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CuFe;04/xCe0, (x=0, 1, 5, 10 and 20 wt%) nanocomposites have been prepared by urea-nitrate combus-
tion method. The particle size of the as-prepared CuFe,04/5 wt% CeO, nanocomposite is 5-10 nm which
has been revealed from TEM and HRTEM images. The as-synthesized materials have been sintered at four
different temperatures (600, 800, 1000 and 1100 °C) for 5 h. The XRD analysis of the samples reveals that
the prepared materials possess tetragonal structure and have the composite behaviour. The 1100°C sin-
tered samples have further been characterized by FT-IR, UV-vis, SEM, ac electrical conductivity, dielectric
constant, loss tangent, and Mossbauer spectra. The SEM images clearly show that CeO, grows on the sur-
face of the CuFe,04. The electrical properties enumerate the ferrimagnetic behaviour of the synthesized
materials. The Mossbauer spectra confirm both the inverse spinel structure of the prepared materials and
the Fe3* state of iron ions.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Synthesis and characterization of nanocomposites have gained
prominent interest in recent years due to their tailor-made
properties. The term nanocomposite encompasses a variety of dis-
tinctly different materials mixed at the nanometric scale with
specific applications. Some of the reported types of nanocompos-
ites are magnetic-metal (Fe304-Au) [1], magnetic-metallic oxide
(Zn, Ni Ferrite-NiO) [2], magnetic-polymer (CoFe,04-Polypyrolle)
[3], magnetic-semiconductors (Fe304-PbS) [4], magnetic-alloy
((NigsZngs) Fey04-FeNi3) [5], magnetic-zeolite [6], etc. The
present study deals with the spinel structure (CuFe;04) made as
composite with the layered fluorite-type structure (CeO,) and its
characterization. In particular, CuFe;04 has unique characteris-
tics when compared with other metallic ferrites because of its
Jahn-Teller (Cu2*)ions. The ideal CuFe, 0, is known to be an inverse
spinel, where CuZ* ions occupy octahedral [B] sites and Fe3* ions
occupy both tetrahedral (A) and octahedral sites. However, it is
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widely known that the cation distribution in CuFe,Q4 is a complex
function of processing parameters and depends on the preparation
method of the material.

Very recently, spinel type ferrites such as CoFe;04 [7,8], NiFe,04
[9,10], ZnFe,04 [11], and CaFe,04 [12] have gained a promi-
nent interest in the field of energy storage devices especially
negative electrodes in Li-ion batteries. In this regard, we have
recently reported on CuFe;04/Sn0O, nanocomposite [13] as a poten-
tial alternative anode for Li-ion batteries. Subsequently, here we
have prepared CuFe;04/CeO, nanocomposite and characterized
the structural, electrical and magnetic properties of the materials.
The EXAFS and XANES studies of CuFe;04/xCeO, (x=0, 5, 20 wt%)
nanocomposites have been reported elsewhere [14]. CeO, is sup-
posed to be one of the most favorable candidate for the anode
material [15,16] in Li-ion batteries when compared with other
metal oxides of SnO, [17], TiO, [18], Fe; O3 [19] and NiO [20] due
to its unique properties such as large oxygen storage capacity, high
thermal stability, facile electrical conductivity, diffusivity and the
variable valency of Ce3* and Ce** [16]. Similarly, the surface modifi-
cation [21]is an important phenomenon in Li-ion batteries leading
to an enhancement of the electrochemical activity of the electrodes.
Among the surface-modified functional oxide materials [22,23],
CeO, has gained enormous interest due to an enhancement of
the electrochemical stability of the positive electrodes including
LiMl’l204 [24], LiC002 [25] and LiNi0_3C00_202 [26].
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Table 1

The quantity of the reactants for the synthesis of CuFe,04/xCe0, nanocomposites (for 100 g) and the yields

Sample Reactants (g) Yields (%)
Cu (NO3)2<6H20 Fe (NO3)3<9H20 Ce (N03)3'6H20 co (NHz)z

CuFe;04/1 wt% CeO, 99.00 332.60 2.52 158.74 88.00

CuFe;04/5 wt% CeO, 95.00 319.29 12.60 153.74 85.00

CuFe;04/10 wt% CeO, 90.00 302.00 25.20 147.85 85.00

CuFe;04/20 wt% CeO, 80.00 268.00 50.54 134.97 87.00

Hence, considering the importance of the surface modified
nanocomposites, a detailed preliminary study has been carried out
on nanocrystalline CuFe; 04 with CeO, at four different concentra-
tions of 1, 5, 10, 20 wt% prepared by simple combustion method.
The structural (XRD, FT-IR, UV-vis spectra), morphological (SEM,
TEM, HRTEM, SAED), electrical (ac electrical conductivity, dielectric
constant, loss tangent) and magnetic (Mdssbauer spectra) prop-
erties of the material have also been investigated and reported
herein.

