Enhanced structural properties of In2O3 nanoparticles at lower calcination
temperature synthesised by co-precipitation method
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Indium oxide nanoparticles (In2O3 NPs) were formed by calcining the optimised as-prepared indium hydroxide (In(OH)3) NPs. The
as-prepared In(OH)3 NPs were synthesised at optimal pH 10 through co-precipitation method at various calcination temperatures (200,
300, 400, 500, 600°C) for 2 h. Characterisation of the samples was performed by thermogravimetric (TGA and differential thermal, DTA)
analysis, high-resolution transmission electron microscope (HRTEM), X-ray diffractometer (XRD), Fourier transform infrared
spectroscopy, and Raman spectroscopy. The complete conversion to In2O3 NPs was reached at 300°C. Besides, the crystallite size of
In2O3 NPs calculated by William-Hall equation had the same trend with the values obtained from Scherrer equation. The HRTEM images
also showed that the size of In2O3 NPs was within the range of 15–28 nm. Clearly, their work conﬁrmed that the smallest In2O3 NPs
(15 nm) with homogenous particle distribution were formed at a lower calcination temperature of 300°C.

1. Introduction: In recent years, many metal oxide nanostructures
such as tungsten oxide [1], titanium oxide [2, 3], germanium oxide,
[4], indium oxide (In2O3) [5, 6] and copper oxide [7] have been
synthesised and characterised as they are promising candidates for
the applications in optoelectronic and electronic devices.
However, the design and controllable synthesis of metal oxide
nanostructures with a desired structure in terms of size and shape
is still a challenge [6]. Among them, In2O3 is a transparent
conductive semiconductor with a large direct and indirect band
gaps (Eg) of around 3.6 and 2.6 eV, respectively [7–9]. In fact,
In2O3 is an insulator in its stoichiometric state but becomes
highly conductive in non-stoichiometric state [10]. In recent
years, synthesis of the In2O3 and indium tin oxide in its thin ﬁlm
and bulk form has been carried out by many researchers. This is
because they have gained considerable attention as favourable
materials for various applications such as solar cell, gas sensors
and ultraviolet lasers [11]. Besides, In2O3 is highly transparent to
visible light. When In2O3 is exposed to various gases, it can
adjust its electrical conductance [12]. Hence, In2O3 has been
investigated as chemical sensors for detecting H2, CO, CI2 and
NO2 [12]. Jiao et al. [13] showed that In2O3 had low sensitive
against deoxidising gases but high gas sensing response to low
concentration of NO2. Meanwhile, In2O3 ﬁlms used for H2 gas
sensor had good selectivity and sensitivity to CO [14].
It is noticeable that the particles size and morphologically control
of indium-based nanomaterials depend on their synthesis route
and conditions [15]. Over the past decades, In2O3 nanostructures
have been prepared with different morphologies and sizes such as
nanoparticles (NPs), nanowires, nanorods and nanobelts [8, 11].
Among these, In2O3 NPs have good dispersion properties, large
surface area, fast electron transfer ability and exceptional biocompatibility [16]. Besides, numerous synthesis methods have been
carried out for indium oxide nanoparticles (In2O3 NPs) including
physical vapor deposition, sol–gel process, hydrothermal method,
laser ablation in liquid, co-precipitation, mechanochemical
reaction, solvothermal method and reverse microemulsion method
[10, 12, 17, 18]. The extensive literature observation revealed that
co-precipitation method has the most advantages among them
because of its process simplicity [19, 20], low cost [19], lower
synthesis temperature [20] and more homogeneous size of NPs
[21]. During this synthesis process, the nucleation and growth of
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NPs can be adjusted. Thus, the size distribution and crystallite
size of NPs can be controlled to produce more homogeneous
samples [22].
A lot of research works have reported that metal oxide NPs such
as aluminium oxide (Al2O3), chromium oxide (Cr2O3) and zinc
