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The preparation of Co1xCdxFe204/Si02 nanocomposites with core/ shell structure involved the coating
of SiO2 using Stober method on Co1xCdxFe204 and the use of facile thermal treatment method for
synthesizing nanoparticles. The effect of cadmium substitution and SiO: coating on the degree of
crystallinity, samples composition, microstructure, and phase composition were conducted by X-ray
diffraction (XRD), energy dispersion X-ray analysis (EDXA), transmission electron microscopy (TEM),
and fourier transform infrared spectroscopy (FT-IR), respectively. Magnetic properties were
demonstrated by a vibrating sample magnetometer (VSM) which displayed that Co-Cd ferrite
nanoparticles and coated silica samples exhibited magnetic behaviors. In investigating the influence of
cadmium substitution and the SiO2 coating on the band gap energy (Eg), a more accurate method was

Si0, used in evaluating the band gap energy (Eg). The method of evaluation is a recently proposed one
known as derivation of absorption spectrum fitting (DASF) which involves the direct absorption
spectra of UV-Visible region, without any need for the concentration of powders or solutions.

1. Introduction

In recent times, magnetic nanoparticles have
considerably been applied in different fields such as
magnetic, electronic, and catalytic applications like
biomedical drug technology, high density magnetic
recording, magnetic resonance imaging, ferrofluid
technology, waste water treatment, data storage,
biosensors, and biocompatible magnetic nanoparticles for
cancer treatment and magneto-optical devices [1-2].

Spinel ferrites is one of the commonly known magnetic
materials with the general formula of A%* B23* 04 whereby,
A (the tetrahedral site) represents a divalent metal ion and
B (the octahedral site) represents a trivalent metal ion [3].
One of the most relevant ferrite is a reverse CoFe204 spinel
structure, where a fcc lattice is made up of oxygen atoms
and one half of Fe3+ ions occupies the tetrahedral A sites
and the other half, together with Co?* ions occupy the
octahedral B sites [4]. A typical spinel ferrite which can be
used in various fields is cadmium ferrite (CdFe204)
nanoparticles. In bulk form, cadmium ferrite has a normal
spinel structure in which all Cd?* ions are in A sites and
Fe3* ions are distributed in B sites [5]. Different
composition of cations can appropriately tailor the
magnetic properties of ferrites. When ferrite is doped with
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small amount of nonmagnetic ions such as Zn?* or Cd#, the
saturation of magnetization is augmented [4, 6].

Due to the emergence of core/shell nanocomposites in
the field of materials chemistry and other fields like
biomedical, catalysis, electronics, optics, and pharmaceutical,
it is gradually gaining more attention in the research and
practice continuum. Coating of the core particle enables the
modification of the surface, stability, ability to increase
functionality, dispersibility, regulated release of the core,
and less consumption of precious materials [7].

Through investigations that have been conducted in
recent times, it has been found that silica is more
appropriate for coating due to the fact that there is strong
bond between the surface of magnetite and silica. When
silica is used for coating, primer is not required for the
advancement of its deposition and adhesion. In addition,
silica has high chemical and thermal stabilities, non-
toxicity properties and is highly compatible with other
materials. The silica/magnetic core-shell structured
nanoparticle composites which provide wide surface areas
for binding different biological ligands or other materials
on their surface, also has the ability to be uniformly
distributed in aqueous solutions without the addition of
other surfactants in a wide range of pH values [8, 9].

Thus, the focus of the current study is the use of Cdz*
ions to substitute cobalt ferrite nanoparticles in order to
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examine its effect on magnetic, structural, and optical
properties through the use of thermal treatment method
which is a convenient and simple environmentally friendly
method. This method is also convenient in the sense that it
is less expensive, does not utilize or produce toxic
substances, and has low reaction temperatures which
makes it appropriate for use in industrial applications [10].
Moreover, a special emphasis is given to the Stober
method, which is relatively simple, effective, and well
verified for the synthesis of large and highly uniform silica
particles [11].

