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Indium hydroxide nanostructures were synthesised by sol-gel and hydrothermal
processes from indium acetate and sodium hydroxide as precursors and polyvinyl
alcohol, polyvinyl pyrrolidone or polydimethylsiloxane as stabilisers. Calcination
of the In(OH)3 nanostructures at 500�C in air yielded In2O3 nanoparticles.
The morphology, crystallinity and thermal behaviour of the obtained products of
each method were investigated by X-ray diffraction, scanning electron micros-
copy and thermal gravimetry analysis and differential thermal analysis.
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1. Introduction

Semiconductor nanostructures have been attracting increasing attention because of their
exceptional properties, which differ from those of their bulk counterparts, and their
potential applications in optoelectronic devices [1]. In2O3 is an important functional
material. It has been widely used in photoelectronic thin films [2–4], gas sensors [5,6] and
so on. Indium oxide is an important transparent conducting oxide (TCO) material that has
applications in optoelectronics [7–9] and flat panel displays due to its high electrical
conductivity and high optical transparency [10]. Since the first report of nanobelt
structures of In2O3 in 2001 [11], there are some reports related to nanostructures of In2O3

[12–15]. Different methods have been used to produce different In2O3 nanostructures.
Hydrothermal synthesis, as an important method of wet chemistry, has attracted lots of
attention from materials scientists and chemists [16].

In this article, we present a facile method for preparation of In2O3 nanoparticles via a
hydrothermal synthesis route and also a sol-gel technique. The products obtained under
different conditions were characterised by X-ray powder diffraction (XRD), scanning
electron microscopy (SEM) and thermal gravimetry analysis and differential thermal
analysis (TG/DTA) methods and the results were compared with each other, and the effect
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of different factors on size, morphology and crystallinity of the nanoparticles were
investigated.

2. Experimental

In the sol-gel method, 0.58 g (2mmol) indium acetate and 6mmol NaOH or NH3 were
dissolved in 30mL EtOH or H2O as solvents. Then, 1 g PVA, PVP or PDMS were added
to the solution. The solution was stirred and heated to become homogenous (sol) and then
was converted to a viscose gel. The obtained gel was calcinated in a furnace by heating at
500�C and In2O3 nanoparticles resulted.

In the solvothermal procedure, 0.58 g (2mmol) indium acetate and 6mmol (0.24 g)
sodium hydroxide were dissolved in 15 mL EtOH, H2O or a mixture of H2O and EtOH.
The solution was charged into a Teflon-lined stainless steel autoclave and heated at 150�C
for 48 h or 24 h.

After the autoclave was cooled to room temperature, the product was filtered and
dried and characterised as In(OH)3. In(OH)3 nanopowders were calcinated to 500�C to
recrystallise to In2O3.

Table 1 shows the conditions of all reactions in detail. The products were analysed by
XRD performed using a Philips diffractometer of X’pert company with monochromatised
Cuk� radiation. The crystallite sizes of selected samples were estimated using the Scherrer
method. TGA and DTA curves were recorded using a PL-STA 1500 device manufactured
by Thermal Sciences. The samples were analysed with a SEM (LEO 1455 VP) with gold
coating.

3. Results and discussion

In the hydrothermal process, In(OH)3 nanopowders are prepared by the hydrolysis
reaction of In3þ at 150�C, as described in reaction 1. The reaction mixture is heated above
the boiling point of solvent in an autoclave and the sample is exposed to steam at high
pressure. This procedure yields particles with nanometer scales. As-synthesied powders,
depending on the synthesis technique used, they require subsequent heat treatment for
dehydration, removal of organics and controlled crystallisation to form oxides with
desirable structure and crystallite size. After calcination at 500�C nanoparticles of In2O3

are obtained by the reaction 2.

(1) In3þ þ 3H2O! InðOHÞ3 # þ3H
þ:

(2) 2InðOHÞ3
calcination! In2O3 þ 3H2O: In the sol-gel process, hydrolysis and con-

densation of metal alkoxides occur. Metal alkoxides have the general formula
M(OR)x and an alkoxide ion is the conjugate base of an alcohol. The general
synthesis of metal alkoxides involves the reaction of metal species with an alcohol.
Metal alkoxides are good precursors because they readily undergo hydrolysis.
The hydrolysis step replaces an alkoxide with a hydroxide group. In(OH)3 is
polymerised and formes In2O(OH)4 gelation, as described in reaction 3 and after
calcination, surfactant decomposition and loss of solvent, nanoparticles of In2O3