oxide (ZnO) NPs can be obtained by dehydration of the corresponding metal hydroxide in air at high temperature. As to In2O3 NPs, the
dehydration of as-prepared indium hydroxide (In(OH)3) NPs allow
the conversion into In2O3 NPs. In addition, the desired morphologies of In2O3 NPs can be formed by controlling the morphologies
of the as-prepared In(OH)3 NPs [6]. This is because the In2O3
NPs are able to inherit their morphologies during the dehydration
process. Meanwhile, it was indicated in the literature that the
structure properties of the In2O3 NPs are dependent on those of
the as-prepared In(OH)3 NPs [23]. The formation of In2O3 NPs
by dehydration of as-prepared In(OH)3 NPs was selected as a
favourable method due to its advantages. This includes desirable
morphology of as-prepared In(OH)3 NPs which can be easily
obtained through aqueous phase method when the original
morphology of the as-prepared In(OH)3 NPs is kept after
calcination [9, 11].
On top of that, calcination temperature is another factor that will
affect the crystallite size, phase composition, surface morphology
and crystallinity of the In2O3 NPs [24]. Speciﬁcally, removal of
water and hydroxyl (OH) groups of In(OH)3 NPs will lead to
change in structure properties of the In2O3 NPs [23]. Thus, calcination temperature must be controlled since it may cause the In(OH)3
NPs to come in contact with each other and form larger particles
due to the inter-diffusion process during calcination [25]. It is
believed that condensation reactions of as-prepared In(OH)3 NPs
lead to formation of inorganic networks. These inorganic networks
contain stiff and strong metal-oxo-metal (M-O-M) bridges where
the particle size will be increased [25]. Chen et al. [26] showed
that the average particle size of cerium oxide nanocrystals gradually
increased from 12 to 47 nm when the calcination temperature was
increased from 473 to 1273 K (200–1000°C). Recently,
Selvakumar et al. [17] synthesised In2O3 NPs through hydrothermal
method and calcined at 400, 500 and 600°C. It was discovered
that the calcination temperature increase was accompanied by the
increase in crystallite size of In2O3 NPs from 25 to 40 nm.
However, the investigation regarding the effect of different
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calcination temperature on the structural properties of In2O3 NPs is
still not fully exposed.
Furthermore, calcination time is another critical factor which may
also affect the morphology and crystallinity of the NPs [27]. This
can be explained by the crystal growth mechanism of In2O3 NPs
during calcination. In fact, both nucleation and crystal growth
occurred throughout the precipitates rather than the surfaces only
which led to the change in structural properties of the NPs in
terms of its morphology, crystallinity and crystallite size [28].
However, it was noticeable that the optimised In2O3 NPs were
formed with calcination duration about 2 h [29]. Xiao et al. [27]
have studied on the time-dependent calcination of In2O3 NPs.
They showed that the formation of optimised In2O3 NPs with
high crystallinity is reached when the calcination time was 2 h.
A variety of studies on the synthesis of In2O3 NPs was reported
in [3, 4, 30]. There are many research works mainly focusing on the
synthesis and characterisation of In2O3 NPs with both different
types of precursors and/or synthesis methods [10, 31–33]. First
and foremost, Zhang et al. [31] have used low-cost indium nitrate
hydrate (In(NO3)2·4.5H2O) as a precursor to synthesise In2O3
NPs via sol–gel method. One of the fundamental reasons is
because their structures and electrical properties were characterised.
Second, Niederberger et al. [34] have studied on the effects of
solvent and metal oxide precursor on the crystallite size of In2O3
NPs. Third, Souza et al. [33] have synthesised In2O3 NPs using a
non-surfactant room temperature soft chemical method and
studied their thermal, structural, microstructural and optical properties. In addition, Bagheri et al. [10] reported on the preparation
method and structural properties of In2O3 NPs synthesised by
both sol–gel and hydrothermal methods. Apart from these, it is