2. Experimental

2.1 Materials

Poly  Vinyl Pyrrolidon (PVP), Iron nitrate
Fe(NO03)3.9H20, Cobalt nitrate, Co(NO3)2-6H20, Cadmium
nitrate, Cd(NO3)2.6H20, ethanol, tetraethyl orthosilicate
(TEOS), and ammonia aqueous (25 wt%) which were used
in the experiments are all analytical grade. Distilled water
was used throughout the experiments.

2.2 Synthesis of Co1.xCdxFe;04 nanoparticles

Magnetic nanoparticles were prepared using a simple
thermal treatment. Typically, 3g of PVP were dissolved in
100 ml of distilled water at 343 K, and the obtained
transparent solution was mixed with 0.2 mmol of iron
nitrate and 0.1 mmol of cobalt nitrate and cadmium nitrate
(Fe : Co, Cd=2:1). After constant stirring of 2 h using a
magnetic stirrer, the resultant homogeneous solution was
poured into a glass Petri dish and heated at 363 K in an
oven for 20 h in order to allow the evaporation of water.
Afterwards, the obtained dried solid was ground for 20
min in a mortar to form powder. The powder was then
annealed for 9 h at 923 K in order to obtain Co-Cd ferrite
nanoparticles.

2.3 Synthesis of Co1.xCd.Fe204/Si0; nanocomposites

Following the Stober method with some modifications,
coating of Co-Cd ferrite nanocomposites with a silica layer
was carried out in a basic ethanol/water mixture at 30 °C.
The nanocomposites were first treated by using distilled
water (2 ml), ethanol (6ml), and aqueous ammonia (0.18
ml, 25 wt%). The resultant solution was then homogenized
by ultrasonic vibration in water bath. After that, under
continuous stirring, 0.22g of TEOS diluted in ethanol (1 ml)
was drop-wise added to this dispersion. After stirring for
12 h at room temperature, Co1xCdxFe204/SiO2
nanocomposites were separated by a permanent magnet
and washed with ethanol several times. Finally, the
samples were dried at 50 °C for 24 h.

3. Characterization

The Co1xCdxFe204nanoparticles and Co1-xCdxFe204/SiO2
nanocomposite were characterized through the use of the
XRD technique using a PANalytical Company X'Pert PRO
MPD type of instrument with Cu Ka radiation and a wave

length A=1.5405 A radiation so as to generate diffraction
patterns from powder crystalline samples at ambient
temperature in a 26 range of 10°-80°.

FT-IR spectra were recorded using a PerkinElmer FTIR
model 1650 spectrometer. Prior to recording the spectra,
the samples were placed on a Universal ATR Sampling
Accessory (diamond coated with Csl) and pressed. The
compositions of the samples were determined by energy
dispersion X-ray analysis (EDXA), TESCAN Company. The
microstructure and particle size of the Coo2CdosFe204
nanoparticles and Coo2CdosFe204/Si02 nanocomposite
were determined based on Transmission Electron
Microscopy (TEM) images that were obtained using a
Philips CM120 version electron microscope at an
accelerating voltage of 120 kV. Magnetization
measurements were conducted using a VSM (MDKB
model) at room temperature with a maximum magnetic
field of 10kOe. The band gap energies of the Co1-xCdxFe204
nanoparticles and Co1-xCdxFe204/Si0z nanocomposite were
characterized using UV-visible absorption spectroscopy
(Perkin Elmer Lambda 25).

4. Results and discussion

4.1.  Crystallinity, elemental composition and
microstructure of the Co1.xCd.Fez04/Si0;
nanocomposites

The structure and phase purity of the samples were
confirmed by analyzing the diffraction patterns of X-ray
powder. Figs. 1a to 1f show the XRD patterns of Co1xCdxFe204
nanoparticles with different values of Cd concentration
from (x) = 0 to (x) = 1. Also a broad peak occurred in the
precursor (Fig. 1(g)), which does not have sharp
diffraction patterns and is still amorphous. It has been
confirmed by using XRD reference cards ICCD: 22-1086
for CoFe204 and ICCD: 22-1063 for CdFez0s4 that all
samples have spinel cubic ferrite nanostructure without
any other impurity phases and the formation of a series of
solutions between CoFe204 and CdFe204. Based on the XRD
patterns in Fig.1, it is clear that crystal planes of Co1xCdxFe204 and
CoFez20snanoparticles are the same.

