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method using metal nitrates as oxidizing agent and L-arginine as a reducing agent. The stoi-
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chiometric ratio of precursors taken was 1:2. X-ray diffraction, Rietveld, FTIR, HRSEM, DRS,
PL,and VSM techniques are carried out to characterize the samples for the structural phases,
Keywords: functional groups, morphology, optical and magnetic properties. Upon the combustion
E)l;)yt?zll r;?crrpor;(c’g’pgg method, the crystallinity and size variation of the nanoparticles were decreased from 42 nm
Surface structure to 12 nm with increasing the concentration of the dopant. The lattice parameter of the spinel

structure increases when the size of the nanoparticles reduced. FTIR spectra confirmed the

Microwave
Nanomaterials presence of metal oxides absorption bands at lower and higher frequency regimes, due to
VSM tetrahedral, and octahedral stretching vibrations respectively. HRSEM images showed the

presence of spherical particles in the nano-regime. The bandgap energy of the samples was
estimated by diffuse reflectance spectra and it decreased with increasing dopant concen-
tration which was calculated from Tauc’s relation. Photoluminescence (PL) spectroscopy
used to investigate the emission of the samples with the excitation wavelength at 414 nm
and emission at 486 nm. Vibrating sample magnetometer under applied magnetic field was
used to carry out the magnetic measurements and it revealed at decrease in saturation mag-
netization and an increase in coercivity with an increase in the concentration of Cd?* ions.
The microwave combustion method produces the ferrite nanoparticles as clean, non-toxic,
environment-friendly with high yield of product in a shorter reaction time. The future plan
of this research is to synthesize highly active catalyst for the photocatalytic mineralization
of industrial effluent in large scale.
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1. Introduction

Currently studies on nanocrystalline magnetic materials have become important in research community. As novel mate-
rials, they have attracted considerable interest on account of their optical, electrical, electronic, magnetic and catalytic
properties [1-5]. Because of their extensive magnetic properties, the ferrite nanoparticles are involved in a large number of
applications, such as, magnetic media [6,7], microwave [8,9], gas sensors [10,11], ferrofluids [12,13] and transformer cores
[14,15]. The spinel ferrites have the general formula MFe,04, where, M- stands for metal cations like Co, Zn, Cu, Ni, etc. In
these materials, by doping the third metal ion into the spinel structure, some of the ions are replaced by the third metal and
the distribution of ions can be easily altered, which leads to the changes in the properties of the nanomaterials [16]. The
effect on the magnetization depends on the site preferred by the substituents. Various parameters, such as, saturation mag-
netization, coercivity, remanant magnetization, and permittivity play an important role to identify the magnetic properties
of the materials [17]. The properties of spinel ferrite magnetic materials depend mainly on the super exchange interaction
between the metal cations in the tetrahedral and octahedral sites [18]. In the past few years, various methods have been used
to synthesize nanocrystalline materials, such as, co-precipitation, ball milling, conventional method, mechanical milling and
combustion method [19-21]. Among these, the combustion method is the most efficient one compared to other methods.
When assisted by microwave, it is known as microwave assisted combustion method. A simple, cost effective, non-toxic
and quick way to synthesize metal nanoparticles using microwave assisted combustion method leads to high quality and
better yield of the products. The crystallite size, particle size, bandgap energy, magnetization and magnetic coercivity of
the nanoparticles processed by this method are affected by varying the concentration of the dopant [22]. By changing the
parameters, such as, temperature, pH, complexing agent, and solvent polarity, one can optimize the magnetic properties.
The fuel plays an essential role in the enhanced efficiency of the reaction. For example, organic compounds, such as, glycine,
ureaq, citric acid, alanine, and L-arginine was used as fuels [23]. When the fuel is used along with the metal nitrates, it leads
to the formation of nano-regime particles, due to the exothermic reaction that takes place between the oxidant and fuel,
during the microwave radiation [24]. The mechanism involved in microwave heating method is completely different from
the one involved in conventional heating. In microwave, the material is uniformly heated on a molecular level. The heat
generated inside the microwave oven is governed by the dipole moment of the molecules. Therefore, the homogeneous heat
is generated inside the solution, which is contained in a silica crucible, and the reaction results in the enormous evolution
of fumes. Finally, the nanostructured materials are formed within few minutes of the process [25].