believed that both pH and calcination temperature will also affect
the structure properties of In2O3 NPs [8, 17]. As a matter of fact,
the stability of the aqueous solution (pH value) is important to
determine the solution reactions and structural transformation in
aqueous phase method [23, 35–37]. In our previous work, the
as-prepared In(OH)3 NPs were synthesised at different pH values
via co-precipitation method and their structure properties were
investigated [38]. It was found that the smallest size of as-prepared
In(OH)3 NPs (∼11 nm) with maximum stability (3.6 mV) were
synthesised at pH 10 through co-precipitation method.
Herein, we reported further work on the transformation of
as-prepared In(OH)3 NPs to In2O3 NPs by calcination process at
different temperature (200, 300, 400, 500 and 600°C). The In
(OH)3 NPs were synthesised via co-precipitation method at
optimum pH = 10 and subsequent calcination process for 2 h. The
surface morphology, particle size and phase transformation of
In2O3 NPs were characterised for different calcination temperatures.
2. Experimental: Indium oxide (In2O3) NPs were prepared by
co-precipitation method. In particular, ammonia hydroxide
(NH4OH), ethanol and indium nitrate hydrate (In(NO3)2·9H2O)
were used as raw materials to obtain the precursor. These
reagents were obtained from Friendemann Schmidt, John Kollin
and Sigma-Aldrich, respectively. Firstly, In(NO3)2·9H2O was
dissolved in 20 ml of distilled water. Next, the solution was
stirred magnetically for 30 min at room temperature.
Subsequently, NH4OH in an aqueous solution was slowly
dropped into the reaction. As a result, the white precipitate was
obtained. Once the pH value of translucent solution reached 10,
the resultant white precipitate was washed by ethanol and dried at
80°C for 24 h. Finally, the as-prepared anhydrous white
precipitates were calcined in a furnace at 200, 300, 400, 500 and
600°C for 2 h to get bright yellow samples.
The thermal decomposition behaviour of as-prepared white precipitates was determined simultaneously by DTA and TGA using a
TGA/SDTA851 Ultramicro Balance (Mettler Toledo) with a
heating rate of 10°C/min from room temperature to 1000°C. The
crystalline composition of the sample was characterised by
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PANalytical Empyrean X-ray diffractometer (XRD) equipped
with Cu Kα radiation (λ = 0.15406 nm) in a scan range of
2θ = 10–90°, with operating current of 30 mA and voltage 40 kV.
Besides, TECNAI G2 F20 HRTEM with operating voltage of
200 kV was used to investigate the surface morphology of the
samples. In this Letter, the Raman spectra of the samples were analysed through Horiba Xplora One Raman spectrometer. In addition,
Perkin Elmer Spectrum 400 FTIR spectrometer was used to
characterise the functional group of the samples in the range of
4000–400 cm−1.
3. Results and discussion
3.1. Thermogravimetric (DTA) analysis: In this Letter, the
as-prepared In(OH)3 NPs are oxidised to In2O3 NPs by
calcination. Before the calcination process was conducted, the
thermal decomposition behaviour of the as-prepared In(OH)3 NPs
were investigated via TGA and DTA in the temperature range
from 25 to 1000°C. Meanwhile, the transition temperature of the
as-prepared In(OH)3 NPs was determined. Fig. 1 shows the
typical DTA and TGA curves of the as-prepared In(OH)3 NPs
synthesised via co-precipitation method. From the TGA curve of
the as-prepared In(OH)3 NPs, it was observed that an initial
weight loss of about 10% took place at ∼200°C. This is due to
the absorbed water molecules desorption from as-prepared In
(OH)3 NPs [3, 17, 29]. Besides, it can be seen that there was a
second weight loss of ∼40% occurred over 200–300°C. The
second weight loss was ascribed to the co-condensation reaction
among the hydroxyl groups during dehydration of the as-prepared
In(OH)3 NPs which led to the In2O3 NPs formation. From here
onwards, it was considered that the In2O3 NPs might start to form
>300°C since most of the weight loss observed was related to the
following reaction [3, 18]:
2In(OH)3  In2 O3 + 3H2 O