Fig. 2 shows the XRD patterns of Co1-xCdxFe204 /SiO2
nanocomposites with no significant changes observed in
the diffraction peaks. In addition, no characteristic peak
was observed in SiO2, which is due to the low content of
SiO2 in the nanocomposites [12].

Average crystallite size (D) of all the samples is
calculated using the Debye-Scherrer equation given by
equation (1):

D =0.92/Bcosb (1)

Where A (A =0.154 nm) is the wavelength of the X-ray
radiation used and f is the full width at half maximum
(FWHM) intensity in radian. The analysis showed that the
crystallite sizes are in the range of 13 to 27 nm. The values
of lattice parameter evaluated from the XRD spectra are
recorded in Table 1. The increase in lattice constant as a
function of Cd concentration, may be due to substitution of
large Cd2+ ions (0.97 A) by relatively small Co2* (0.74 A)

[13] ions in the system of Co1-xCdxFe20a.
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Fig. 1. XRD patterns of Co1-xCdxFe204 nanoparticles for (a) x=0, (b) x=0.2,
(c) x=0.4, (d) x=0.6, (e) x=0.8, (f) x=1, and (g) precursor.
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Fig. 2. XRD pattern of Co1.xCdxFe204/SiO2 nanocomposites for (a) x=0, (b)
x=0.2, (c) x=0.4, (d) x=0.6, (e) x=0.8, (f) x=1.

Tablel: XRD results and Lattice parameter of Co1xCdxFez04
nanoparticles

Samples Crystal size (nm) i?l:'tailzeter &)
CoFe204 18 8.3608
Co0.8Cdo2Fe204 27 8.3540
Co0.6Cdo.4Fe204 27 8.6435
Co00.4CdosFe204 13 8.6435
Co0.2Cdo.sFe204 18 8.6753
CdFez04 23 8.6852

Fourier transforms infrared spectrometer (FTIR) was
used to verify functional groups of the two samples as
shown in Fig. 3. In ferrites nanostructures, it is well known
that metal ions are distributed between two lattice sites
namely tetrahedral (A) and octahedral (B) with oxygen
atoms as their nearest neighbors. Therefore, two main
metal-oxygen bands are expected to be present in IR
spectra of the uncoated CoosCdo.2Fe204 nanoparticles as
shown in Fig. 3a. Moreover, bands appearing from 300 to
1000 cm™ are attributed to the lattice vibrations of metal
ions [14]. Higher band (v1) was mostly observed in the
range 500 to 600 cm-!, which is possibly due to the
intrinsic stretching vibrations of metal-oxygen ions (Fe3+*-

0%) at tetrahedral sites in spinel structure. On the other
hand, the lower band (vz) was observed in the range of
385 to 450 cm! indicating the presence of cation-anions
stretching vibrations at octahedral sites Co2*-02- [4]. The
broad absorption region between 3150 and 3450 cm and
the peak at around 1628 cm can be attributed to the
stretching vibration of hydrogen-bonded OH groups [15].
An absorption band at around 2350 cm-is attributed to
adsorbed or atmospheric COz [10]. FTIR spectroscopy
confirmed the presence of silica network on the surface of
the Coo.sCdo.2Fe204 nanocparticles as depicted in coated
Co0.8Cdo.2Fe204/Si02 nanocomposites presented in Fig. 3b.
These characteristic Si-O-Si peaks were at 1079 and 794
cm! [16, 17]. The absorptions in the range of 1100 to
1500 cm! correspond to M-O-M bands (metal-oxygen-
metal) such as Co-0-Co and Fe-O-Fe bands [18].
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Fig. 3. FITR spectra of (a) uncoated Coo.sCdo.2Fe204 nanoparticles and (b)
coated Coo.sCdo2Fe204/S102 nanocomposites.

