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Production of indium oxide (In2O3) whiskers at a very low temperature of 650 ◦C was reported. The synthetic
route was comprised of a thermal heating process of a mixture of In and Mg powders. We have investigated
the structural properties of the as-synthesized nanowires by using X-ray diffraction and scanning electron
microscopy. The product consisted of one-dimensional nanowires, with a crystalline cubic structure of In2O3.
The photoluminescence measurement with the Gaussian fitting exhibited visible light emission bands centered at
2.1 eV and 2.8 eV. The peaks of the Raman spectrum were indexed to the modes being associated with cubic In2O3.

PACS: 81.07.−b, 78.55.−m

1. Introduction

One-dimensional (1D) nano-scale or sub-micron scale
materials are currently being exploited as active com-
ponents in a wide range of technological applications.
Since indium oxide (In2O3) is an n-type semiconductor
with a wide band gap, it has been extensively studied for
many applications, such as photovoltaic devices, electro-
-optical devices, and sensors for oxidizing gases. In the
present paper, we have reported the successful fabrication
of In2O3 nanowires by the simple heating of a mixture
of In and Mg powders at 650 ◦C. The successful synthe-
sis of nanowires at a low temperature will pave the way
for an efficient integration of future nanodevices with Si
integrated circuit technology.

2. Experimental

The source material was a mixture of Mg and In pow-
ders. We employed standard polished p-type (100) Si
substrates, with a predeposited 3 nm thick Au catalytic
layer. In growth experiments, the quartz tube in the fur-
nace was maintained at a temperature of 650 ◦C for 1 h
with the ambient gas (Ar+O2) being at a constant total
pressure of 2 Torr.

The as-prepared products were characterized by X-ray
diffraction (XRD) and scanning electron microscopy
(SEM). The optical properties of the product were inves-
tigated with a SPEC-1403 photoluminescence (PL) spec-
trometer by using a He–Cd laser line (325 nm, 55 mW)
as the excitation source at room temperature. Micro-
-Raman spectra were obtained using a Renishaw Raman
spectromicroscope scanning from 100 cm−1 to 400 cm−1
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at room temperature in open air. An He–Ne laser beam
with a wavelength of 633 nm was used for the Raman
excitation.

3. Results and discussion

Figure 1a shows the XRD pattern of the product. All
intense peaks in the spectrum can be well indexed to
cubic In2O3 (JCPDS Card No. 06-0416, space group
Ia3(206), a = 10.118 Å), except for small diffraction
peaks, corresponding to cubic Au (JCPDS Card No.
04-0784). Apart from the Au, which originated from
substrate, no impurities, such as unreacted In or other
indium oxides, were detected. Since the angle of the inci-
dent beam to the substrate surface was about 0.5◦ in the
present XRD measurements, we surmise that the peaks
are mainly from the product.

Figure 1b shows a top-view SEM image of the prod-
uct on the substrate surface, exhibiting the random
growth directions of the nanowires. The nanowires
have a straight-line and continuous morphology along
the length direction. Statistical analysis of SEM image
shows that the nanowires have diameters ranging from
40 to 160 nm. Although it is not shown in this pa-
per, close examination reveals that the nanowires have
nanoparticles at their tips. Since the nanoparticles were
mainly composed of Au elements based on energy dis-
persive X-ray spectroscopy analysis, the growth mecha-
nism of the nanowires can be understood on the basis of
a vapor-liquid-solid (VLS) growth process, in which the
Au nanoparticles (originating from the substrate) played
a catalytic role. In the present case, In powders will evap-
orate to form In vapors. At this moment, it is not clear
what is the role of Mg. However, by conducting the same
experiments without using the Mg powders, we could not
get any thin nanowire. We surmise that Mg lowers the
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melting point of the In–Mg alloy. Accordingly, the source
materials are more likely to exist as a liquid, which is fa-
vorable for the VLS process.

Fig. 1. (a) XRD pattern and (b) SEM image of the
product synthesized at 650 ◦C.

Figure 2 shows the PL spectrum measured at room
temperature. By means of carrying out a multi-peak
Gaussian fitting to two major peaks of the PL spectrum,
we found that the Gaussian curves fit the original curves
almost perfectly. Accordingly, the PL spectrum is com-
prised of two bands, peaking at approximately 2.8 eV in
blue region and 2.1 eV in yellow-orange region, respec-
tively.

Fig. 2. Room-temperature PL spectrum of In2O3

nanowires.

Similar blue emission has been observed from In2O3

nanowires [1] and nanobelts [2], which is attributed to ra-
diative recombination between an electron on VX

O and a
hole on (VIn, VO)X in the In2O3 nanostructures [1]. Also,
the yellow-orange emission (about 2.1 eV) was previously
observed from In2O3 nanotowers [3]. Jean and Her re-
vealed that the PL emission from In2O3 nanostructures
can be attributed from the recombination of electrons on
singly ionized oxygen vacancies and holes on the valence
band or double ionized oxygen vacancies [3]. In particu-
lar, the In2O3 nanostructures with high aspect ratio will
favor the generation and existence of large quantities of
oxygen vacancies [2].

Figure 3 shows the Raman spectrum of the In2O3

nanowires, measured at room temperature. Since cubic
In2O3 structure belongs to the I3

a , T 1
h space group, it is

known to have vibrations with symmetry Ag, Eg, and Tg

(Raman active) and Tu vibrations (IR active) [4]. The
Raman shift peaks at 231 and 304 cm−1 can be ascribed
to the typical Eg mode of cubic In2O3 [5]. Two very
low frequency Raman lines at 109 cm−1 and 133 cm−1

belong to the vibrational modes of cubic In2O3, which
agrees well with the reported values in the literature [6].

Fig. 3. Room-temperature Raman spectrum of In2O3

nanowires.

In conclusion, we have synthesized the In2O3

nanowires via heating a mixture of In and Mg powders at
650 ◦C. SEM images indicate that the In2O3 nanowires
have diameters in the range of 40–160 nm. XRD spec-
trum reveals that the In2O3 nanowires have a crystalline
cubic structure. A growth mechanism based on the VLS
process is proposed for the formation of In2O3 nanowires.
The PL spectrum shows a prominent visible emission
bands peaked at 2.8 eV in the blue region and 2.1 eV
in the yellow-orange region, presumably being related to
the oxygen vacancies in the nanowires. The Raman peaks
at 231 and 304 cm−1 are attributed to the Eg mode,
whereas those at 109 and 133 cm−1 belong to the vibra-
tional modes.
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