(1)

Furthermore, the weight loss occurred between 300 and 600°C
was associated with the trapped surfactant molecules decomposition. In fact, these molecules were discovered to be surrounding
the as-prepared In(OH)3 NPs [17]. However, there was no
obvious weight loss >600°C.
To determine its decomposition steps, the DTA analysis of
as-prepared In(OH)3 NPs was conducted using the similar temperature range of TGA analysis. From the analysis, the DTA curve of
as-prepared In(OH)3 NPs revealed that two broad endothermic
peaks were located at around 180 and 280°C while an exothermic
peak was identiﬁed at 390°C. These broad endothermic peaks
at 180 and 280°C were assigned to the physical evaporation
of water molecules from samples and de-bonding reaction of

Fig. 1 TGA and DTA curves of the as-prepared In(OH)3 NPs synthesised at
pH 10 via co-precipitation method
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the terminal and bridging hydroxyl groups of In(OH)3 NPs, respectively [4]. The exothermic peak at 390°C was found due to the
evaporation of the trapped surfactant molecules which most probably ascribed to the formation of In2O3 NPs [17, 30]. The DTA
results complemented the results reﬂected in the TGA curves.
Thus, it showed that the as-prepared In(OH)3 NPs were decomposed completely to form In2O3 NPs when the temperature
achieved 300°C. This phenomenon is in agreement with the
results reported by Seetha and Tseng [3, 32].
3.2. X-ray diffraction (XRD) analysis: Fig. 2 shows XRD patterns
of both as-prepared In(OH)3 NPs and calcined In2O3 NPs (200,
300, 400, 500 and 600°C). Fig. 2a represents the XRD patterns
of as-prepared In(OH)3 NPs which was well-matched to the
Inorganic Crystal Structure Database (ICSD) with reference code
01-076-1463 as demonstrated in our previous work [35]. In this
Letter, the diffraction peaks reﬂected the formation of body
centred cubic (bcc) phase of In(OH)3 NPs synthesised at pH 10.
As it was observed from Figs. 2b–f, the XRD patterns of calcined
In2O3 NPs were strictly matched to the ICSD with reference code
01-071-2194. The peaks of calcined In2O3 NPs were present at
angles of 2θ = 30.88°, 35.71°, 51.30°, 60.76°, 83.37° and 85.84°
which correspond to the (222), (cao0), (440), (622), (662) and
(048) planes, respectively. All diffraction peaks of calcined In2O3
NPs were ascribed to the cubic structure with lattice constant,
a = 10.1170 Å. Therefore, it was indicated that original
morphology of the In(OH)3 NPs is kept after calcination.
Moreover, the peak intensity of In2O3 NPs increased when the
calcination temperature was increased from 200 to 600°C. This
can be explained by improved crystallinity of In2O3 NPs formed
at higher temperatures [17]. Additionally, the short-range order of
the samples has an inherent tendency to become a long-range
order which will increase the intensity of XRD pattern [17, 36].
Besides, it is noticed that a few diffraction peaks of cubic In
(OH)3 were detected at 200°C. The presence of In(OH)3 peaks
indicated that transformation of cubic In(OH)3 NPs to In2O3 NPs
was not ﬁnished. However, In(OH)3 NPs peaks disappeared when
the calcination temperature was increased to 300°C. Hence, these
results indicate that the conversion of In(OH)3 NPs to In2O3 NPs
depends on the calcination temperature [17].
The crystallite size of the In2O3 NPs was estimated using the
Debye-Scherrer formula [37, 38]:
D=

