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ABSTRACT: Spinel Zinc Ferrite (ZnFe,O4) nanoparticles are synthesized by wet chemical precipitation method
followed by thermal decomposition. Zinc nitrate and ferric nitrate are used as precursors. It is the simple chemical route
for the formation of zinc ferrite nanoparticles. Structural, elemental and morphological studies of the synthesized zinc
ferrite nanoparticles are done by X Ray Diffraction (XRD), Energy Dispersive X Ray Spectroscopy (EDAX) and
Scanning Electron Microsccopy (SEM). The particle size of the synthesized zinc ferrite nanoparticles is found to be of
the order of 20 nm by Debye Scherrer equation and Scanning electron micrograph. The magnetic behavior of the
synthesized nanoparticles is done using Squid Magnetometer. The synthesized nanoparticles have saturation
magnetization of 28.33 emu/gm.
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I.INTRODUCTION

Nanotechnology is Interdisciplinary science of understanding and control of matter at dimensions of roughly 1-100 nm.
At this scale unique phenomena enable novel applications. The physical and chemical properties of the nanomaterials
depend on particle size and shape or morphology. So nowadays the focus is on synthesizing nanoparticles by
controlling their size and morphology for specific applications. Magnetic nanoparticles are found to have novel
applications. Quantum size effects and large surface area of magnetic nanoparticles dramatically change some of the
magnetic properties. Magnetic nanoparticles of spinel ferrites are of great interest especially because of the
fundamental relationships between magnetic properties and their crystal chemistry and structure. The rich crystal
chemistry in spinel ferrite systems offers excellent opportunities for understanding and fine-tuning the
superparamagnetic properties of nanoparticles by chemical manipulations [Mathew et al,2007].

Spinel ferrites have the structure AB,O,.In this structure A and B display tetrahedral and octahedral cation sites,
respectively, and O indicates the oxygen anion site. Metal spinel ferrite nanoparticles have the general molecular
formula MFe,O, (e.g., M = Zn, Ni, Co, Mn, or Mg), and they have a face-centered cubic (fcc) close packing structure.
Among the spinel ferrites, Zinc ferrite ZnFe,O4 has been studied extensively. It has applications as soft magnets and
low- loss material at high frequency because of its low coercivity and moderate saturation magnetization. It also has
high magnetic performance and excellent chemical stability [Nasseri et al., 2011a].

Zinc ferrite is very important material and is used extensively in electronics industry [Yang et al 2008], magnetic
resonance imaging [Liub et al 2008], catalysis [Velinov et al, 2012], biomedical fields [Gupta et al, 2005], photo
catalytic applications [Lakshmi et al, online] etc. Zinc ferrites nanoparticles are being studied extensively because of its
applications. Zinc Ferrite nanoparticles are synthesized using different processes such as wet chemical [Ladole 2012],
thermal treatment method [Naseri et al 2011b], sol gel [Gong et al 2005], aerogel [Hamdeh et al 1997], hydrolysis
[Ammar et al 2012], combustion method [swamy et al 2006] etc. In this paper zinc ferrite nanoparticles are synthesized
using double co-precipitation method followed by thermal decomposition at high temperature.

The bulk ZnFe,O, is a normal spinel with Zn*" ions only on the tetrahedral (A) sites and Fe** ions only on the
octahedral (B) sites. It shows antiferromagnetic properties below the Neel temperature of about 10 K and behaves
paramagnetic at room temperature [Chinnasami et al 2000]. Further research on nano-crystalline ZnFe,O, have
suggested that the cation distribution in this material is partly inverted and exhibits anomaly in its magnetization. Neel
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suggested that small antiferromagnetic particles can exhibit super-paramagnetism and weak ferromagnetism due to
uncompensated spins in the two sublattices [Deraz et al 2012].
In this paper the zinc ferrite nanoparticles exhibit superparamagnetic behavior.

Il. EXPERIMENTAL

Zinc nitrate and ferric nitrate salts were used as precursors. Starch was used as stabilizing agent to control the
agglomeration of particles. All the chemicals were purchased from Merck with greater than 97% purity. 0.1 gm starch
and 14.7 gm of zinc nitrate were dissolved in 100ml distilled water. This solution was heated using magnetic stirrer
with continuous stirring till it attained 60°C. Once the desired temperature was reached, 1 M sodium hydroxide solution
was added to above solution drop by drop.