are obtained (reaction 4).
(3) 2InðOHÞ3! In2OðOHÞ4 þH2O:
(4) In2OðOHÞ4

calcination!In2O3þ 2H20:
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The XRD patterns of nanoparticles are shown in Figure 1. Figure 1(a) shows the XRD
pattern of In(OH)3 synthesised by solvothermal method, reaction no. 4 (Table 1). These
nanoparticles have shown good crystallinity because of the existence of sharp peaks in the
XRD pattern. The phase purity of the as-prepared In(OH)3 nanoparticles is completely
obvious and all diffraction peaks are perfectly indexed to cubic structure with lattice
parameters of a¼ 7.958 Å and Z¼ 8 and space group¼Pn3m which are in JCPDS card
file no. 16-0161. No characteristic peaks of impurities are detected in the XRD pattern.
The XRD patterns of all other products are the same as these patterns. The broadening of
the peaks indicated that the particles were of nanometer scale. In a diffraction pattern,
peak broadening is due to four factors: microstrains (deformations of the lattice), faulting
(extended effects), crystalline domain size and domain size distribution. If we assume that
analysed samples are free of strains and faulting, peak broadening is only due to crystalline
domain size, D. D can then be calculated by the Scherrer formula [17], so it is always
observed that the average size obtained by this formula is less than the one which is
obtained from SEM and TEM images. Estimated from the Scherrer formula, D¼ 0.891
�/�cos�, where D is the average grain size, � is the X-ray wavelength (0.15405 nm), � and
� are the diffraction angle and full-width at half maximum of an observed peak,
respectively [1]; the average size of the particles of this sample was 58 nm, which is to some

Figure 1. X-ray powder diffraction pattern of (a) In(OH)3 and (b) In2O3.
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Figure 2. SEM images of (a) In(OH)3 (sample no. 4), (b) In2O3 (sample no. 4), (c) In(OH)3 (sample
no. 2), (d) In2O3 (sample no. 2), (e) In2O3 (sample no. 7), (f) In2O3 (sample no. 8) and (g) In2O3

(sample no. 10).
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extent in agreement with that observed from SEM images. Figure 1(b) shows the XRD

pattern of In2O3 nanoparticles prepared by calcination of the In(OH)3 nanoparticles of

reaction no. 4 (Table 1) and also In2O3 nanoparticles prepared via sol-gel route, reaction

no. 10 (Table 1). All the peaks are corresponding to cubic structure with lattice constants

a¼ 10.118 Å, Z¼ 16 and space group¼ 1213 (JCPDS card file no. 44-1087). The average

size of the nanoparticles of this sample, which is calculated from the Scherrer formula is

29.4 nm.
The SEM micrographs of the as-prepared In(OH)3 and In2O3 nanostructures are

shown in Figure 2. Figure 2(a) shows the SEM image of In(OH)3 nanoparticles prepared

by a solvothermal method using EtOH as solvent, and Figure 2(b) shows the In2O3

nanoparticles obtained by calcinating In(OH)3. Figure 2(c) and (d) show the SEM images

of In(OH)3 and In2O3 nanoparticles prepared by a hydrothermal route. Figure 2(e), (f) and

(g) show the SEM images of In2O3 nanoparticles prepared via sol-gel route by using PVA,

PVP and PDMS as stabilisers, respectively. As it can be seen, there is no considerable

difference in the morphology of the nanostructures obtained in different conditions.

The In2O3 nanoparticles of sample no. 2 prepared by the hydrothermal process with the

Figure 3. DTA and TGA diagrams of (a) In(OH)3 and (b) In2O3 nanoparticles.
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details explained in Table 1, have smaller size than the other samples. The role of different
polymers is not clear, but probably the best distribution of the particles is observed in
sample no. 10, which is prepared by using PDMS. The average size of nanoparticles is
about 50 nm.

Figure 3(a) shows the DTA and TGA curves of In(OH)3 recorded in static air
atmosphere from ambient temperature to 700�C. A broad and strong endothermic peak
was noticed at 240�C in the DTA curve, which can be assigned to decomposing of In(OH)3
and In2O3 crystallisation. In the TGA curve, a weight loss of 18% between 230 and 250�C
which is assigned to decomposing of In(OH)3 to In2O3, was noticed. Figure 3(b) shows the
DTA and TGA curves of In2O3 nanoparticles obtained by calcinations. As it can be seen,
there is not any noticeable loss of weight.

In recent years, many methods such as co-precipitation method and thermal
evaporation method [12], non-aqueous sol-gel method [13], CVD route [14], glass
crystallisation [15] and microemulsion-mediated hydrothermal synthesis [1] have been used
for preparing different shapes of In2O3 nanostructures. The methods reported in this
article are very simple and rapid and yield uniform nanoparticles of In2O3 and In(OH)3
with good size distribution.

4. Conclusion

In summary, a simple solvothermal and sol-gel route by modifying the different
parameters have been used to successfully synthesise the nanoparticles of In2O3 and
In(OH)3. These methods have been used to synthesise other oxide nanoparticles so far [18–
20]. All the results obtained by SEM images and XRD, TG/DTA analyses confirm the
production of uniform, sphere-like nanostructures of these compounds. To our knowl-
edge, these methods with the present conditions have not been used for preparing these
nanostructures so far. The investigated factors did not have special effects on morphology,
size and crystallinity of the nanostructures.
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