Nanoparticles play an integral role and have found potential applications in various streams of nanotechnology. The prob-
lem of waste disposal and pollution due to rice husk has been solved by the synthesis of nano silica. Silica in the amorphous
form constitutes 87-97% of combustion product from the rice husk. Conversion of silica nanoparticles to nanosilica has been
successful and highly applicative [26]. Granular magnetic materials due to its high degree of electronic spin polarization
are found to be applicative in the field of sensors. Ferromagnetic magnetite powders synthesized by arc-discharge method
in a partial oxygen atmosphere exhibits high intergrain spin- dependant tunneling magneto resistance [5]. Nanoparticles
also exhibit unique electrical and optical properties. Kaviyarasan et al., have succeeded in preparing Pbl; nanorods of one
dimension (1D) without implying any surfactant and capping agents [27]. Similarly, Cds (1D) nanocrystals were synthesized
by a simple hydrothermal route without using any capping agent [28]. The same method has been implied to obtain a highly
ordered MgO. AgO nanocube arrays finding its way in the field of optoelectronics [29]. CdO nanofibres (1D) have been syn-
thesized by a solvothermal method. This belongs to the family of transparent conducting oxides suitable for light emitting
diodes, anti reflection coatings, chemical sensors, and solar cells etc [30]. A two-step hydrothermal synthesis was carried
out to prepare CuSe quantum dots. These nanoparticles have good photocatalytic property for the dehydration of environ-
mental benign dye Rhodamine-B [31]. Nickel oxide nanorods prepared through sol-gel method exhibits excellent solar cell
efficiency [32]. The aim of the present study is the enhancement of structural, optical and magnetic properties of ZnFe,04
nanoparticles prepared with and without Cd2* doping. Though, there is a literature found on CdO-ZnFe,04 composites pre-
pared by the precipitation method [33], we have used microwave combustion method in the present study, which yields
the products within shorter time than the reported one. The effect of Cd2* dopant on the structural, optical and magnetic
properties is discussed using XRD, Rietveld, HR-SEM, EDX, DRS, PL, and VSM studies.

2. Experimental section
2.1. Preparation of CdxZn;_xFe;04 nanoparticles

The chemical reagents utilized in our investigation are of analytical grade and used as such without additional purification.
The precursors are zinc nitrate [Zn(NOs),. 6H;0], ferric nitrate [Fe(NOs3); -9H,0] and cadmium nitrate [Cd(NOs3), -4H,0]
and they are taken in the respective stoichiometric amounts and fuel used is I-arginine [CgH14N405]. Different molar ratio of
cadmium doped CdxZn_xFe,04 nanoparticles (x=0.0, 0.1, 0.2, 0.3, 0.4, 0.5) were prepared. They were dissolved separately
in 10 mL of distilled water using magnetic stirrer. The separately dissolved precursors were mixed together and stirred with
a magnetic stirrer for an hour to obtain a clear homogeneous solution. The obtained clear solutions were then poured into a
silica crucible and placed in a microwave oven for 10 min at 850 W output power, and frequency 2.54 GHz. In the beginning,
dehydration took place due to the solution boiling, and then the spontaneous combustion was reached within a few minutes
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Fig. 1. XRD pattern of (a) Pure ZnFe; 04, (b) Cdg.1ZnggFe;04, (c) Cdg2ZnggFe;04, (d) Cdo3Zng7Fe;04, (e) Cdo.4ZngsFe;04, (f) CdosZng sFe;04 cubic nanopar-

ticles.

Table 1

Structural and lattice parameter values of pure and Cd?* doped ZnFe; 04 nanoparticles.

Sample Crystallite Size (nm) Strain (%) Lattice Parameters (A) Fit Parameters

Pure ZnFe;04 42 0.073 8.4434 Rwp 12.73% S 1.05
Cdo.1ZnggFe;04 37 0.008 8.448 Rwp 17.47% S 1.11
Cd ¢2ZngsFe;04 24 0.110 8.4587 Rwp 20.39% S 1.19
Cd ¢3Zng7Fe;04 19 0.175 8.479 Rwp 23.47% S 1.26
Cdo4ZnogFe;04 15 0.440 8.493 Rwp 27.30% S 1.31
Cd ¢5ZngsFe;04 12 0.500 8.512 Rwp 31.38% S 1.37

followed by the release of heat by burning and the solution vaporized instantly. At the end of the reaction powder obtained
is washed with ethanol and finally dried in a hot air oven at 100°C for 1 h.