Another solution of 0.1 gm starch and 4.040 gm of ferric nitrate in 100 ml of distilled water was prepared. This solution
was added to above solution. The temperature of the solution decreased. The solution was further heated till 60°C. Once
the temperature was reached, 1M sodium hydroxide solution was added drop by drop. Brown colored precipitate was
formed. The precipitate was centrifuged at 10000 RPM and later it was dried at 50°C for 1 hour in oven. The obtained
powder was kept in muffle furnace at 400°C for 4 hours. Zinc ferrite nanoparticles were hence obtained.

I1l. RESULTS AND DISCUSSIONS

A. X Ray Diffraction Spectroscopy
Phase identification was performed by Panalytical X ray diffractometer using Cu Ka radiation (40 KV, 20 mA). Peak
intensities were collected by step scanning over a 26 range from 15° to 75° with a step size of 0.02° remaining for 10s at
each step. The average grain size is calculated by the Scherrer equation and is found to be of the order of 21.03 nm. The
ZnFe,0,4 nanoparticles have a degree of crystallinity. The XRD pattern shows the peaks at (220), (311), (400), (422).
(511), (440), (620), (533) and (622) which confirm the presence of single-phase zinc ferrite with face centered cubic
structure. Except some impure phases of ZnO all the phases correspond to the standard pattern of Zinc ferrite(cubic, a =
0.8441 nm, space group: Fd3m, Z = 8; ICDD PDF: 22-1012)

The lattice parameters were calculated using the formula
1 4{h2+k2+lz}+ 2

d° 3 a’ a’

Using this formula, the value of a is found to be 0.8478 nm which is slightly higher than reported in standard pattern
JCPDS data.
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Fig. 1 XRD graph of Zinc ferrite nanoparticles

The crystallite size of zinc ferrite nanoparticles is based on x ray diffraction line broadening and is calculated by using
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Debye Scherrer formula as

094
pcosl

Where D is the average crystallite size

B is full width half maxima of the peak in XRD pattern
0 is Bragg’s angle.

A is X- ray wavelength.

B. Energy Dispersive Spectroscopy

Elemental composition of the synthesized samples is determined by Energy dispersive xray spectroscopy (EDX). From

the following graph, it is clear that the zinc ferrite nanoparticles are pure and contains no impurities of any other
elements.

Fig 2: Edax spectra of Zinc Ferrite nanoparticles
C. Scanning Electron Microscopy
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Fig 3: Scanning electron microscopic image of zinc ferrite nanoparticles at different magnifications

Above images show the zinc ferrite nanoparticles at different magnification. From the SEM micrograph it is clear that
mostly the particles are mostly spherical in nature. The particle size is nonuniform. Average particle size is of the order
of 20 nm which agrees with the XRD data.

D. Magnetic characterization
Magnetic study is done using Squid magnetometer. A field of 3 KOe is applied and change in moment is noted with
change in temperature at zero field cooling (ZFC) and field cooling FC.
For the zinc ferrite nanoparticles the peak is obtained around 20 K which is characteristic of blocking transition
followed by a gradual decrease in magnetization at low temperature. The blocking temperature is a function of the
experimental time scale, external magnetic field, particle volume, anisotropy constant and interparticle interactions

[Poddar et al 2006]
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Fig 4: ZFC and FC curves of Zinc ferrite nanoparticles at 3000 Oe field
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Fig 5: BH loop of Zinc Ferrite nanoparticles
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The BH curve is used to calculate saturation magnetization (Ms), remanent magnetization (Mr), and the coercivity of
the synthesized samples at room temperature. The Ms and Mr value was found to be 28.33emu/gm and 10.23 emu/gm
respectively for zinc ferrite nanoparticels. The graph shows that the zinc ferrite nanoparticles exhibit good
ferromagnetic behaviour.

IV. CONCLUSION

Zinc ferrite nanoparticles are synthesized having particle size of the order of 20 nm. The synthesized nanoparticles
show good crystalinity, and they are nonuniform in nature. The nanoparticles show deviation in magnetic property from
that of the bulk. The saturation magnetization of the synthesized zinc ferrite nanoparticles is found to be of the order of
28.33 emu/gm. It indicates good saturation magnetization value.

These nanoparticles showing magnetic behavior can be can be used for biomedical applications. This method is cost
effective and can be used for synthesis of other ferrite nanoparticles also.

The further aim of this study is to study antibacterial property of these nanoparticles for Biomedical Applications.
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