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Abstract

In this study, we have successfully synthesized ZnFe;O4 nanoparticles by the one-step chemical route
method. The structure of the sample was identified as a tetragonal phase by the X-ray diffraction (XRD)
studies. Scanning electron microscopy (SEM) analysis showed the uniform spherical distribution of the
particles with the range of 20 nm to 60 nm. The formation of metal-oxygen bonds (Zn—0O and Fe—O) was
confirmed by absorption bands observed at 531 cm™ and 497 cm™ in the Fourier transform infrared
(FTIR)spectrum. The optical bandgap of the synthesized ZnFe;O4 nanoparticles was estimated from the
Tauc plot as 5.37 eV based on the absorption spectrum resulting from UV-vis studies. Electrical
performance including dielectric loss, dielectric constant, and permittivity, of the prepared Zinc ferrite
nanoparticles were studied and the behavior of the sample at various temperatures was plotted and
interpreted.
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1. INTRODUCTION

The production of nanomaterials and
various nanostructures is of great interest
because of its shell effect. Metal oxides like
Zn0O, FeO, NiO, MnO, etc., have limited
applications because of their narrow optical
bandgap and magnetic properties [1-5].
WOs.x doped ZnFe>Os4 semiconductor
prepared by the combined method of
hydrothermal and calcination methods
showed a good Photon-Fenton activity due
to the effective charge transmission and the
faster LVX degradation [6]. If these metal
oxides were combined utilizing any
physical or chemical methods, they could
be converted as a suitable material for
numerous applications. Various factors like
temperature, pH, synthesis method, and
calcination temperature modify the physical
and chemical properties of nanomaterials
and nanocomposites [7-9]. Recently

researchers have been concentrating on the
preparation of metal ferrites because of their
enhanced magnetic properties and their
applications in many fields. Many ferrites
including zinc ferrite, nickel ferrite,
manganese doped zinc, and nickel ferrites
found to have superparamagnetic behaviors
and due to this reason, they find
applications in devices like cores of the
transformers, inductor-based  devices,
microwave devices, radars, antenna rods,
etc., Nanocomposites of polypyrrole (PPY)-
supported steps scheme (S-Scheme)
ZnFe04@WOsx (PZFW15) prepared by
multistep process formed the heterojunction
which promotes and increases the redox
power in the presence of the electric field
[10].

There are numerous methods exist for the
preparation of the zinc and nickel ferrites
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including thermal treatment, ball milling
technique, chemical route, green synthesis,
solvothermal, etc [11-14]. All these
methods of preparation have their effect on
the preparation process which controls the
size of the particles, it may affect the
morphology, change the optical behavior,
and affect the magnetic properties. A study
reported on the preparation of zinc ferrite by
the co-precipitation method possessed very
low coercivity and the particle size was
about 45 nm to 15 nm [15-17].
Hydrothermally synthesized B-
rGO/ZnFe>O4 photocatalyst served as a
worthy photocatalytic system for water
splitting by the band mechanism of BrGO
nanosheets and ZnF nanoparticles upturned
the V-shaped Mott-Schottky plots with
100% best activity and hydrogen
production [18]. An effective and
economically feasible magnetic-based
semiconductor PANI-sensitized g-
C3N4/ZnFe;O4 photocatalyst showed a
good result in the removal of toxic
compounds like Cr (VI) and phenol from
the  wastewater for  environmental
remediation was reported [19].

Ferrites are found to have very high
resistivity and thus help in the prevention of
the production of eddy currents in the
applied alternating magnetic field and
because of this property ferrites are found to
have a few applications in high-frequency
devices. One of the recent studies reported
on the green synthesis of zinc ferrite by
using the seed extract of Piper nigrum
which had a particle size in the range of 60
nm to 80 nm [20-21]. Several reports have
established the photocatalytic activity of the
zinc ferrites, among other ferrites, it found
to have better photocatalytic activity in the
degradation of selected dyes. For instance,
a recent study on the preparation of zinc
ferrite by ball milling ZnO and a-Fe>O3 in
the 1:1 molar ratio posed high
photocatalytic activity on methylene blue
[3, 21]. Nowadays alloys and permalloys
were found to be the better replacement for
corrosive iron and steel materials. A
combination of nickel and zinc doped

ferrites was behaving as alloys in designing
hard components of many industrial pieces
of machinery. For instance, a study reported
on the preparation of Ni/Zn-ferrite
permalloy by the electro-infiltration process
was investigated and found to have strong
bonding of metal ions of Ni and Zn [22, 23].
Ferrites can be used to produce micro
compounds with a property of single
negative (SNG) metamaterial, A recent
study on the synthesis of Mg-doped zinc
ferrite base flexible material by the sol-gel
method was reported [24, 25]. Zinc ferrites
were found to have good application in the
field of medicine. A recent study on the zinc
ferrite prepared by the co-precipitation
method was analyzed for its antimicrobial,
wound healing promoting activity, and for
the dermatological applications was tested,
its cyto compatibility and hemo
compatibility were tested and found that
zinc ferrite can be used as a drug curing the
wounds and other related disorders [26,60].