2.2. Characterization technique

The formation of structural phases is confirmed by using Rigaku Ultima IV high resolution X-ray diffractometer (XRD)
using CuKa radiation at A =0.154 nm. Since there is no XRD peaks observed in the range of 0-20°, the XRD pattern is recorded
from 20 to 80° (20) in the present study. Rietveld method is used to refine further using the PDXL programme. Perkin Elmer
infrared spectrophotometer (model RX 1) is used in the range of 4000 cm~'-400 cm~! to identify the functional groups. The
formation of nanoparticles is confirmed by HRSEM analysis using a Joel JSM6360. Cary100 UV-vis spectrophotometer is used
to calculate the band gap energy of the samples and Varian Cary Eclipse Fluorescence spectrophotometer is used to study
the emission properties of the nanoparticles. PMC MicroMag3900 model vibrating sample magnetometer (VSM) equipped
with 1T magnet is used to identify the magnetic properties of the samples at room temperature.

3. Results and discussion
3.1. XRD analysis

Fig. 1(a-f) depicts the X-ray diffraction of the as-prepared Cd?* doped ZnFe,0,4 nanoparticles (CdxZn;_xFe,04) with
different x values (x=0.0, 0.1, 0.2, 0.3, 0.4, 0.5) and compared with the ones prepared without any additional dopant. After
analyzing the XRD studies of all the samples, the reflecting planes (220), (311), (222), (400), (422), (511), (440), (620),
(533), (622) and (444) confirm the formation of single phase cubic spinel structure for pure ZnFe,04 sample. It represents
the solubility of cations into their corresponding lattice sites. The (hkl) indices help us to identify the phase purity of the
samples. Comparing the peaks of the pure ZnFe, 0,4 sample with that of the Cd2* doped Zn;_,Fe,04 samples, some additional
peaks are found to be formed with the variation of dopant values. The presence of one additional peak in the doped samples
implies the presence of trace amount of a-Fe; 03 phase as an impurity in the sample and it corresponds to a-Fe;03 phase
(JCPDS file no-89-0597). The peak obtained at 26 =33.09° corresponds to (104) plane of a-Fe;03 phase, and the values of
ZnFe;04 XRD peaks corresponds to the JCPDS Card No: 89-4926. The average crystallite sizes of the samples were calculated
by measuring the (FWHM) of the most intense peak (311) plane, by using Scherrer equation [34]. The average crystallite
size of the samples estimated from the Scherrer equation is listed in Table 1. It has been observed that the crystallite size
decreased from 42 to 12 nm with an increase in the Cd?* content. The similar result seen in other cases [35,36].
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Fig. 2. Variation the XRD patterns of (a) Pure ZnFe; 04, (b) Cdo1ZnggFe;04, (c) Cdp2ZnggFe;04, (d) Cdg3Zng7Fe;04, (€) CdoaZngeFe;04, (f) CdosZngsFe;04
nanoparticles in (311) plane.
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Fig. 3. Decreased pattern of crystallite size and increased pattern of lattice parameter of (a) Pure ZnFe,;04, (b) Cdo1ZnogFe;04, (c) Cdo2ZngsgFe;04, (d)
Cd0_3 Zl’lo_7 FEzO4, (e) Cdo_4ZI’lg_5F82 04, (f) Cdo_le’lo_S Fez 04 nanoparticles.

Fig. 2 indicates an interesting observation that with an increase in the value of the dopant, the diffraction peaks are shifted
and the increased broadening of the peak. Similar results have been reported in the literature [37,38]. This slight shift may
be attributed to the higher ionic radius of the dopant (Cd%*=0.97 A) in comparison to the pure sample (Zn?*=0.74 A). The
increase in microstrain causes small changes in 26 values and peak broadening which in turn leads to the decrease in the size
of the nanoparticles [39,40]. In this study, the lattice parameters of the synthesized sample have been calculated utilizing
the respective (h, k, ) parameter and the d-spacing values.

2 2 2 2
sin2o = [4 (h +hk + k >+1 ] 1)

4 |3 a2 c2

where A is the wavelength of X-ray used (1.5402A), 6, the Bragg angle, a and c, lattice constants, and h, k, | are Miller
indices. The lattice parameters of each composition was carried out from the above equation and listed out in Table 1. It was
described that the value of lattice parameter for each composition found to be increase with an increase in Cd2* content,
which complies with Vegards’s law [41]. This incrementation can be attributed to the size difference of the cations, since the
unit cell expands, when the superseded cation size is more immense and the supersession of more minuscule cations Zn%*
(0.064 nm) by more immensely colossal cations Cd2* (0.097 nm) [42]. Fig. 3 indicates that the fact with an increase in Cd2*
concentration, the lattice parameter increases and the average crystallite size decreases. Similar results are already reported
[43,44].