Fig. 4 presents energy dispersion X-ray analysis of (a)
C00.4CdosFe204 nanoparticles and (b) Coo4CdocFe204/Si02
nanocomposites. The elemental analysis in Fig. 4a shows
the presence of Co, O, Fe and Cd which confirms the
formation of Co004CdocFe20s nanoparticles. Furthermore,
the elemental analysis in Fig. 4b indicates the presence of
Co, O, Fe, Cd, and Si which also proved the formation of
Co04Cdo.cFe204/Si02 nanocomposite. The observed results
are in accordance with expected amounts of these
elements in the nanoparticles. The calculated and
measured values of mass percent are tabulated in Table 2.
One can see that there is a slight difference between these
values, which is an evidence of homogeneous distribution
of the elements.

In order to check the morphology and mean crystallite
size, nanoparticles were characterized by using TEM
images. Fig. 5a shows the bright field TEM micrograph for
Co00.2CdosFe204 nanoparticles. It can be clearly seen that
the nanoparticles possess uniform shape and their
average particle size was 21 nm. It was also observed that
some nanoparticles were agglomerated with each other,
and that can be explained by the magneto static
interaction between particles. In fact, particles experience
a permanent magnetic moment proportional to their
volume [18]. Another reason is that several neighboring
particles fuse together so as to increase the particle size by
the melting of their surfaces [10]. The TEM image of
C00.2CdosFe204/Si02 nanocomposite is shown in Fig. 5b. It
can be seen that the Coo2CdosFez04 spherical
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Fig. 4. EDS analysis of (a) Coo4Cdo.sFe204nanoparticles and (b) Coo.4sCdosFe204/Si02 nanocomposites.

Fig. 5. TEM images for (a) Coo2CdosFe204 nanoparticles and (b) Coo2CdosFe204/Si02 nanocomposites.

Table 2: EDX quantification element of Coo.4Cdo.cFe204 nanoparticles.

Element W(%) measured  W(%) calculated
0 28.24 23.98

Fe 35.66 41.88

Co 9.56 8.83

Cd 26.54 25.2

Si - -

total 100 100

This is due to the fact that the silica matrix is not only
known to serve as spatial nucleation sites for
Co02CdosFe20s+ nanoparticles, but also to confine the
coarsening of nanoparticles while minimizing the degree
of crystallite aggregation [19]. The mean particle sizes
were estimated around 8 nm.

4.2. Magnetics and optical properties of the
Co1.CdxFez04/Si0; nanocomposites

Typical hysteresis loops of coated and uncoated
samples for different concentrations are shown in Figs. 6
and 7. The different values of saturation magnetization
(Ms), remanence magnetization (M), and coercivity (Hc) of
Co1xCdxFe204nanoparticles as well as Co1-xCdxFe204/Si02
nanocomposites are listed in Table 3. As seen in Fig. 6,
when x increases from 0 to 0.8, Ms, My, and Hc¢ decrease

from 36 emu/g, 6.48 emu/g, and 498.9 Oe to 2.59 emu/g,
0.14 emu/g, and 39.28 Oe, respectively. It is clear that
pure CoFez0s nanoparticles demonstrate ferromagnetic
behavior by increasing the concentration of cadmium.

The superparamagnetic effect becomes more intense
because of reduction of ferromagnetic behavior, so that,
pure CdFez04 nanoparticles are superparamagnetic. It is
well known that the magnetic properties of ferrite
nanoparticles depend on several parameters such as
processing conditions, chemical compositions, and
distributions of cations in tetrahedral (A-site) and
octahedral (B-site) positions. Therefore, the occupancy of
the cations in these sites determine the magnetic behavior
of the nanoparticles [20].