In this investigation, we account for the
single-step chemical route production of
zinc ferrite by using zinc nitrate
hexahydrate and iron oxide without using
any reducing or capping agents. The single-
step chemical route has some advantages
which involve a rapid reaction mechanism,
no need to use any precipitating agents, and
reducing agents, precursors, and dopant
itself act as donors and acceptors in the
formation of nanoparticles [27, 28]. It also
prevents the production of too many
impurities during the process of synthesis.
Here in this study, the synthesized zinc
ferrite sample was characterized for its
structural, optical, morphological, and
dielectric properties.

2. EXPERIMENTAL SECTION
2.1. Materials and Method

In this study, the precursor material is zinc
nitrate hexahydrate, and Fe-O is dissolved
in sulfuric acid as the dopant material. All
the chemicals were of pure AR grade and
utilized in this experimental study with no
further purification. The method adopted in
this study is a direct one-step chemical
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[9,12,62] route method in which the
precursor material solution was prepared,
and iron oxide was mixed in 1mole ratio to
initiate the reaction mechanism

2.2. Synthesis of ZnFe204 Nanoparticles
Zinc ferrite NPs by direct one-step
chemical route method by dissolving
18.936 g/mol of [Zn(NO3)2.6H>O]in water
and 15.969 g/mol of Fe-O in sulphuric acid
and stirred well in the magnetic stirrer for 6
h in the laboratory at room temperature with
pH level 10 as per the reported literature.
After vigorous stirring of the solution, a
dark brown color precipitate was obtained
[13, 14]. The solution mixture was
centrifuged at 10000 rpm and the sediment
was dried at 180 °C for 4 h in a hot air oven
to remove residual impurities. The dried
powder was calcined in the furnace for 4 h
at 800 °C to remove the nitrites and the final
product obtained was kept airtight in a
container for further investigation.

3. RESULTS AND DISCUSSION
3.1. Powder X-ray Diffraction

In this investigation, the prepared zinc
ferrite  NPs were analyzed for their
structural information by the Perkin Elmer
instrument in the 20 range 20° to 70°. The
recorded spectrum was indexed, and the
strong peaks observed in the planes with
(hkl) values (112), (213), (004), (412),
(423), (442), (603), and (543) were
correctly correlated utilizing the available
standard records (JCPDS, card no: 48-
0567) and the crystalline arrangement was
recognized to be a tetragonal phase [15].
The grain dimension of the synthesized
sample was calculated using Debye's
Scherer's formula and the estimated particle
size of 28 nm. The XRD pattern of ZnFe,O4
as shown in Fig. 1.

3.2. FTIR Spectroscopic Analysis

The prepared ZnFe>O4nanoparticles were
examined using FTIR spectroscopy to find
the molecular bonding and the functional
groups present in the sample. The spectra
were recorded with % of transmittance

versus wavenumber (cm™!) between the
range 200 cm™! to 2000 cm’!.
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Figure 1. XRD Pattern of ZnFe:Oqy
nanoparticles

The recorded FTIR spectrum of zinc
ferrite is shown in Fig. 2. The absorption
peaks obtained at specific frequencies in the
fingerprint region 497 cm™ confirm the
formation of bonding between Zn and Fe-O
sites, which is due to the vibrations
produced in the A site of the tetrahedral
band and B sites of the octahedral band of
the ferrite compound [16, 17,63]. Also in
this investigation, the absence of the peaks
in the range of 1000 cm™ - 1300 cm™ and
above 3000 cm™ confirms the absence of C-
O, O-H, and C=H bonds of organic
substances and hence the purity is
maintained in the process [18]. The
calcination temperature played a vital role
in the removal of unwanted ions that may
contaminate the reaction during the
preparation of the zinc ferrite.

