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ABSTRACT

Zinc chromite nano particles (NPs) have been synthesized via Citrate-gel auto combustion method
using citric acid as chelating agent. Structural characterization of the prepared sample was carried
out using X-ray diffraction analysis, FESEM and EDS analysis, dynamic light scattering (DLS)
analysis and FTIR spectroscopic analysis. XRD analysis confirms the formation spinel oxide with a
crystallite size of 36 nm as calculated using Debye-scherrer’s formula. FTIR studies also confirm the
formation of spinel structure. Structural morphology was studied by field emission scanning electron
microscopy that indicates the presence of globule shaped particles. EDS images show the presence
of only Zn, Cr and O without any other impurity elements. This fact confirms the purity of the
prepared nano particles. Average particles size of the prepared sample was 20 nm as measured by
DLS technique.
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1. INTRODUCTION

Mixed spinel oxides are complex metal oxides
and have been an area of extensive study in
recent years due to their significance in magnetic
materials [1], catalysts [2], luminescence
materials [3], sensors [4], lithium batteries [5] etc.
Mixed spinel oxides are represented by the
chemical formula AB,O, where A-denotes
divalent cations occupying tetrahedral sites and
B-denotes trivalent cations in octahedral sites [6].
Now a days, spinel oxides with the chemical
formula MCr,0O, (where M stands for metal such
as Zn, Cu, Co, Mg, Ni Fe etc.) has been the
interest of many researchers because of their
extraordinary properties [7]. These materials in
nanoscale are significant due to their small size
and large surface area and exhibit improved
properties than normal materials. ZnCr,O, mixed
spinels are of important functional materials
because of its wide range of applications as
humidity sensor [8], photocatalyst [9], catalytic
material for a variety of reactions such as
oxidation, hydrogenation and steam reforming
[10], and magnetic material [11]. Properties of
the material depend on the method of synthesis
and reaction conditions. Many synthesis methods
were reported earlier for the synthesis of
ZnCr,0, such as solid state reaction method
[12], ball milling [13], micro emulsion method
[14], solution method [15], co-prepcipitation
method [16] etc. Some of these techniques
prepare the product of low quality with presence
of impurities, some require high temperature,
consume more energy require organic solvents
for the synthesis which make the process costly.
Present paper reports the synthesis of ZnCr,0O,
NPs via citrate-gel auto combustion method
using citric acid as chelating agent. The purpose
of selecting this method is simple, low cost, and
prepares the material of high purity, good
homogeneity at low processing temperature.

2. MATERIALS AND METHODS

Zinc nitrate, chromium nitrate, citric acid,
ammonia solution of analytical grade were used
as starting materials for the synthesis of ZnCr,0O,
NPs via citrate-gel auto combustion method.

2.1 Synthesis of ZnCr,0, NPs Via Citrate-
gel Auto Combustion Method

Aqueous solutions of metal nitrates were
prepared and mixed. To this solution citric acid

solution was added and resulting mixture is kept
on magnetic stirrer. The solution was thoroughly
stirred on the stirrer to get a homogeneous
solution and then ammonia solution was added
to adjust the pH of the solution to 7 by slightly
increasing the temperature to 100°C. Slowly the
water evaporates and the temperature is further
increased. On complete evaporation of water
from the mixture, the solution turns into gel. This
on further heating undergoes self ignition and
starts burning in the hottest portion of the beaker
at the bottom and undergoes complete
combustion resulting in the formation of a loose
puffy mass. This was ground in mortar and pestle
to result in a fine powder reported as ZnCr,0,
powder. This was subjected to calcination in
muffle furnace at 500°C for four hours. The
resulting calcinated powder is subjected to
structural  characterization  using  various
techniques.

2.2 Characterization Techniques

The prepared sample was subjected to X-ray
diffraction analysis for the phase confirmation
and particle size determination using X-ray
diffractometer (Bruker AXS D8 Advance with Cu
Ka radiation in the 26 range of 20—80 Degrees).
The surface morphology was studied by field
emission scanning electron microscopy & energy
dispersive spectroscopy (FESEM & EDS)
(XL30). Dynamic light scattering (DLS) (Horiba
SZ100) was performed on samples suspended in
ethanol using a YD-laser (532 nm) and the mean
value of the obtained histogram was considered
the average particle size. Fourier transform
infrared spectroscopy (FTIR) (Magna Nicolet
550) was performed for wavelengths 500-3700
cm™ to confirm the spinel formation.