2. Experimental

The CuFe;04/xwt% CeO, (x=0, 1, 5, 10, 20) nanocomposites were prepared
using urea-nitrate combustion method [27]. The stoichiometric quantities of start-
ing materials, viz., Cu(NOs );-6H,0, Fe(NO3);-9H,0, Ce(NOs); and CO(NH, ), were
dissolved in 100 ml distilled water. The actual quantities of the reactants for the
preparation of each nanocomposite (for 100 g) and the yields are given in Table 1.
The mixed nitrate-urea solution was heated at 110 °C, with continuous stirring. After
the evaporation of excess of water, a highly viscous gel, known as precursor, has
been obtained. Subsequently, the gel was ignited at 300°C to evolve the undesirable
gaseous products, which has resulted in the formation of desired product in the
form of foamy powder. The presented (Table 1) yields are not exactly correct. Due to
the combustion reaction, lot of products are coming out the reaction vessel. So we
cannot calculate the exact value. Subsequently, the powder was sintered at differ-
ent temperatures (600, 800, 1000 and 1100°C) for 5h to obtain ultrafine powders
of CuFe,;04/Ce0, nanocomposites.

The compound formation, phase purity and crystallinity of the ferrite materials
were identified by powder X-ray diffraction (XRD) technique using an X-ray diffrac-
tometer (PANalytical (Make), X'per PRO (Model), Cu Ko radiation; Ac, = 1.5405 A).
The FT-IR spectra of the samples were recorded with the KBr discs in the range of
400-1000 cm~! using a PerkinElmer spectrophotometer (PerkinElmer, UK, Paragon-
500 model). Diffuse reflectance spectroscopy measurements were carried out on a
Cary Varian 1E spectrometer in the range of 200-800 nm. The particle size was ana-
lyzed using TEM (JEOL-JEM 100SX microscope) operating at an accelerating voltage
of 200kV. The morphological features have been analyzed through SEM (JEOL S-
3000 Model). The ac conductivity measurements were made at room temperature
using impedance analyzer HIOKI 3532 in the frequency range of 42 Hz to 5 MHz. The
room-temperature Mossbauer measurements were made in transmission geome-
try using a conventional spectrometer in a constant acceleration mode. A °’Co/Rh
y-ray source was used. The velocity scale was calibrated relative to >’Fe in Rh. A
proportional counter was used to detect the transmitted y-rays. Mossbauer spec-
tral analysis software RECOIL [28] was used for the quantitative evaluation of the
spectra. The degree of inversion (1) was calculated from the Mdssbauer subspectral
areas (Iia)/Iig) = (fia)/fig))M/(2 — 1)) assuming that the ratio of the recoilless fractions
is fia)/fig) = 1. Here, the degree of inversion is defined as a fraction of the tetrahedral
(A) sites occupied by iron cations; i.e., the structural formula of copper ferrite may be
written as (Cu;_; Fe; )[Cuy Fe,_; |04, where round and square brackets denote sites
of tetrahedral (A) and octahedral [B] coordination, respectively.

3. Results and discussion
3.1. Structural studies

The XRD patterns of as-prepared CuFe;04/x wt% CeO, nanocom-
posites and thermally treated at different temperatures (600,
800, 1000 and 1100°C) are shown in Fig. 1. The as-prepared
(Fig. 1a) sample contains broad diffraction peaks corresponding to
CuFe,04 along with the presence of CuO and Fe,03 phases. The
observed broad peaks indicate the nanocrystalline nature of the
as-synthesized materials as well as the amorphous behaviour of
the materials. When the sintering temperature increases to 600 °C,
large number of peaks emerged that correspond to impurity phases