3.3. UV-Visible Spectroscopic Studies
UV-visible spectral graph and Tauc plot
of the prepared zinc ferrite nanoparticles by
chemical route method are given in Fig. 3(a-
b). The spectrum was analyzed within the
optical window region from 200 nm to 700
nm. The term ‘energy gap’ is mentioned as
the difference of energy between the
valence band (VB) to the conduction band
(CB) and electrons are jumped from one
band to another band that is electrons are
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jumped from the outermost band to the
conduction band [18]. The spectrum was
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Figure 2. FTIR spectrum of ZnFe;Oy
nanoparticles

analyzed within the optical window region
from 200 nm to 700 nm. The term ‘energy
gap’ is mentioned as the difference of
energy between the valence band (VB) to
the conduction band (CB) and electrons are
jumped from one band to another band that
is electrons are jumped from the outermost
band to the conduction band [18]. The
highest photocatalytic activity due to
tunable band structure synergetic effect of
broad absorption in the NIR region was
done by ZFCN@20PPY composites [28].
Highly effective Photo-Fenton degradation
of phenol and chromium (Cr-VI) under
sunlight with the modified Al,O3; MCM-41
ZnFe>O4 showed an appreciable band edge
potential of hydroxyl radical generation
[29]. In general, the deviation in the particle
size results in the blue shift of the bandgap
and it can be due to the quantum size effect
and due to the creation of defect centres
produced by the doping materials in the
local lattice. Here a strong absorption peak
at 242 nm was found and by using the cut-
off wavelength 201.64 nm the energy gap
E; of the zinc ferrite nanoparticles was
plotted and found as 5.37 eV [19, 20] by
using the general formula:

Eg = he/A (1)

3.4. Morphological Analysis

The morphological nature of the
synthesized NPs was analyzed with SEM
instrumentation and the typical recorded

SEM image of the synthesized ZnFe;O4
nanoparticles as shown in Fig. 4(a-d). It
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Figure 3. (a) UV-visible spectrum and
(b)Tauc plot of ZnFe>Oy

depicts that the sample contains a micron-
scale aggregation of small uniformly
distributed spherical particles [21, 22]. The
existence of highly dense agglomeration
and the homogeneous shape of particles
indicates the pore-free crystalline surface
nature of the synthesized specimen. It
showed a closely packed spheroid of more
or less uniform-sized structures with an
average size of 20 nm to 60 nm and agrees
with the recorded XRD structure [63].

Figure 4(a-d). SEM Images of ZnFe>Oy
nanoparticles.

3.5. Electrical Performance of ZnFe204
3.5.1. Complex Impedance Analysis

The ZnFe>O4 NPs were pressed into pellets
and were studied at various temperature
ranges from 50 °C to 250 °C and the
variation of impedance with frequency was
plotted. From the result, for the real part of
the impedance, it was observed the
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impedance was found to be value maximum
for the applied alternating current in the
low-frequency band and started in the low
region and started decreasing exponentially
while increasing the frequency and it
remains constant at high temperature [23,
29]. A similar trend is followed for the case
imaginary part also. Fig. 5(a-b) illustrates
the frequency and temperature reliance of
the impedance. At the same time, the
complex impedance graph called as Nyquist
plot was plotted as shown in Fig. 6. It was
noted that an overlapping semicircle is
obtained in the low-frequency region at
high temperatures, whereas a smaller
diameter curve was obtained for the
medium temperature level (150 °C and 200
°C) which depicts the electrode - dielectric
material interface contribution due to grain
boundary and high conductivity [25, 30,
31].

10u0° - - - T e

] -+ 5
At =+=100C
=~ 15C
-
50

80d0*

mpedance

aoutet 600’

impedance

4o’ 400"

Real part of
Imaginary part of ir

200! 200°

LogF LogF

Figure 5(a-b). The real part of the
impedance and imaginary part of the
impedance of ZnFe>O4nanoparticles.

3.5.2. Permittivity

Permittivity is  described as a
thermodynamic function that relies upon
the frequency of the applied electric field.
The real component and the imaginary
component of the permittivity of the
ZnFe;O4 sample were examined with
different temperature ranges as shown in
Fig. 7(a-b). From the result, it was observed
that the permittivity was maximum at low
frequency for all the temperature ranges
(150 °C, 200 °C & 250 °C) and started
decreasing in the mid-frequency level and
attained a constant value which is

independent of frequency and temperature
was observed in the case of the real and
imaginary part [26]. This may be due to
charge migration and electric dipole
reorientation, the distribution varies with
temperature [27, 28]. At low frequencies it
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Figure 6. Nyquist plot of ZnFe>0Oy

i1s due to ionic relaxation, at the medium
frequency it is due to dipolar relaxation, and
at high frequencies, it is due to atomic and
electronic resonances which are produced
from the vibrations, rotations of ions, or
electrons. Some of the ions of zinc may get
evaporated at very high temperatures and
create a small distortion in the lattice plane
of the crystal and it accelerates the hopping
mechanism between the Fe ions in the +2
oxidation states and hence increases the
polarization effect inducing the charge
carriers to accumulate in the grain
boundaries of the sites [29].