Difference in the saturation magnetization values can
be attributed to the surface order/disorder interaction of
magnetic spin moment and the disturbance in the spinel
structure inversion [21]. Also, the changes in
magnetization can be due to non-saturation effects of
randomly distributed small particles having high
magneto-crystalline anisotropy [22]. The distorted cation
distribution, canted spin, and presence of a dead layer on
the surface of the particles are responsible for decrease in
the saturation magnetization [23]. In the case of this
study, the decrease in Msand Mrwith Cd content may be
explained as follows; Cd?* ions weaken magnetic super-
exchange interactions between A and B sites. Cd%* ions
have larger ionic radius (0.97 &) than Co2* (0.74 A), so the
Cd?+ substitution distorts the lattice and destroys the
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homogeneous composition thereby leading to the
deterioration in ng due to antiferromagnetic coupling, and
then the net overall magnetic moment (ng= Ma-Ms)
decreases [13].

CoFe204 has an inverse spinel structure in the form of
[CosFe1-s] A [Co1-s Fe1+s] B O4, where A and B represents the
tetrahedral and octahedral sites respectively and § is the
inversion parameter. In the case of § = 1, the ferrite has
spinel structure like CdFe20s and in the other case, i.e.,
6=0, structure becomes inverse spinel and a typical
example is CoFez0s. 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 [24].

The substitution of Cd?* at B sites for Co2* may reduce
the net magnetic moment at B sites as the magnetic
moment of Cd2+ (Oug) is less than that of Co%+ (3us). This
replacement weakens the A-B  super-exchange
interactions while B-B interaction becomes prominent.
Consequently, parallel arrangement of spin magnetic
moments on B-site is disturbed. This behavior can be
better understood by Yaffet-Kittel's (Y-K) three-sublattice
model which must be used to calculate the magnetic
moment of the samples [25]. In this model, the magnetic
moment is calculated by equation (2):

ng=Mg CoSavk — Ma 2

According to this model, the magnetic moment of the B
sites is composed of two components B1 and B2, which
have equal value with the Y-K angle (ay-k) between them
[25]. This is due to the difference in the value of the
theoretical magnetic moment and experimental magnetic
moment [26]. Thus in equation 2, when surplus Cd?* ions
are substituted, B-B interaction becomes the main
exchange and the canted spins decrease the magnetization
of the ferrite [24].

Fig. 7 shows the hysteresis loops of Co1-xCdxFe204/Si02
nanocomposites. It can be seen from Fig. 7 that the
saturation magnetization values of the core-shell are
lower than those of the uncoated ferrite nanoparticles.
The decrease in magnetization values is mainly due to the
contribution of the volume of the nonmagnetic coating
layer to the total sample value. It is noteworthy that the
nonmagnetic layer can be considered as a magnetically
dead layer over the surface of nanoparticles, thus affecting
the magnitude or uniformity of magnetization owing to
quenching of surface moment [27]. Silica shell separates
each particle from its neighbors thereby decreasing the
magneto static coupling between the particles [28].

The coercivity is defined as a measure of the magnetic
strength that is required to achieve changes of
magnetization direction in a material. Coercivity in a
ferrite system is known to depend on several parameters
such as anisotropy constant, lattice imperfections, internal
strains, and grain size [29].

The values of Hc in Table 3 show that, decrease in
coercivity can be explained by considering direct effect of
Hc on anisotropy. A reason for decrease in coercivity is
that the anisotropy of spinel ferrites depends on Fe
concentration in the samples. By increasing Cd2+ in cobalt
ferrite magneto crystalline, anisotropy will decrease

through the immigration of Co2* ions to tetrahedral site by
reducing the concentration of Fe2* ions [4].

One of the most crucial things to remember is that, the
decrease in Hc is due to the fact that the higher ferrite
content consists of a greater number of domain walls. The
magnetization or demagnetization caused by the domain
wall movement requires less energy. As the number of
walls increase with crystallite size, the contribution of
wall movement to magnetization or demagnetization
becomes greater than that of single-domain rotation [30].

