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A novel solvothermal route combined with calcination was
successfully established to synthesize octahedral In, O3 particles,
which exhibit near band emission. Interesting shape transforma-
tion from amorphous sphere to well-shaped octahedron was
found.

Inorganic nanoparticles with well-defined shapes are of spe-
cial interest to understand basic size-dependent scaling laws and
may be useful in a wide range of application fields, including
photonics, nanoelectronics, information storage, catalysis, and
biosensors. Recently, a series of well-shaped nanoparticles in-
volving noble metals, oxides, and fluorides was successfully syn-
thesized via different routes.'

Indium oxide is an important transparent conducting oxide
(TCO) material that has wide applications in such as UV lasers,
gas sensors, electrooptic modulators, low-emissivity windows,
solar cells, flat-panel display, and electrochromic windows, be-
cause of its high electrical conductivity and high optical trans-
parency.*> Indium oxide also has very interesting superconduc-
tor—insulator transition behavior at low temperature and in low
dimensions. In our previous work, In,Os nanocubes truncated
with {001} faces were synthesized by calcination of In(OH)s;
nanocubes.® Additionally, In,O3 nanoprisms were successfully
produced via a selective epitaxial vapor—solid growth choosing
the mixture of In and In,O3; powder as precursor.” Recently,
on heating In chunks at 1200 °C, In,O3 octahedral particles were
found.® By decomposing organometallic precursor, highly crys-
talline and size-controlled In,Os nanoparticles were also pre-
pared.”!% It can be deduced that different precursors have obvi-
ous influence on the final shape of products, which inspired us to
explore a new unstable precursor to obtain nanoparticles with
novel shapes. Thus, a new indium complex In(cup)s; was chosen
to be indium resource, octahedral In,O3 was achieved at 400 °C
by calcination of amorphous indium oxide obtained by solvo-
thermally decomposing the precursor.

In a typical procedure, 0.3 g of In(cup)s (prepared from
InCl; and cupferron) was slowly added to 40 mL of benzene,
the obtained solution was transferred into a stainless Teflon-
lined 50-mL capacity autoclave, which was maintained at
220°C for 24 h and then cooled to room temperature. The ob-
tained products were washed with water and alcohol and dried
at 60 °C for 4 h. The as-prepared products were heated in a boat
crucible at a rate of 3 °C/min to 400 °C and maintained for 2 h in
air. The morphology of the products was examined by field
emission scanning electron microscopy (FESEM), performed
on a JEOLJSM-6700F Scanning electron microanalyzer. The
oriented growth direction and crystallinity can also be analyzed
by X-ray diffraction measurement (Rigaku X-ray diffractometer
with Cu Ko« radiation) and electron diffraction (Hitachi Model
800 at 200kV). Photoluminescence spectrum was recorded on

a Spex Fluorolog-3 spectrometer using an excitation of 250 nm
with a 150-W Xe lamp at room temperature.

The XRD pattern of amorphous In,O; was shown in
Figure 1a, which is significantly different from XRD pattern of
In(cup)s. Figure 1b shows the XRD pattern of octahedral In,O3.
All of the peaks can be indexed to a pure cubic phase [space
group: la3] of In,O3 with lattice constant ¢ = 1.015 nm, which
is very consistent with the literature value of ¢ =1.011nm
(JCPDS 71-2195). The abnormally strong (222) refection sug-
gested that the crystal might be truncated by {111} crystal face.
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Figure 1. XRD pattern of (a) the amorphous In,O3; and
(b) octahedral In;0s5.

The typical SEM images of the amorphous In,O3 and octa-
hedral In,Os crystals are shown in Figures 2a and 2b. From
Figure 2a, we can find that more than 90% particles of the as-ob-
tained amorphous In,O3 are regular spheres with a mean diam-
eter of 0.5-1.0um. The calcined products are shaped as octahe-
drons with uniform side length, average value is about 500 nm as
showed in Figure 2b, which has never reported as for In,O3 at
relatively lower temperature. The octahedral structure of In, O3
was further examined with TEM image. The SAED pattern taken
from a single octahedron can be exactly indexed to an In,O3
single crystal recorded from the [111] zone axis (insert in
Figure 4d).