Kl
bD cos u

Fig. 2 XRD patterns of In(OH)3 NPs and In2O3 NPs
a As-prepared In(OH)3 NPs
b–f In2O3 NPs calcined at 200, 300, 400, 500 and 600°C, respectively
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(2)

where K is the Scherrer constant (0.9), βD is the full width at half
maximum of diffraction peak, λ is the radiation wavelength, and
θ is the peak position. The average crystallite size of In2O3 NPs
was determined by all of the presented diffraction peaks.
Moreover, Fig. 3 shows the average crystallite size of In2O3 NPs
for different calcination temperature of 200, 300, 400, 500 and
600°C which are 5.16, 3.36, 3.66, 4.57 and 4.90 nm, respectively.
Based on the results, a slightly decreased in the crystallite size of
In2O3 NPs at 300°C is supposed. This is because of the shrinking
of crystallite size when the as-prepared In(OH)3 NPs completely
transformed into In2O3 NPs [11]. It is well known that the
as-prepared In(OH)3 NPs are subjected to decomposition at high
temperature which water and other volatile matter give off and
In2O3 NPs are produced. However, in this Letter, the crystallite
size of In2O3 NPs increased when exposed to the temperature
range of 300–600°C. This can be explained through the coalescence
of NPs with increasing calcination temperature which resulted in
the formation of larger crystallites [17]. Similarly, this phenomenon
was also reported by Seetha et al. [36] which involved the preparation of cubic In2O3 at 300, 500 and 700°C by hydrothermal
method. They observed that the average crystallite size of cubic
In2O3 gradually increased from 37 to 40 and 43 nm. In addition,
Forsh et al. [39] also showed that the size of In2O3 NPs synthesised
by sol–gel method increased from 8 to 20 nm when the calcination
temperature was increased.
Furthermore, the crystallite size of In2O3 NPs was estimated from
Williamson–Hall (W–H) models as [40]

bhkl cos u =

Kl
+ 41 sin u
D

(3)

Fig. 4 shows the W–H plot analysis for all the samples. Kλ/D is the
intercept of the graph where D can be calculated from the values
and ε (strain) is the gradient of the graph. Besides, ﬁve points
with goodness of ﬁt (r 2) of 0.9377 – 0.9962 were selected from
the distribution values. The relationships of crystallite size, strain
and calcination temperature are shown in Fig. 5 where the crystallite
size of In2O3 NPs decreased from 27.79 to 16.03 nm when the calcination temperature increased from 200 to 300°C. On the contrary,
the crystallite size of In2O3 NPs increased slightly from 19.58,
22.66 to 27.19 nm when the calcination temperature was
continually increased from 400, 500 to 600°C, respectively.
Furthermore, the microstrains of In2O3 NPs for different calcination
temperatures (200, 300, 400, 500 and 600°C) were 0.0736, 0.0944,
0.1144, 0.1500 and 0.1647, respectively. Therefore, a similar trend
was identiﬁed in the crystallite size of In2O3 NPs after analysing the

Fig. 3 Crystallite size of In2O3 NPs calcined at different temperatures (200,
300, 400, 500 and 600°C)
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Fig. 4 W–H plot of In2O3 NPs calcined at different calcination temperatures of 200, 300, 400, 500 and 600°C

Fig. 6 FTIR spectra of In2O3 NPs calcined at different temperatures (200,
300, 400, 500 and 600°C)

Fig. 5 Relationship of crystallite size and microstrain of In2O3 NPs as the
function of calcination temperatures (200, 300, 400, 500 and 600°C)