Therefore, the samples with higher ferrite content are
expected to have a lower coercivity. In comparison, the
coercivity of the uncoated samples is lesser than those of
the silica-coated. This can be attributed to the fact that
Co1xCdxFez04+ nanoparticles have lower magnetic
anisotropy than those samples coated by SiO2, because of
the intrinsic anisotropy of the particles enhanced by the
inter-particles dipolar fields of cobalt ferrite in silica
matrix [31].
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Fig. 6. Magnetic hysteresis loops of Co1.xCdxFe204 nanoparticles.
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Fig. 7. Magnetic hysteresis loops of Co1-xCdxFe204/Si02 nanocomposites.

The optical band gap is the most important
characteristic of materials that are good choices for
optoelectronic  applications.  Furthermore, precise

evaluation of optical band gap is very important, because
it can affect the device optimizations. Energy values
corresponding to the band gap (Eg) between the valance
and the conduction bands can be determined using well
known Tauc relation [32] given by equation (3):

oE = ao(E-Eg)? (3)
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Table 3: Magnetic and optical parameters of uncoated Co1.xCdxFe204 nanoparticles and coated Co1xCdxFe204/Si02 nanocomposites.

Sample Ms (emu/g) Hc (Oe) M: (emu/g) Band gap (eV)

CoFe204 36.44 498.90 6.48 1.61

Coo.8Cdo2Fe204 26.65 299.18 297 1.72

Co0.6Cdo.4Fe204 23.35 249.84 3.08 1.73

Co0.4Cdo.cFe204 16.94 60.76 0.70 1.72

Co0.2Cdo.sFe204 6.83 39.2 0.14 1.72

CdFe204 2.59 49.97 60.87 1.64

CoFe204/Si02 28.50 686.88 6.14 1.67

Co0.8Cdo2Fe204/Si02 30.84 42438 461 2.05

Co0.6Cdo.4Fe204/Si02 17.78 442.02 3.40 2.03

Co0.4Cdo.cFe204/Si02 13.61 102.98 0.86 2.05

Coo02CdosFe204/Si02 5.00 75.33 0.25 1.76

CdFe204/Si02 2.56 38.56 85.62 1.79

Where ao is a constant, E = hvu is the incident photon d{lﬂ[A(?»)/ﬂ}: 8

energy, a is the linear absorption coefficient. The power of d(1/3) 1 1 (5)

the parenthesis (6) is an exponent that depends on the roA,

type of the band transitions involved; e.g., 6= 1/2 or 3/2

fqr allgwed direct 1nte-r. band translltlons and forbidden Referring to E? there will be a discontinuity in the

direct inter band transitions respectively, and § = 2 or 3 ds InfAL) F'A

for allowed indirect inter band transitions and forbidden plot of vs. (1/A) at the absorption edge as

indirect inter band transitions respectively [33]. In this d(/ )

method, we need the thickness or concentration of the 1 =L. so. bv using the A - value E )

sample to be able to evaluate a using Beer-Lambert law; Y ;50 by J g » “g can be obtained
9

also this method employs the extrapolation of the linear
portion of (a E)/ 8 -E curve; this dependency on the linear
extrapolation and thickness (or concentration) of the
studied sample, can lead to some errors in the Eg-
estimation, which as mentioned before, can affect the
device optimization in applications.

In addition, in the Tauc method, the thing first required
is to find the optimum value of optical transition index (§).
Recently, a new and more precise method (called as
derivation of absorption spectrum fitting (DASF)) was
proposed by Souri and Tahan [34] and was employed on
the amorphous and nanocrystalline samples [35], and was
found not to have any of the limitations of Tauc method,
with no need of presuming 8. DASF method [34], is
represented by the following relation (4):

L AW

- IT

1 ||
- (4)

g9

| In(D) + 5 Inl * -
n n(D) + n%

Where A (A), A, Ag and & are absorption, wavelength,
wavelength corresponding to the band gap, and optical
transition index, respectively. Thus, by first derivation of
Eq. 3 with respect to the (1/A) the following, equation (5)
is obtained:

precisely and directly from E;=1239.83/2, in eV, in

which there is no any presumption about the nature of
transition (8). Figs. 8-a and b show the collective UV-
Visible spectra
respectively.

