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Abstract: ITO (In0.95Sn0.05)2O3 and Ni doped ITO (In0.90Sn0.05Ni0.05)2O3 nanoparticles (NPs) were synthesized by solid state
reaction method and subjected to study their structural, optical and magnetic properties. The NPs had a size distribution in the
range of 40 nm and were identified as the bcc cubic In2O3 by X-ray diffraction (XRD). Optical properties of the samples were
studies using UV-Vis-NIR spectrophotometer. Magnetic measurements were carried out at room temperature and at 100 K using
vibrating sample magnetometer and found that the ITO nanoparticles were ferromagnetic in nature at room temperature. The
strength of the magnetization decreased in ITO nanoparticles when the magnetic measurements carried out at 100 K.
Keywords:ITO, Dilute magnetic semiconductors, Ferromagnetic material.
PACS:73.50.Td, 75.50.Pp, 75.47.Lx, 75.50.Dd

INTRODUCTION

EXPERIMENTAL

In recent years, oxide based diluted magnetic
semiconductors (O-DMSs) have become the
subject of an intensive interest for fundamental
scientific research because of the possibility of
manipulating both charge and spin degree of
freedom in a single semiconductor material. These
O-DMSs materials are the most promising
candidates because of their potential use in future
spintronic devices such as optoelectronics, spin
logic, microwave and non-volatile storage devices
[1,2]. Intensive research work had been carried out
on optical and electrical properties of ITO, but less
work has been reported on magnetic properties of
ITO and doped ITO nanoparticles. Ni doped ITO
thin films were prepared using electron beam
evaporation technique and studied the role of Ni on
magnetic properties of the films [3]. However, the
origin of ferromagnetism in transition metal ions
doped In2O3have still been controversial. Hence an
attempt was made in the present study for the
synthesis and characterization of undoped and Ni
doped ITO nanoparticles using solid state reaction.

The ITO (In0.95Sn0.05)2O3 and Ni doped ITO
(In0.90Sn0.05Ni0.05)2O3 nanoparticleswere synthesized
by standard solid state reaction method. In a typical
synthesis, commercially available In2O3, SnO2 and
NiO (Sigma–Aldrich, 99.999% pure) powders were
mixed in desired ratios using Agate mortar and
pestle and ground thoroughly for 16 hours. The
ground fine stoichiometric fine powder samples
were loaded into a small one end closed quartz tube
of diameter 10 mm and length 10 cm, which was
then enclosed by a bigger quartz tube of diameter
of 2.5 cm and length of 75 cm. The structural,
optical and magnetic properties of the prepared
sampes were studied using XRD, UV-Vis
spectrophotometer,
Vibrating
sample
magnetometer, respectively.

RESULTS AND DISCUSSION
Structural Properties
Fig. 1 shows the X-ray diffraction patterns of
The XRD patterns
(In0.90Sn0.05Ni0.05)2O3.
conformed that the impurity phases were not
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present in (In0.90Sn0.05Ni0.05)2O3 nanoparticles. The
diffraction peaks such as (211), (2 2 2), (4 0 0),
(411), (3 3 2), (4 3 1), (5 2 1), (4 4 0), (4 3 3), (6
11), (5 41), (6 2 2), (6 3 1), (4 4 4), (5 4 3), (6 4 0),
(7 2 1) and (6 4 2) were found
in(In0.90Sn0.05Ni0.05)2O3 nanoparticles among which
(2 2 2) peak was predominant. All the indexed
peaks exactly coincided with the cubic structure of
In2O3 (JCPDS No. #06-0416).The crystallite size
was calculated using Scherer’s relation and found
that it was about 40 nm.

(In0.90Sn0.05Ni0.05)2O3nanoparticles.The optical band
gap was estimated using the Tauc relation [4].An
optical band gap of 3.06 eV was found for the
(In0.95Sn0.05Ni0.05)2O3 nanoparticles as shown in Fig.
3. A decrease in optical band gap was observed by
doping Ni into the ITO host material. The band
gap of 3.14 eV was found for the undoped ITO
(In0.95Sn0.05)2O3 nanoparticles.