of precursor. In order to avoid the impurity phases, the samples
were further sintered at 800°C. As expected, the XRD pattern
reveals the formation of only CuFe,04 compound with the lattice
planes of (202),(220),(310), (311), (222), (400), (004), etc.
[14]. Samples sintered at higher temperatures of 1000 and 1100°C
exhibit very sharp and well-defined peaks confirming the increased
crystallinity of the compounds. Unfortunately, no peak for CeO,
is identified, which infers that the added CeO, is dissolved in the
spinel structure of CuFe,04 [23] or otherwise it coated on the sur-
face of the CuFe,04 particles [22]. Generally, the Bragg planes of
(422)and (440) correspond to tetrahedral and octahedral sites of
spinel type materials, respectively [29]. For CuFe;04/1 wt% CeO,
sample, the relative intensity of the XRD peak corresponding to the
(440) plane, I44¢, increases from 6.82 to 9.47 compared with the
parent CuFe,04 [28]. This indicates that the added Ce** ions enter
into the octahedral [B] sites causing the replacement of some of the
Fe3* ions from [B]-sites into (A)-sites. As a consequence, the relative
intensity of the XRD peak corresponding to the (42 2) plane 455,
increases from 6.51 to 8.14. Thus, it can be concluded that the added
Ce** ions enter into the B-sites of copper ferrite. The calculated lat-
tice constant values (Table 2) enumerate that the samples possess
tetragonal structure and the values slightly increase with the addi-
tion of CeO,, which may be due to the difference in ionic radii of
Ce** and Fe3* (r(Ce**)=0.87 A, r(Fe3*)=0.645 A). The primary parti-
clesize calculated using Debye-Scherrer formula (Table 2) indicates
the growth of particles with increasing temperature.

The XRD patterns of CuFe;04/5, 10 and 20 wt% CeO, nanocom-
posites sintered at different temperatures are shown in Fig. 1b,c
and d. It is observed that the intensity of CeO, peaks, i.e., (111) at
28° and (311) at 56.7°, in all the samples increases with increase
in CeO, wt% as well as with sintering temperature. A scrutiny of
the lattice parameter values of ¢ and a makes it clear the retention
of tetragonal structure all along. It is understood that the tetrago-
nal structure of parent CuFe,04 remains more or less intact. Thus,
addition of CeO, does not have much influence on the original
structure of CuFe,04, and hence it is presumed that a composite
has been resulted. The calculated primary particle size of the mate-
rials decreases with increasing concentration of CeO,, (see Table 2),
which is due to the formation of secondary phases that hinders the
grain growth of the primary particles [30].

FT-IR spectra of 1100 °C sintered CuFe,;04/xCeO, (x=0, 1, 5, 10,
20 wt%) nanocomposites are shown in Fig. 2. In ferrite the metal
cations are situated in two different sub-lattices namely tetrahedral
(A-sites)and octahedral (B-sites) according to the geometric config-
uration of the oxygen ion nearest neighbours. The band v, around
600cm~! is attributed to stretching vibration of tetrahedral com-
plexes and v, around 400 cm~"! to that of octahedral complexes. It
can be seen that the observed band at 570cm~! in the spectrum
of CuFe, Q4 is attributed to the stretching vibration of tetrahedrally
coordinated Fe3*—02- bonds. The similar spectral features are also
observed for all composites irrespective of the amount of added
CeO,. At higher concentration of CeO, (>10wt%), a small band is
noticed around 650 cm~!, which is due to the Ce-O vibration [31].

Fig. 3 shows the UV-vis spectra of CuFe,04 sample and of
CuFe;04/xCe0; (x=0, 1, 5, 10, 20 wt%) nanocomposites sintered at
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1100°C. The optical band gap (Eg) values are calculated from the
spectra using the following relation: (aE)? = const (E — Eg ), where «
is the absorption coefficient, E is the photon energy; Eg values can be
derived by extrapolating the linear portion of the (aE)? vs. Eg plot.
The « and E can be converted from the absorbance, A, using the
relationship o =(A xIn10)/d and E=1240/X;, respectively, where
d is the thickness of the material and Ap is the wavelength [32].
The optical band gap values obtained are 2.63, 2.68, 2.54, 2.53, and

A(311)

(a)

375

2.46 eV for CuFe;04/xCe0, (x=0, 1, 5, 10, and 20 wt%), respectively,
which shows that the materials have semiconducting behaviour.