So, based on the above-mentioned viewpoints, the Eg
values of the Co1xCdxFe204/Si02 nanocomposites with
different Cd content were obtained through the use of
DASF method, as the related DASF plots of before-
mentioned bare and core-shell structures are shown in
Figs. 9 and 10 for, respectively (the relevant discontinuity
in DASF plots is depicted by a dashed-line as guide for the
eye). The band gap values were estimated for the samples
and the remarkable effects were observed by investigating
their band gap results. As observed in Table 3, the
estimated values are in the range of 1.61-2.05 eV, which
are higher and lower than those estimated for pure
CdFe204 and CoFe204 nanoparticles respectively.

In the literature, the Eg values are reported between
1.97 and 2.06 eV [33] for the CdFe204 nanoparticles and
1.2 and 1.92 eV [36] for the CoFe204 nanoparticles. Optical
properties of nanocomposites are influenced by both the
nature and quantity of nanoparticles in a matrix, along

of bare and core-shell samples,
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with the interaction at the interface between them. The
band gap is affected by several factors such as particle
size, presence of impurities, doping of substituent metal
Silica coated

ion, and structural parameters [37].
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nanoparticles that demonstrate increasing tendency in the
band gap values are as shown in Fig. 9. It may be due to
the fact that silica is a wide band gap insulator with about
11eV in the bulk form [38].
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Fig. 9. DASF plot of d{In(A/A)}/ d(1/A) versus (1/A) for an uncoated Co1xCdxFez204 nanoparticles.

Another important parameter is the charge carrier
optical transition nature, which can be evaluated based
upon the DASF approach, employing Eq. 3; in this
approach, the exact nature of optical transitions could be
determined avoiding any presumption. Figs. 11-a and b
show the typical curves of Ln(A/A) vs Ln(1/ A-1/ Ag) for

bare CoFe20s4 and CoFe204-SiO2 core-shell structures,
respectively. As illustrated in Fig. 11, § (optical transition
index) was determined from the slope of the linear part of
Ln(A/A)- Ln(1/ A-1/ Ag) plots. Results for the mentioned
samples was around 1/2, which confirm the direct gap
nature of the samples.
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5. Conclusion

Co1xCdxFe204/Si02 nanocomposites with core/ shell
structure were prepared by coating of SiOz via the Stober
method on Coi1xCdxFez04+ nanoparticles and were
synthesized by facile thermal treatment method. XRD
patterns confirmed spinel ferrite structure for uncoated

b: Co Fe,0,-5i0, &P
.

-14 -13 -12 -11 -10 -9 -8 -7 -6
Ln (1/A-1/A)

and SiOz coated nanocomposites. Increase in lattice
parameters with increasing Cd2?* concentration was
observed due to larger Cd2* ionic radii. The FTIR spectra
survey exposed the tetrahedral and the octahedral sites
for uncoated and coated samples and confirmed the
presence the bonds of Si-0-Si for coated samples. The
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EDS analysis revealed the concentrations of Co, Cd, O, Fe,
and Si included in the  Co00.4CdosFe204/SiO2
nanocomposites. TEM images disclosed the fine
configuration and the thin size distribution of the
nanoparticles as well as the uniform distribution of ferrite
nanoparticles which dispersed in silica matrix. The
changes in magnetic behaviors were attributed to the
redistribution of cations between tetrahedral and
octahedral sites upon replacement Cd2* ions. The
saturation magnetization and coercivity decreased with
increasing Cd%* concentration as a result of the lower
anisotropy of Cd?*ions in comparison with Co?* ions and
smaller magnetic moment per formula unit. Silica played a
separation role among the nanoparticles to prevent the
agglomeration and coarsening and therefore reducing the
interparticle and magnetic dipolar interactions. The band
gap energy (Eg) was estimated through the use of a precise
DASF method, and so the influences of cadmium
substitution and the SiO:z coating on the band gap energy
(Eg) were investigated. It was found that the addition of
SiO2 content to ferrite, leads to increase in optical band

gap (Eg).
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