Figure 2. FESEM images of (a) the amorphous In,O3 sphere
and (b) the octahedral In,0O3.

Figure 3 shows a typical PL spectrum of high quality octa-
hedral In,O; measured at room temperature. It displays the
emission maximum at 3.89eV (318 nm) and blue-shifted 200
meV compared to the bulk 3.67eV (338 nm), the emission can
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be ascribed to NBE emission.!! Furthermore, the products do not
show PL emission at low energy (400-550 nm), which is always
ascribed to amorphous In,O3 or oxygen vacancies.'? In previous
reference, ultrafine nanoparticle (<6 nm) will emit blue-shifted
light by quantum effect.® In general, emission spectra can be div-
ided into two broad categories: the near-band-edge (NBE) emis-
sions and deep-level (DL) emissions. High crystal quality and
the quantum confinement effect related to the nanostructures
are two factors favoring the increase of the intensity of UV emis-
sion at room temperature.!! Rather than quantum confinement
effect, we attribute the shorter PL. emission to the high crystal
quality of In,O3; owing to the annealing process, which can de-
crease impurities and structure defects, such as oxygen vacan-
cies. This leads to a high NBE emissions-to-DL-emissions ratio,
which results in detectable UV emission at room temperature.
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Figure 3. Photoluminescence spectrum of the octahedral
Il’1203.

The direct crystallization of amorphous precursors seems to
be an alternative strategy to the templates or additives for the
morphology control of inorganic substances.'>'* As an unstable
indium complex, In(cup)s, can be easily decomposed under a
relatively lower temperature, benzene-thermal treatment in-
duced In(cup); to decompose into amorphous In,Os sphere, as
showed in Figure 4a. Obviously, crystallization cannot be com-
pleted in such a low temperature. Further crystallization was car-
ried out by calcination of the amorphous In, O3 sphere. The basic
principle for the crystallization method is to control the crystal-
lization kinetics of amorphous solids by optimizing the heat
treatment conditions; the key to the formation of nanocrystallites
in an amorphous solid is to control the calcination temperature
such that the nucleation rate is high while the growth rate is slow.
The calcinations temperature was determined by TG/DTA char-
acterization. On the condition of low calcinations rate, an inter-
esting shape transition was recorded by TEM image, as listed in
Figures 4b—4d. In the initial period of calcination, some parts on
the sphere extend out small corner, the corner is also well defined
and some faces can be clearly detected in Figure 4b. As calcina-
tions continued, sphere became smaller, the corners grew larger,
and octahedron has been clearly differentiated, as shown in
Figure 4c. Finally, the sphere completely disappeared and trans-
formed into regular octahedron when calcination was main-
tained for 2 h (Figure 4d). However, on the condition of high cal-
cinations rate, no regular shape was found in the final calcined
product.

As for our designed procedure, amorphous In,O3 sphere dis-
solved gradually and supplied enough nutrition for the growth of
the well-defined particle. It is well known that most of the amor-
phous particles have a strong transformation tendency from ther-
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modynamics metastable state to stable crystalline state under ap-
propriate conditions. Furthermore, the crystallization is general-
ly accompanied with the formation of desired structure due to
the necessity to obtain a match between the symmetry of the
crystal and their geometric shape.
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Figure 4. Development of In,Os; octahedral nanoparticle
recorded by TEM images.

In summary, by a designed two-step route octahedral In, O3
nanoparticles were successfully synthesized at relatively low
temperature. PL spectra showed the as-obtained In,O; are
highly crystalline and defect-free, which is beneficial for its
application in optic and electronic devices.
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