3.2. Morphological studies
Fig. 4 shows the SEM images of CuFe;04/xCeO, (x=1, 5

and 20wt%) nanocomposites sintered at 1100°C. Smooth and
well-defined grains with grain boundaries are observed in

(b)

( | 1000°C
....._._.._..«..Jv'...ua v LLA...J\._J A NJJI-M_J WA y o—
El -
@ E)
3 )
= £
@ 800°C =2
S @
] c
= T 2
E E
[ . g ‘ | = g
| I = = T =
‘ n = u
.I w. | S0 N e | | e00°c
| Vb | [ ] | |
ww\w'ﬁ" W g e pngi —-/’\««-j Wi/ iyl MM\JH/ Vil W s b Wi o
As red
RISES As prepared
I T T T T T 1
20 30 40 50 60 70 80
26 (degree)
© ™. < . oo
= & =
ge < Zg
a g.ﬁAn- =5 ¥ Voog = =
dvg§ 8§ s¥g ¢ £g
B8 S R
A A Ak AV i ¥ A,
! n A " ! I
5 1000°C 1000°C
S P 1 T O P N
TNRVLYE b A ) W L
= —_
d S
8 ©
> = 800°C
® )
c @
(7] c
= &
- s =]
‘ & & =
g ¢ B B
e Co I 600°C | f a = ; 600°C
Rt b | i ., | i Ty N
. LT O RPN O P TI STRROY PO0T PO RIS VLS A TW L R W ST P

As prepared

26 (degree)

26 (degree)

Fig. 1. XRD patterns of CuFe;04/1 wt% CeO, (a), CuFe;04/5 wt% CeO; (b), CuFe;04/10 wt% CeO, (c), CuFe;04/20 wt% CeO, (d) nanocomposites; (o) CuFe;04, (@) CuO, (W)

Fe, 03, (V) CeO,.
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Table 2

XRD parameters (lattice constants a and c, and grain size D) of the CuFe,04/xCeO, nanocomposites

Sample Parameters Sintered at °C
Green 600 800 1000 1100

a(A) 8.3546 8.2778 8.2667 8.1612 8.2613
3 o(A) - 8.4784 8.6577 8.5113 8.6566

s 0 il (28 GEC cla - 1.024 1.047 1.042 1.005
D(nm) 12+34 18446 25+4.9 32442 49462
a(A) 8.3726 8.3099 8.2646 8.2076 8.2582
. o(A) - 8.3783 8.6561 8.5708 8.6481

PR EE cla - 1.008 1.0473 1.044 1.047
D(nm) 8+49 15+4.7 21426 28456 4+7.1
a(A) 8.3986 8.2854 8.2775 8.2789 8.2631
3 o(A) - 8.3636 8.6373 8.6442 8.6459

B cla - 1.009 1.043 1.044 1.046
D(nm) 5422 10+45 16+3.9 25442 37466
a(A) 8.3657 8.2833 8.2672 8.2767 8.2607
. o(A) - 8.3401 8.6555 8.6647 8.6521

L O s 20 cla - 1.006 1.046 1.046 1.047
D(nm) 5415 8446 15432 23+48 31478

CuFe,04/1 wt% CeO, nanocomposites. When the concentration of
CeO,, increases above 5 wt%, CeO, grows up on the CuFe,04 parti-
cles and modifies its surface, which is obvious from the SEM image.
As well as the grain size of the materials decreases with the increas-
ing concentration of CeO, due to the hindering of grain growth [33].
This is the most important favorable property for delivering better
electrochemical performance of the electrode materials [21-26].
The crystallinity, particle size and morphology of the as-
prepared CuFe;04/5 wt% CeO, nanocomposites were studied using
TEM, HRTEM and SAED methods. The TEM image (Fig. 5a) shows
that the particle size of the as-synthesized nanocomposite are in
the range of 5-10nm and the particles are found to be polydis-
persed materials. The HRTEM image (Fig. 5b) confirms the presence

(e)

(d)

(©)

% T

(b)

()

I I Y S I N N
900 800 700 600 500

1000 400
v, cm-1

Fig. 2. FT-IR spectra of CuFe,04/x wt% CeO, nanocomposites: (a) x=0, (b) x=1, (c)
x=5,(d)x=10and (e) x=20.

of CeO, phase and the ferrite material. The CuFe;04 spinel (220)
planes with a d value of 2.92A and layered CeO, (111) planes
with a d value of 3.33 A are observed, which confirm the composite
nature of the as-prepared particles. SAED pattern (Fig. 5a(inset))
of CuFe;04/CeO, nanocomposites depicts well-defined rings for
CuFe;04. The presence of bright spots for CeO, may be attributed to
the composite and polycrystalline nature of the prepared materials.