Magnetic Properties
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FIGURE 1.X-ray diffraction patterns of
(In0.90Sn0.05Ni0.05)2O3 nanoparticles.
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Fig. 4shows magnetic hysteresis loops (M–H) of
(In0.95Sn0.05)2O3 and Ni doped ITO
(In0.90Sn0.05Ni0.05)2O3
nanoparticles
at
room
temperature. The pure In2O3 and SnO2 exhibited
diamagnetic behaviour whereas the (In0.95Sn0.05)2O3
exhibited ferromagnetism at room temperature and
the strength of magnetization decreased in case of
(In0.90Sn0.05Ni0.05)2O3 nanoparticles.Our earlier
studies confirmed the diamagnetism and room
temperature ferromagnetism undoped and transition
metal doped In2O3, SnO2 in powder form as shown
in top and bottom inset of the Fig. 4. And reported
that
the
observed
room
temperature
ferromagnetism was due to oxygen vacancies [58].The hysteresis loop shows a high coercive field
(Hc) of 683 G. The observed magnetic moment is
almost equal to that of magnetic moment of Ni
doped In2O3 nanoparticles prepared by solid state
ITO

3.5
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FIGURE 5.Magnetic hysteresis loops (M–H) of ITO
nanoparticles at 100 K. Top and bottom inset of the
figure shows the diamagnetic nature of In2O3 and SnO2.
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FIGURE 2.Reflectance spectra of In2O3,
(In0.95Sn0.05)2O3and In0.95Sn0.05Ni0.05)2O3nanoparticles
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FIGURE 4.Magnetic hysteresis loops (M–H) of ITOand
Ni doped ITO nanoparticles at room temperature.
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FIGURE 3.Plot of (αhυ) versus hυ of the
(In0.90Sn0.05Ni0.05)2O3 nanoparticles .

Fig. 2 shows the diffused reflectance spectra of
(In0.95Sn0.05)2O3
the
In2O3,
and(In0.90Sn0.05Ni0.05)2O3nanoparticles recorded in
the wavelength range from 200 nm to 2400 nm. In
addition to reflectance spectra, absorption spectra
was also estimated (not shown here) for calculating
the
optical
band
gap
of
the
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synthesis route method observed by Peleckis et al
[9].
The strength of magnetization decreased
The
for (In0.90Sn0.05Ni0.05)2O3 nanoparticles.
samples exhibited the saturation magnetic moment
of 0.05 emu/g, coevercity of 683G and retentivity
of 0.02 emu/g, respectively.
Fig.5 shows the M-H curve of ITO
nanoparticles at 100 K. From the figure it is clear
that the saturation magnetic moment decreased at
lower
temperature
whichmay
due
to
antiferromagnetic or ferrimagnetism developed at
lower temperatures.
Room temperature
ferromagnetism was also found in nanoparticles of
nonmagnetic oxides such as CeO2, Al2O3,
ZnO,In2O3 and SnO2 [10]; however, the
corresponding bulk samples obtained by sintering
the nanoparticles at high temperatures in air or
oxygen became diamagnetic. The origin of
ferromagnetism in these nanoscale materials is
assumed to be the exchange interactions between
localized electron spin moments resulting from the
oxygen vacancies [11]. Recent calculations also
indicated that surface ferromagnetic states and spin
polarization could produce vacancies on the surface
of In2O3 and ITO [12]. A magnetic moment of
5x10-6 emu, 1x10-8 emu was observed in
polyscrystalline bulk and thin films of ITO [13].
The observed magnetic moment in the present
study is higher than that of magnetic moment
observed in polycrystalline bulk ITO nanoparticle
prepared from solid state synthesis method. The
less magnetic moment in polycrystalline ITO may
be due to sintering of the samples in air at different
higher temperatures. Further it was found that the
bulk ITO samples were paramagnetic at low
temperatures
and
diamagnetic
at
higher
temperature. In the present study the samples were
sintered in vacuum which may produce oxygen
vacancies. Room temperature ferromagnetism was
also observed in Fedoped ITO thin films and
concluded that the observed ferromagnetism is due
to oxygen vacancies [14]. Hence in the present
studies, it is confirmed that the observed
ferromagnetism is intrinsic rather than any
impurities. After doping the ITO with other
transition metal dopants, the strength of
magnetization decreased to a large extent.

CONCLUSION
The ITO (In0.95Sn0.05)2O3 and Ni doped ITO
(In0.90Sn0.05Ni0.05)2O3nanoparticles were prepared
using standard solid state reaction method and
studied the structural, optical properties by XRD,
diffused reflectance spectrometers respectively.
The structural properties confirmed that the
(In0.90Sn0.05Ni0.05)2O3 nanoparticleswere cubic in
structure without any secondary phases. The pure
In2O3, SnO2 exhibited diamagnetic behavior
whereas (In0.95Sn0.05)2O3nanoparticles exhibited

ferromagnetism at room temperature and at 100 K.
A decrease in strength of magnetization was
observed in (In0.90Sn0.05Ni0.05)2O3 nanoparticles.
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