results of both Scherrer and W–H equation. With respect to this
Letter, it can be agreed that the temperature of 300°C applied to
In2O3 NPs gives the smallest crystallite size for both calculations.
3.3. FTIR spectroscopy analysis: Fig. 6 shows the FTIR spectra
(500–4000 cm−1) of In2O3 NPs recorded for different calcination
temperatures. In these spectra, the adsorption bands observed at
3240, 3035 and 1684 cm−1 were characteristics of bending
vibrations and O–H stretching mode of hydroxyl (–OH) group
which represents the presence of water molecules in the lattice
[16]. The adsorption peak observed at 1562 cm−1 mode was
assigned as the C–O stretching vibration mode which indicates
the presence of ethanol. In particular, the appearance of C–O
band was due to the association of the ethanol unit with indium
ions (In3+) to produce a longer chain and facilitate self-assembly
to become an orderly shape through van der Waals interactions.
Other peaks located at 1405, 1039, 831 and 719 cm−1
corresponded accordingly to the In–OH bonds of In(OH)3
ascribed to the liberation mode of vibrations and in-plane
deformation of hydroxyl groups [3, 17, 41]. Additionally, the
detected peaks at 598, 562 and 450 cm−1 can be assigned to
In–O phonon vibrations of In–OH which are the characteristic of
cubic In2O3 [17].
It is observed that the peaks at 1562 cm−1 became sharper when
the calcination temperatures increased from 200 to 600°C. Besides,
peaks located at 3240, 3035, 1684, 1405, 1039, 831 and 719 cm−1
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Fig. 7 Raman spectra of In2O3 NPs calcined at different calcination temperatures of 200, 300, 400, 500 and 600°C

did not exhibit any infrared features of the hydroxyl groups upon
further calcination at 300°C and beyond. This reveals the water
loss from the samples during calcination. It can be observed that
the absorption peaks of In2O3 at 562, 598 and 450 cm−1 became
more intense and distinct which reﬂects the complete conversion
of In(OH)3 to In2O3.
3.4. Raman spectroscopy analysis: Fig. 7 shows the Raman spectra
of In2O3 NPs recorded over the 100–700 cm−1 region for the
temperature range from 200 to 600°C. The observed Raman shift
peaks at 135, 313 and 483 cm−1 were ascribed to typical phonon
vibrational modes of bcc-structure of In2O3. The Raman shift
values found in this Letter well match with the values reported in
[11, 36]. The ﬁrst peak at 135 cm−1 was attributed to the In–O
vibration mode of InO6 structure units. Meanwhile, the second
peak at 313 cm−1 corresponded to the bending vibration of δ
(InO6) octahedrons. Finally, the third peak at 483 cm−1 was
ascribed to the stretching vibrations of the same v(InO6)
octahedrons.
In addition, the bcc-structure of In(OH)3 spectrum at 145 and
175 cm−1 was observed at 200°C [7]. With respect to this observation, it was revealed that the bcc-In2O3 was not formed completely
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until the temperature reached 200°C. On the contrary, the bands disappeared at temperature of 300°C and above, as displayed in Fig. 7.
Furthermore, the Raman results show that the intensity peaks of
bcc-In2O3 increased slightly when the temperature was increased
from 300 to 600°C. These observations verify the crystallinity
improvement of bcc-In2O3 NPs [23, 25]. In this Letter, the results
indicated that higher calcination temperatures enhance the
crystallite growth of In2O3 NPs [26].
3.5. HRTEM analysis: Figs. 8a–j show the HRTEM images of the
In2O3 NPs calcined at 200, 300, 400, 500 and 600°C. As derived
from HRTEM analysis, In2O3 powder consists of NPs round
cubic in shape. The dark area shows the attraction of the small
particles where the larger particles are formed. Besides, the
average sizes of In2O3 NPs under different calcination
temperature of 200, 300, 400, 500 and 600°C were 18.67, 14.67,
17.67, 20.33 and 27.67 nm, respectively. It was discovered that
the particle size of In2O3 NPs decreased when the calcination
temperature was increased from 200 to 300°C. This is due to
complete conversion of In(OH)3 NPs to In2O3 NPs which
occurred at 300°C. With respect to this Letter, this result is in
agreement with the thermogravimetric analysis. Generally, the