3. RESULTS AND DISCUSSION

Various people have been previously reported on
the synthesis, characterization and applications
of ZnCr204 spinels [17-19]. In this paper, we
have made an attempt of synthesis and study of
structural characterization of ZnCr204 via citrate-
gel auto combustion method.

3.1 Structural Analysis of ZnCr,0, NPs
X-ray diffraction studies were performed between

26 values 15° and 75° using Cu Ka (A=1.5418A°)
radiation. The XRD pattern of ZnCr,0O, powder
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was shown in Fig. 1. The observed diffraction
patterns were compared with pure ZnCr,O4
spinel (JCPDS card No. 22-1107) [16]. Each
peak having different 26 positions correspond to
different crystalline planes (111), (220), (311),
(222), (400), (422), (511), (440) and (533) as
compared to standard pattern. Some extra peaks
other than standard peaks correspond to small
amount of ZnO. The average crystallite sizes for
the sample was analyzed from the sharpest peak
observed at 26=36° by using Debye Scherrer’s
formula [20].

kA
pcosb

Where k is Debye—Scherer's constant, S is the
full width half maximum (FWHM) of the XRD
corresponding peak, D is crystallite size, A is
wave length of the X-rays used, 6 is Bragg's
angle. The average size was found to be 36 nm.
Hence, XRD study confirms the formation of
cubic phased spinel ZnCr,0O4 NPs.

3.2 Morphology and Particle Size
Analysis
The morphology of the ZnCr,O, NPs was

evaluated by FESEM and particle size by
dynamic light scattering equipment. FESEM
images shown in Fig. 2 indicate appearance of
spongy porous like structure with the presence of

globule like particles in the sample. The globule
shaped particles were confirmed to be ZnCr,0O,
NPs by energy dispersive X-ray spectroscopy
provided along with the FESEM. Only Zn, Cr and
O elements were detected from EDS patterns as
evident from Fig. 3. It is interesting to note that
the dynamic light scattering analysis revealed the
particle size to be in the range of 20nm as
indicated in Fig. 4.

3.3 Fourier Transform Infrared
Spectroscopy (FTIR) Analysis

Formation of spinel structured NPs was also
confirmed by FTIR analysis. Fig. 4 represents the
FTIR spectra of ZnCr,O, NPs measured in the
wavelength range from 500 to 700 cm”. The
broad absorption peaks observed at low
frequency within 500-700 cm” confirms the
vibration of metal-oxygen bonds in spinel
structure. The band observed at around 556 cm™
is the characteristic of vibration of Zn-O bond in
tetrahedral site where as the band observed at
around 6329 cm' is the characteristic of
vibration of Zn-Cr bonding at the octahedral site
in the spinel structure. From the figure it is also
clear that peak that observed at 1035.7 cm™ may
be due to C-O stretching, peak at 1384.3 cm™ is
due to C-C stretching, absorption at 1510.9,
1643.3 cm1 may be due to C=C stretch
stretching. The maximum absorption observed
between 500 to 700 cm™ confirms the formation
of spinel structure of ZnCr,O4 NPs.
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Fig. 1. XRD pattern of ZnCr,0,
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Fig. 2. FESEM Images of ZnCr204 NPs
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Fig. 3. EDS spectrum of ZnCr,0, NPs
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Fig. 4. Particle size distribution of ZnCr,0, NPs
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Fig. 5. FTIR spectra of ZnCr,04NPs
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4. CONCLUSIONS

ZnCr,O, NPs were successfully synthesized
using citrate-gel auto combustion method.
Formation of cubic spinel structure of prepared
ZnCr,0, NPs was confirmed by X-ray diffraction
analysis and FTIR spectroscopic analysis. In the
prepared sample, the particle size measured
from FWHM of XRD was observed as 36nm
where as the dynamic light scattering analysis
revealed the particle size to be in the range of 20
nm. FESEM studies indicated the presence
porous network with globule shaped NPs. EDS
analysis revealed the purity of prepared
sample with the presence of only Zn, Cr and O
elements. Average particles size of the prepared
sample was 20 nm as measured by DLS
technique.
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