Figure 7(a-b). The real and imaginary part
of permittivity of ZnFe>O4 nanoparticles.

3.5.3. Conductivity  and
Measurement of the Sample
The conductivity of the sample was
measured at various temperatures ranging
from 50 °C to 250 °C with the applied
frequency shown in  Fig. 8(a-b).
Conductivity in the material takes place

Resistivity
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because of the migration of the ions when it
is encountered by the externally applied
field which activates the carriers. Several
studies reported on the performance of
nickel-doped cadmium and other ferrite
materials based on the effect produced by
the ferrous ions in the exchanging
mechanism of interactions [30-33]. From
the result, it was noted that the sample
possesses high conductivity at high
temperatures in the entire frequency range.
The sample's conductivity is minimum at
the lower frequency domain and started
increasing gradually with the high-
frequency domain implying the frequency
dependence of the grain boundaries. The
changes observed in the AC conductivity
concerning frequency are attributed to the
reason of the electrical energy of the a.c
electric field and thus the release of the
trapped charges generates the relocation of
ions connecting the limited states. The
resistivity of the sample was studied in the
temperature range of 50 °C to 250 °C with
frequency. Results showed that the
Resistivity decreased drastically with
increasing temperature and approached
very low values at (250 °C) in the entire
frequency range. For medium temperatures
(200 °C and 150 °C) it was quite high in the
low frequency and gradually decreased
while increasing the frequency and almost
becoming frequency independent. At low
temperatures (50 °C and 100 °C) the
samples possess high resistivity and
approached a low value with rising
frequency, and this is due to the immobility
of the charge carriers [34].

3.5.4. Dielectric Constant and Dielectric
Loss

The plot of frequency dependence of the
dielectric constant with various temperature
ranges is given in Fig. 9(a-b). The dielectric
constant value is maximum in the low-
frequency region for the samples at high
temperatures (150 °C, 200 °C, and 250 °C)
and then decreases with increasing
frequencies. At low frequencies, it is due to

the contribution of multicomponent
polarization [35]. At high frequencies, it
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Figure 8(a-b). Variation of conductivity
and resistivity with frequency of ZnFe;O
nanoparticles.

approaches constant values with increasing
frequencies attributed to only the interfacial
polarization [36]. This change in dielectric
constant is due to the space charge
polarization created by the higher
conductivity phases in the boundaries of the
dielectric material [37-39]. When the
frequency is increased, the dipoles may not
tag on the speedy deviation of the functional
a.c field and thus there is a decrease in the
polarization that distorts electrons of the
ferrite material [40- 46]. It can be attributed
to the dipoles attaining rotational freedom
and affecting molecular interaction energy
which becomes weaker. A similar trend is
followed in both the case of a dielectric loss
with frequency [47-50].

Figure 9(a-b). Dielectric constant and
dielectric loss of ZnFe>O4nanoparticles.

3.6. VSM Studies of ZnFe204

The magnetic property of the synthesized
ZnFe>04 nanoparticles were studied VSM
analytical instrument at room temperature
as shown in Fig. 10. From the result of the
M-H hysteresis curve, it was observed that
the width or the area of the curve is almost
negligible, and it appeared as S-shaped [50-
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54]. According to many reports the zinc
ferrites have a superparamagnetic property
with very low coercivity values [55-59]. It
is observed that zinc ferrite exhibits a
hysteresis curve with nearly negligible
remanence and coercivity which depicts the
unique property of superparamagnetic,
saturation  magnetization (M), and
coercivity (H¢) of the samples were
calculated as 1.72 emu/g and 0.0004 emu/g,
which is almost negligible and similar
behavior were reported in literature for the
soft ferrite materials and it is attributed to
the reason that the degree of inversion is
greater for the smaller sizes particles [60-
63].

4. CONCLUSION

In conclusion, we report that ZnFe>O4
nanoparticles were successfully synthesized
by the chemical route method. The
structural arrangement of the synthesized
sample was identified as a tetragonal phase
using the XRD studies. The bonding
arrangement of the Zn and Fe-O has been
established from the observed peaks 497
cm’! using FTIR spectroscopy. The
uniform spherical distribution of the
nanomaterial surface morphology was
analyzed using SEM and the average size
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