Fig. 8 HRTEM images of In2O3 NPs calcined at
a, b 200°C
c, d 300°C
e, f 400°C
g, h 500°C
i, j 600°C
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In2O3 NPs size become smaller as the water molecules are
evaporated from the samples. Several researchers reported that
In2O3 NPs are usually synthesised at a higher calcination
temperature >300°C via aqueous phase method [17, 27]. For
instance, Selvakumar et al. [17] reported that the particle size of
In2O3 NPs is about 35 nm when they were produced by
calcination at 400°C through hydrothermal method. Xiao et al.
[27] also showed that the as-prepared In(OH)3 NPs were
completely converted into 20 nm of In2O3 NPs after calcining at
500°C via solvothermal method.
On the other hand, Niederberger et al. [34] reported that In2O3
NPs of 5–15 nm were produced by mixing indium (III) acetylacetonate (precursor) with acetophenone (solvent) and calcination at
200°C for 24 h. In comparison, in our Letter, more homogeneous
In2O3 NPs of 15 nm were produced at 300°C for shorter duration
of 2 h. Besides, the particle size of In2O3 NPs gradually increased
when the calcination temperature was increased from 300 to
600°C. The results indicated that the smaller grains tend to coalesce
and form bigger particles at higher calcination temperatures, as
shown in Figs. 8d, f, h and j [17].
Furthermore, the particle size distributions were observed to be
more homogeneous, as presented in Figs. 8a and c. In contrast,
the particle size distributions shown in Figs. 8e, i and j seem to
be less homogeneous. In fact, both nucleation and crystal growth
took place in the crystallisation of In2O3 NPs during calcination
through the rearrangement of the In2O3 molecules in their amorphous phase. Both nucleation and crystal growth took place across the
precipitates rather than their surfaces only. Additionally, the nucleation and crystal growth of the particles are controlled when more
In2O3 molecules are inside the precipitates as well as the slow
spread of molecules in solid state [28]. In this context, the relative
smaller size of In2O3 NPs with higher crystallinity is expected to be
produced. However, the high surface area of NPs makes them
thermodynamically unstable when they may agglomerate through
Van der Waals interaction [23]. Therefore, HRTEM analysis
shows that the largest size of NPs (27.67 nm) with higher crystallinity were presented in this Letter when the In2O3 NPs was calcined at
600°C. However, in this Letter, the structure properties of In2O3
NPs in terms of particles size have been improved whereby the
smallest size of In2O3 NPs (14.67 nm) were formed at a lower calcination temperature of 300°C via co-precipitation method.
4. Conclusion: To sum up, In2O3 NPs have been successfully
prepared by calcining the as-prepared In(OH)3 NPs at 200, 300,
400, 500 and 600°C. The as-prepared In(OH)3 NPs are
synthesised at pH 10 through co-precipitation method. The XRD
pattern, FTIR and Raman spectroscopy showed that In(OH)3 still
rising up to 200°C in the samples. However, it is observed that
pure In2O3 without any impurities was only present in all the
samples after calcining at 300°C and beyond. Furthermore,
HRTEM images also showed that the rounded cubic crystal
structure of In2O3 NPs was formed for all of the samples. It is
established that the recrystallisation of NPs occurs during
calcination and the NPs tend to agglomerate at higher
temperatures. The average particles size for all the samples was
found to have the similar trend when the calcination temperature
was increased from 200 to 600°C. These experimental results
indicate that the calcination temperature is a critical factor in the
formation of In2O3 NPs with different structure, size distribution
and morphology. The crystallinity and crystallite size of In2O3
NPs increased with calcination temperature highlights that there is
an enhancement of crystallite growth at higher calcination
temperatures. This assumption is supported by FTIR, Raman and
XRD analysis which displayed the peak intensity. Finally, it can
be concluded that the smallest In2O3 NPs with well distribution
were obtained at 300°C in this Letter. Therefore, the formation of
In2O3 NPs is suggested to synthesise at optimal pH 10 and
calcined at 300°C via co-precipitation method.
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