3.2. Rietveld refinement analysis

The XRD pattern for all the samples were refined by Rietveld analysis. The analogous spectra observed portrait and the
difference between the observed and refined portrait are plotted in Fig. 4.1t is a powerful method to determine simultaneously
the structural properties like crystallite size and microstructural parameters, such as, lattice parameter and lattice strain.
Structural parameters and the refinement factors (S, Rwp) are tabulated in Table 1. Blue solid line curve shows the estimated
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Fig. 4. Rietveld refinement of (a) Pure zl’lF6204, (b) Cdo_] Zn0_9F6204, (C) Cdo_zzng_8F6204, (d) Cd0_32n0_7Fe204, (e) Cdg_4Zl’10_6FEZO4, (f) Cdo_sZHo_5FEzO4
nanoparticles.

patterns. The bottom line exhibits the discrepancy between the measured and reckoned intensities. Lattice parameter and
crystallite size are influenced in grateful by the preparation technique, molar proportion of the selected precursors and the
nature of precursor. The parameters refined were background, profile half-width parameters (u, v, w), thermal parameters,
multiplier, zero shifting, lattice constants and atomic point parameters [45]. It can be seen that the refinements result in the
fulfilled reliability factors and led to a satisfactory agreement acquired between the observed and computed patterns [46].
During the refinements, the quality of fit was quantified by the corresponding reliability factor S =Ryp/Re, where Ryp and Re,
are, respectively, the R-weighted and the R-expected patterns [47]. The decreases in the peak position shifted towards lower
angles and it showed the incrementation in the lattice parameters obtained from Rietveld refinement. The lattice parameter
of pure ZnFe, 04 is found to be 8.4434 A, which is good in agreement with the standard JCPDS value of 8.441 A (JCPDS No.
22-1012). Also, the linear change in the value of lattice parameters is due to the change in the ionic radii of the replaced ions
[48]. After the doping of Cd2* ion, the values of lattice parameters and fit parameters (Table 1) are found to be increased.
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Fig. 5. Functional group analysis of (a) Pure ZnFe; 04, (b) Cdo.1ZnggFe;04, (¢) Cdg2ZnggFe;04, (d) Cdo3Zng7Fe;04, (€) CdoaZngsFez04, (f) CdosZngsFe,04
nanoparticles by using FTIR spectrum.

This may be ascribed to the differences in the ionic radii of Cd*, Zn2*, and redistribution of Zn?*, Fe3* by Cd%* within the
tetrahedral/octahedral ionic sites [49].

3.3. Fourier transform-infrared spectroscopy studies

The vibrational frequencies of the as-prepared pure and doped zinc ferrite nanoparticles were analyzed by using FTIR
spectra. All the results obtained at room temperature as shown in Fig. 5. The FT-IR spectra of pure and doped samples
exhibit four major peaks. The main absorption peak around 549 cm~! corresponds to the metal oxygen bands (Met—O) in
tetrahedral sites [37,38]. Another peak around 434 cm~! is attributed to the metal oxygen band (Myct—O) with octahedral
sites. The peak which appears at 774 cm™! is assigned to metal-oxygen-metal (Zn—O—Fe) bands [50]. The band observed at
1364cm! is ascribed to the stretching vibrations of O—H bond, which may be due to the absorption of water [51] during
the preparation of the sample with KBr.

3.4. HRSEM analysis

The morphological studies of the as-prepared samples are examined by using high resolution scanning electron
microscopy (HRSEM) and are shown in Fig. 6(a-f). Microstructure analysis provides information related to the average
particle size and nature of grain growth, which in turn the magnetic and electrical properties of materials. The samples
prepared by using microwave combustion method with different concentration (x=0.0, 0.1, 0.2, 0.3, 0.4, 0.5) exhibit uni-
form and spherical shape. In Fig. 6a, the particles are tiny in size and they were tightly bound as the agglomerated form of
nanoparticles. But, Fig. 6f shows that the particles that are bigger in size and loosely bounded. The increase in the particle
size is due to the Cd2* ions that occupies the grain boundary or octahedral sites. Since, the Cd2* ion has larger ionic radius
than Fe3* ions, it may not be possible to occupy the tetrahedral sites. The occupancy of Cd2* ions in the octahedral sites
may increase the particle size of the nanoparticles. The mild growth of the dopant content makes the surface denser and
decreases the crystallinity and particle size. Hence, surface morphology of the samples depends upon the nature of the
precursor, dopant concentration and method of preparation.