3.3. Electrical properties

The frequency-dependent ac conductivity of the samples
CuFe;04/xCe0; (x=0, 1, 5, 10 and 20 wt%) measured at room tem-
perature is shown in Fig. 6. It is well known that three different
effects are involved in the ac conductivity, i.e., electrode effect, dc
plateau, and defect processes [34]. It can be seen that two different
regions are observed in the conductivity plot within the measured
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Fig. 3. UV-vis spectra of CuFe,;04/x wt% CeO, nanocomposites: (a) x=0, (b)x=1,(c)
x=5,(d)x=10and (e) x=20.
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Fig. 4. SEM images of (a) CuFe;04/1 wt% CeO,, (b) CuFe,04/5wt% CeO, and (c)
CuFe;04/20 wt% CeO, nanocomposites.

frequency window. One is low frequency plateau region and the
other is high frequency dispersion region. At high frequency, all
the curves are merged together indicating the formation of disor-
dered solids. The plateau region shows the frequency-independent
behaviour corresponding to the dc conductivity. The frequency
dependent behaviour is observed at higher frequency which corre-
sponds to ac conductivity and obeys the Joncher’s Power law [35];
0w=04c(1+(ffp)"), where n is the frequency exponent in the range
of 0<n<1, o4 is the dc conductivity, fand f, are applied frequency
and relaxation frequency, respectively. According to the literature,
an n value smaller than unity indicates the conduction through
hopping mechanism and above one is due to localized hopping
[36]. Below the relaxation frequency, the conductivity is constant
and frequency independent. Above f, the conduction mechanism is
believed to be sub-diffusive and the conductivity is ac conductivity

s ol
L3
o ::} 200 LV 1 X 716000 %
v 7 T A s e

Fig. 5. TEM (a), HRTEM (b) and SAED ((a) inset) images of CuFe;04/5wt% CeO,
nanocomposites.
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Fig. 6. ac electrical conductivity of CuFe,04/x CeO, nanocomposites.
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Fig. 7. Dielectric constant (&’) vs. frequency of CuFe,04/x CeO, nanocomposites.

that depends on frequency. In this region, the transport is domi-
nated by the contribution of hopping of infinite clusters. According
to electron hopping model suggested by Heikes and Johnston [37],
the conduction mechanism is the hopping of Fe?* and Fe3* ions as
well as Cu?* and Cu'* in the adjacent octahedral sites in the spinel
lattice. Fig. 6 also explains the effect of CeO, addition on the fre-
quency dependent ac conductivity of CuFe;0Qy4. It can be observed
that at low frequencies no significant improvement of the electrical
conductivity of CuFe,04 could be observed while at higher fre-
quencies the conductivity increases with the increasing addition
of CeO, up to 10 wt%. This may be explained by the fact that when
an ion with variable valency enters the structure, charged vacan-
cies are produced in order to maintain the local charge neutrality.
Since Cu?* jons are substituted by Ce** ions, negative ion vacancies
or oxygen vacancies are created which result in high conductivity
[38]. At higher concentration of CeO, (>10 wt%), the conductivity
values decrease due to the formation of large number of secondary
phases, which hinders the electron hopping between the adjacent
sites [33]. In general, the tetravalent ions act as the electrostatic
trapping centres when they are substituted in the spinel matrix and
thereby reduces the conductivity. Similar observations have also
been reported for Ti#* substituted MgFe,04 and Ce** substituted
NiAl,04 [29,39].

