared sample grows into a
pure inverse type spinel structure with all Co?* ions located in
the octahedral sub-lattice, the magnetization per formula unit
is represented by the net magnetic moment of that in A- and
B-sites. The interactions between tetrahedral (A) and octahedral
[B] sub-lattices in the spinel system (AB,O4) consist of inter-
sublattice (A-B) super-exchange interactions and intra-sub-lattice
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Fig. 12. M-H curves of CoFe,_,Cu,O4 (for x=0.0, 0.2, 0.3) ferrite nanoparticles sam-
ples at room temperature.

(A-A) and (B-B) exchange interactions. Inter-sub-lattice super-
exchange interactions of the cations on the (A-B) are much
stronger than the (A-A) and (B-B) intra-sub-lattice exchange
interactions [42]. The preferential occupancy of Co%* ions to the
octahedral sites in the ferrite spinel will result in decreasing the
concentration of Fe3* jons in these sites, reduce the (B-B) exchange
interactions and consequently reduce the (A-B) super-exchange
interactions. The magnetic moment can be calculated using the
relation, M, =Mp — Ma, where My and Mp represent the total
magnetic moment of the A and B sub-lattices, respectively. The
magnetic moment of Fe3* cations is fixed to be 5 g (spin only) and
that of octahedrally coordinated Co?* cations is fixed to be 3 . The
net magnetic moment for Cu?* has been taken to be 1 g, Cu®* ions
having less magnetic moment as compared to those Fe3* ions, so
the saturation magnetization is found to decrease with Cu?* doping.

4. Conclusions

X-ray powder diffraction patterns confirm the formation of
cubic spinel phase without any additional impurity peaks indicat-
ing successful synthesis of CoFe,_,CuxO4 (0.0 <x <0.5) by sol-gel
process. The average crystallite size calculated from XRD data was
found in the range of 29-31nm for different Cu?* doping. The
dielectric dispersion with frequency is explained on the basis of
electron-hole hopping mechanism. FT-IR study confirms two main
metal-oxygen bands at ~595cm~! and ~419cm~! correspond-
ing to the vibration of the tetrahedral and octahedral M-O bond
respectively, confirming the formation of single phase cubic spinel
structure of copper doped cobalt ferrite. Analysis of the complex
impedance data confirms that capacitive and reactive properties of
synthesized materials are mainly attributed due to the processes
that are associated mainly with the grain boundary. All the samples
show appreciable hysteresis with good value of saturation magne-
tization at room temperature. The less magnetic moment of Cu2*
ions decreases the saturation magnetization of the samples and
eventually decreases the A-B interaction.
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