3.5. UV-vis spectra and optical band gap studies

Fig. 7 shows the UV-vis reflectance spectra of ZnFe,04 nanoparticles prepared with and without dopant. One of the
most consequential optical parameter is the bandgap energy. The reflectance of the nanoparticles is required to rely upon
few variables, for example, crystallite size of the nanoparticles, bandgap energy, lattice parameter, and oxygen inadequacy,
structure of nanoparticles, surface unpleasantness and contamination centers. The optical band gap energy of the samples
are investigated by Kubelka-Munk function (i.e., F(R) vs. photon energy graph). The reflectance spectrum reveals the Tauc’s
extrapolation equation as,

ahv = A(hv-Eg)" (2)

Where, o is absorption coefficient, h, the Plank’s constant, A, a constant, v, the photon energy, Eg, the bandgap energy, and the
value of n denoted as n=1/2 for direct bandgap and n =2 for indirect bandgap of semiconductor materials [52]. The estimated
bandgap values of the CdxZn;_xFe;04 (x=0.0, 0.1, 0.2, 0.3, 0.4 and 0.5) samples are 1.97, 1.92, 1.85, 1.83, 1.78, and 1.74eV
respectively. From Fig. 7, it is observed that the difference in bandgap energy and the crystallite size may be attributed to the
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Fig. 6. Morphology of (a) Pure ZnFe, 04, (b) Cdg1ZnggFe;04, (c) Cdo2ZnosFe;04, (d) Cdg3Zng7Fe;04, (€) CdgaZngeFe;04, (f) Cdg5ZngsFe;04 nanoparticles
using HR-SEM images.

increase in the doping concentration [53]. This result indicates that the pure zinc ferrite has strong absorptive power, but in
the case of doped zinc ferrite, the absorptive power decreases. The values of bandgap energy are moderately lower in the
doped samples and higher in pure samples, when compared to that of single crystalline bulk value (1.9 eV). It indicates that
the particle size approaches to nano-regime, since the bandgap value decreases and also it could be clarified on the basis of
increment in the lattice parameter with increasing dopant concentration. It might be due to the higher ionic radii of Cd%*
ions, when compared to Zn%* ions [53]. The reduction in the bandgap energy may be attributed to the vacancies present in
the intergranular regions, chemical defects, and interface imperfections in the agglomerated nanocrystals, and additional
sub-bandgap energy that are affected by the abundant surface [54].

3.6. Photoluminescence analysis

The photoluminescence (PL) spectrum is an important tool to identify the optical and electronic properties of the syn-
thesized semiconducting materials. It gives the information about the recombination phenomena and bandgap energy with
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Fig.7. Estimation of band gap energy of (a) Pure ZnFe, 04, (b) Cdg.1ZnggFe;04,(c) Cdp2ZnggFe;04,(d) Cdo3Zng7Fe204,(e) Cdo.aZngsFe; 04, (f) CdosZngsFe,04
nanoparticles using DRS studies.
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Fig. 8. Optical properties of (a) Pure ZnFe; 04, (b) Cdg.1ZnggFe;04, (c) Cdp2ZnggFe;04, (d) Cdo3Zng7Fe;04, (e) Cdo4ZngsFe; 04, (f) CdosZng5Fe; 04 nanopar-
ticles by using PL spectrum.

corresponding sub-bandgap deficiency states. The photoluminescence spectra are sensitive to the surface defects and it
depends on the synthesis conditions, intensity of incident beam, dopant and its concentration, size and morphology of
the samples and the excitation energy. The broadening of the spectra is mainly due to the particle size and particle size
distribution. The crystallite size and surface defects of nanoparticles not only decrease the intensity of the peak but also
influence the optical properties, such as bandgap energy. In the present study, Fig. 8 shows that the major peak present in
the PL spectra for undoped and Cd?* doped ZnFe,04 (x=0.0, 0.1, 0.2, 0.3, 0.4, 0.5 mol) around 486 nm that can be ascribed
to blue emission [55]. The blue emission is attributed to the deep level visible region with localized levels in the bandgap
energy. The excitation wavelength was fixed at 414 nm. When the Cd2*content are increased, the intensity of emission peak
is shifted to a lower wavelength, which could be due to a small variation in the Cd?* distribution existing at the atomic scale.
The intensity of emitted peak and the crystallite size decreases with an increase in the concentration of Cd2* ions. Then, the
maximum emission is shifted to lower energies, and is related to the quantum confinement effect [56].