The frequency dependent dielectric constant (&’) of
CuFe,04/Ce0, nanocomposites measured at room tempera-
ture is shown in Fig. 7. It can be seen that & decreases with
increasing frequency and gets saturated at higher frequency. The
decrease in dielectric constant with increasing frequency is due to
the fact that the electronic exchange between the Fe2* and Fe3*
ions cannot follow the externally applied frequency and will also
obey the Debye relaxation process. On the other hand, the non-
Debye behaviour is observed at high frequencies, which indicates
the possible cation motion through the conduction pathways.
It is seen that the values of dielectric constant decreases with
increasing concentration of CeO,. This variation mainly depends
upon the number of space charge carriers and the resistivity of the
samples, i.e., the increase in resistivity with the addition of CeO»,
prevents the flow of space charge carriers and therefore low value
of dielectric constant is observed [40].

Fig. 8 shows the variation of loss tangent with frequency for all
the samples measured at room temperature. At low frequency the
loss tangent is very high because the energy required for the elec-

tronic exchange between Fe2* « Fe3* is large and it decreases with
increasing frequency. At higher frequencies, lower energy is enough
to maintain the charge and hence the loss tangent is low. The mech-
anism can be correlated with the Koops bi-layer formation. At lower
frequency, the grain boundary effect is predominant and so the
resistivity of the materials is high while at high frequency, the max-
imum conductivity is observed due to the larger grain effect. Fig. 8
also explains the effect of CeO, on the loss tangent values of cop-
per ferrite. At low frequency the loss tangent values increase with
increasing concentration of CeO, and at high frequency, the val-
ues are low compared to the pristine copper ferrite. The dielectric
relaxation peaks are observed at 30 kHz for CuFe,04 and 20 kHz
for 1,5 and 20 wt% CeO, composites. This happens when the jump-
ing frequency of the localized charge carriers are approximately
equal to the externally applied frequency. The appearance of dielec-
tric relaxation peaks could be related to the collective contribution
of both the type of charge carriers, which could be explained by
Rezlescu model [41]. For CuFe;04/10 wt% CeO, composite, no peak
is observed in the measured frequency window. However, it seems
that the peak may have fall below the frequency range of 20 kHz.
Similar types of observations have already been reported for Ti%
substituted Li-ferrite and Zn substituted Li-MgFe,04 [42,43]. The
observed shifting of relaxation frequency compared with the par-
ent CuFe,0y is due to the decreasing concentration of Fe2* ions in
the octahedral sites, which is responsible for the polarization pro-
cess due to the addition of foreign ions [44]. Even though, at lower
frequencies the 10 wt% CeO, sample shows the largest loss tangent
values, which is due to its conductivity.

3.4. Magnetic properties

The Mdssbauer spectra of CuFe;04/xCe0; (x=0, 1,5, 10, 20 wt%)
samples measured at room temperature are shown in Fig. 9. The
strategy for fitting the Modssbauer spectra was based on the fact that
owing to the supertransfer mechanism in spinel ferrites [45,46],
the Fe3*[B] ion experiences local fields that reflect the distribu-
tion of magnetic ions in its neighbourhood, i.e., the Fe3*[B] ion is
very sensitive to the number of its (A)-site nearest magnetic neigh-
bours. This results in a broad distribution of the [B]-site magnetic
hyperfine fields (|B]-site subspectrum displays a broadening). Thus,
the subspectra belonging to octahedrally coordinated iron cations

75
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B 24
50+ X o o CuFe,04/1wt% CeO,
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Fig. 8. Dielectric loss tangent vs. frequency of CuFe,04/x CeO, nanocomposites,
(Inset shows the relaxation frequency of the composites).
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Fig. 9. Mossbauer spectra of CuFe;04/x wt% CeO, nanocomposites: x=0 (a), x=1 (b), x=5 (c), x=10 (d) and x=20 (e).

were fitted with a broad field distribution characterized by Gaus-
sian width of the magnetic field component o ~ 1.9 T. On the other
hand, local magnetic fields experienced by Fe3*(A) are independent
of the detailed distribution of magnetic [B]-site nearest neighbours
[47-49]. Thus, the (A)-site lines were fitted with a narrow field
distribution characterized by Gaussian width of about 0.4T. The
spectra of all the samples show two well-defined sextets belonging
to the tetrahedral and octahedral sites of Fe3* ions, which confirm
that the synthesized materials possess inverse spinel structure. The
sextet with the lower isomer shift and hyperfine field values cor-
responds to the tetrahedral sites and the higher isomer shift and
hyperfine field values exhibit the octahedral sites. The measured
values of isomer shift (IS), quadrupole splitting (QS), magnetic
hyperfine field (B), Lorentizan line width (I”), relative intensity (I)
and degree of inversion (1) are given in Table 3.