3.7. Magnetization studies

Fig. 9(a-b) shows the distinctive magnetic properties recorded for the samples. The magnetic studies were carried out
using vibrating sample magnetometer (VSM) and applied magnetic field (H¢) was plotted against saturation magnetization
(Ms). It depends upon anisotropy, density, A-B exchange interactions and grain growth [57]. The values obtained from
the magnetic curve are listed in Table 2. From this table, it is clear that the value of saturation magnetization for the pure
samples is slightly greater than that of the doped samples. The decrease in the saturation magnetization in the doped sample
might be due to the redistribution of cations (Cd2*, Zn2*) between the tetrahedral and octahedral sites [58]. The decrease in
crystallinity and particle size with the decrease in the saturation magnetization is due to A-B super exchange interactions,
and surface effects. The value of coercivity is increased by the increment in the Cd2* content, which might be attributed to the
Cd2* ion replacement by Zn2* ions. Cd2* ions have the strong preference to occupy the octahedral site because magnetization
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Fig. 9. Magnetic properties of (a) Pure ZnFe,04, (b) Cdg1ZnggFe;04, (c) Cdo2ZnggFe;04, (d) Cdo3Zng7Fe;04, (e) CdoaZnggFez04, (f) CdosZngsFe;04
nanoparticles using RT magnetic spectrum.

Table 2
Magnetic parameters of pure and Cd?* doped ZnFe;0, nanoparticles.
Sample Hc (Oe) Mr(memu/g) Ms (emu/g)
Pure ZnFe,04 15.85 9.07 3.174
Cdo.1ZnggFe;04 16.42 7.097 2.251
Cdo2ZnpgFe,04 18.37 4.994 1.889
Cdg.gznol7F€204 19.38 4,798 1.857
Cdo4ZnosFe;04 22.12 4.093 1.784
Cdo5ZngsFe;04 22.15 4.063 1.546
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Fig. 10. Variation of applied magnetization and coercivity of (a) Pure ZnFe;04, (b) Cdo1ZnogFe;04, (c) Cdp2ZnggFe;04, (d) Cdp3ZngsFe;04, (€)
Cdo.4ZnggFe; 04, (f) CdosZnosFe;04 nanoparticles.

decreases and Cd2* ion are non-magnetic (Fig. 10). There is a super exchange interaction occurring between the ions and
the magnetic moment of the unit cell decreases with an increase in the concentration of Cd2* ions. The low coercivity values
obtained in the pure sample indicate that the sample is soft ferromagnetic in nature and can be demagnetized easily. The
increase in coercivity might be due to the magnetocrystalline anisotropy and anisotropy exchange due to the spin disorder
at the surface of the particles. The high coercivity and low saturation magnetization value obtained for the doped ZnFe,;04
samples is due to the presence of the defects in the crystalline lattice, and large magnetic anisotropy which inhibit the
alignment of magnetic moment in the magnetic field [59].

4. Conclusions

The Cd2* substituted zinc ferrite nanoparticles can be easily prepared via microwave assisted combustion method. The
XRD pattern shows that pure zinc ferrite in single phase is formed. But the addition of Cd2* gives rise to the formation of
secondary phase due to the presence of a-Fe;03. The lattice parameter increases with increasing cadmium substitution and
obeys Vegard’s law. The R-factor value decreases and is refined by Rietveld analysis. The results of FTIR spectra indicate the
presence of metal oxide band in the sample. HRSEM images reveal that both the pure and the doped samples consist of
almost spherical shape nanoparticles. The PL spectra of the samples are obtained at the excitation wavelength of 414 nm.
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Finally, in the VSM analysis, the saturation magnetization decreases and the coercivity increases. With the addition of dopant
Cd?Z*, the value of crystallite size and saturation magnetization decreases and there is a considerable improvement in their
structural, optical and magnetic properties.
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