Table 3

It is well known that the isomer shift of Fe2* and Fe3* ions lies
within a range of 0.6-1.7 mms~! and 0.1-0.5mm s, respectively.
The isomer shift values given in Table 3 enumerate that the iron ions
in CuFe,04/xCe0, (x=0, 1, 5, 10, 20 wt%) samples are present only
in the Fe3* state. Due to Ce#* substitution interestingly, no change in
the oxidation state of iron ions is observed in all the samples. There
is no systematic change in the isomer shift values of all the sys-
tems, which implies that the s-electron density is not much altered
with the CeO, addition. The values of quadrupole splitting of the
composites are negligibly small, which is attributed to the over-
all symmetry of the Fe3* surroundings, which is maintained with
the addition of CeO,. Compared with all the nanocomposites, the
parent CuFe,0,4 exhibited a slightly enhanced value of QS, which
indicates an altered distribution of ionic charges in the sub-lattices
[50].

Mossbauer parameters of the CuFe;04/xCe0, (x=0, 1, 5, 10, 20 wt%) samples measured at room temperature

Compounds Maossbauer parameters

IS(A) (mm 571) IS[B] (mm Sfl) QS(A) (mm s1 ) QS[B] (mm s1 ) B(A) (T) B[B] (T) r (mm 571) I(A) (%) I[B] (%) A
CuFe;04 0.1396 (67) 0.2227 (50) 0.0213 (65) —0.0525 (49) 46.830(43) 48.517 (78) 0.1828 (54) 31.3(17) 68.7 (17) 0.626
CuFe,04/1wWt% CeO,  0.1462 (39) 0.2340 (47) 0.0193 (43) ~0.1191 (50) 47140 (28)  49.19(11) 0.1682(44) 39.1(11) 609(11) 0.782
CuFe,04/5wWt% CeO,  0.1395 (64) 0.2338 (76) 0.0170 (67) —0.1067 (78)  47.171(45)  49.19(11) 0.1668 (70) 39.1(18) 60.9(18) 0.782
CuFe,0,4/10wt% CeO,  0.1414 (66) 0.2341 (82) 0.0181 (69) —0.1093 (85)  47.131(47) 49.19(11)  0.1592(74) 39.2(19) 60.8(19) 0.784
CuFe;04/20Wt% CeO,  0.1416 (47) 0.2345 (60) 0.0171 (50) ~0.1227(62)  47.118(34) 49.266(81) 0.1635(53) 40.1(13) 59.9(13) 0.802

IS: the average isomer shift; QS: the average quadrupole splitting; B: the average magnetic hyperfine field; I": Lorentzian line half-width; I: relative intensity; A: the degree

of inversion.
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The hyperfine field values of (A)-sites are slightly increased with
increasing concentration of CeO,, but no remarkable change is
observed for [B]-site hyperfine magnetic fields. The average val-
ues of the hyperfine magnetic fields experienced by iron ions in
the two sub-lattices are about 47.1 and 49.2 T, respectively, for all
the CuFe,04/Ce0O, composites. These values are characteristic for
ferric (Fe3*) ions in tetrahedral and octahedral sub-lattices of
CuFe;04 spinel [51]. The values of the degree of inversion (Table 3)
clearly indicate that the addition of CeO, caused the migration of
some of the iron ions from [B]-site to (A)-site.

4. Conclusions

This is an ever first attempt to synthesize CuFe;04/CeO,
nanocomposites by simple combustion method. XRD analysis
confirms that the synthesized CuFe,04/CeO, materials have the
tetragonal structure and the composite behaviour. FT-IR spectra
reveal the stretching vibration of the Fe—0O and Ce—O bonds. The
observed optical band gap values confirmed that the synthesized
materials exhibit semiconducting behaviour. The nanocomposite
nature of the materials has been evidenced by SEM, TEM, and
HRTEM images. The particle size of CuFe;04/CeO, nanocompos-
ites decreases with increasing concentration of CeO,. The ac and
dielectric constant values decrease with increasing concentration
of Ce0,. Mossbauer spectra confirm the +3 valency of the present
iron ions in the structure as well as the inverse spinel structure of
the prepared materials.
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