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Abstract. InSb nanostructures have been synthesized by the use of gas aggregation process. Nanoparticles
with different shapes are obtained by controlling the growth and deposition temperature of the InSb
nanoclusters. Triangular nanocrystals are commonly observed when the clusters are extracted from the
condensation chamber of the source and deposited on the room temperature substrate at high vacuum.
When the deposition is performed inside the condensation chamber at high temperature near the melting
point of bulk InSb, nanoparticles formed on the substrate surface show several kinds of 3-dimensional
morphologies, such as triangular or rectangular prisms, as well as hexagonal tablets. Keeping the same
conditions for the cluster source operation and deposition, after long time growth, nanorods with hexagonal
and quadrangular cross sections are formed through vapor-liquid-solid (VLS) process. The origin of the
difference on the morphologies and shapes of the nanostructures is attributed to the anisotropic growth of
InSb, which is temperature dependent.

PACS. 61.46.-w Nanoscale materials – 81.07.-b Nanoscale materials and structures: fabrication and char-
acterization

1 Introduction

Indium antimonide, with a band gap of 0.17 eV at 300 K,
has been extensively used for infrared astronomy and ther-
mal imaging [1]. Moreover, InSb has the highest elec-
tron mobility among all semiconductor materials, which
shows potential applications in fabrication of high-speed
transitors [2,3,7]. Meanwhile, blue shift of photolumi-
nescence (PL) has been discovered from InSb quantum
dots [4,5] and elucidated to the three dimensional confine-
ment. Many researches have been carried out on how to get
InSb quantum dots [4–8] with controlled size and morphol-
ogy so as to get infrared light emitter with tunable wave-
length. However, up to now few have been reported on
the synthesis of one-dimensional nanostructures of InSb,
despite the many successes on other semiconductor one-
dimensional materials, such as ZnO, Si and Ge. Recently,
InSb nanowires were discovered on the ion beam-sputtered
InSb (001) surface [10]. Long InSb nanowires were also
synthesized with asbestos matrix template [9]. However,
there were no reports that the vapor-liquid-solid (VLS)
method was used for InSb one-dimensional nanostructure
formation. VLS process is now a common method for semi-
conductor nanowire synthesis. According to this mecha-
nism, the anisotropic crystal growth is promoted by the
presence of the liquid alloy/solid interface. The process
supplies the reactants in a vapor phase. They react with a
liquid metallic seed particle placed on a substrate and form
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a liquid alloy droplet, which always occurs on the tip of the
grown wire. One-dimensional nanostructure is gradually
formed with the component separation from the saturated
droplet on the tip. In this paper, we report on the fabri-
cation of InSb nanoparticles in different morphologies and
shapes, as well as one-dimensional InSb nanorods. The for-
mation of InSb nanorods is considered as an anisotropic
crystal growth via VLS process. Metal droplet of In, which
comes from the high temperature decomposition of InSb,
acts as the catalytic seed.

2 Experimentals

The syntheses are performed in a gas aggregation clus-
ter source. Details of the experimental equipment can be
referred to reference [11]. Stoichiometric InSb powder is
evaporated in a BN oven to generate gaseous InSb. In-
ert gas (helium or argon) is introduced as carrier gas to
stimulate the nucleation of InSb clusters and extract the
products from the nucleation zone. The evaporation tem-
perature varies around the melting point of InSb powder
(520 ◦C). Amorphous carbon films supported with copper
grids are used as substrates for transmission electron mi-
croscopy (TEM) characterization. Si wafers are also used
as substrates, which are mounted inside the effusion hole
of the evaporation oven so as to collect specimens directly
grown on it under high temperature. The specimens are
then used for scanning electron microscopy (SEM) obser-
vation.
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Fig. 1. TEM image of InSb nanoparticles deposited on an
amorphous carbon film at room temperature.

Fig. 2. HRTEM image and the corresponding (FFT) 2D power
spectrum of a spherical nanoparticle.

Fig. 3. HRTEM image and the corresponding (FFT) 2D power
spectrum of a triangular nanoparticle.

3 Result and discussion

When the evaporation temperature is kept at 650 ◦C and
the He gas pressure in the aggregation chamber is kept at
1 Torr, an InSb nanocluster-based specimen is deposited.
The clusters are extracted from the aggregation chamber
and deposited on the amorphous carbon films in a high
vacuum chamber that is separated from the aggregation
chamber by a skimmer. The deposition is performed for
5 seconds at room temperature and the specimen is char-
acterized with TEM. Two kinds of nanoparticles, with ei-
ther spherical shapes or triangular shapes (indicated by
the arrows) can be distinguished from the specimen, as
shown in Figure 1. The particle size is between 10 nm and
20 nm. Both kinds of nanoparticles are analyzed by high
resolution TEM (HRTEM) (Figs. 2 and 3) to character-
ize their internal structures. As it can be seen, distinct
lattices can be identified in both of the HRTEM images

Fig. 4. SEM image shows InSb hexagonal tablets distributed
randomly among irregular particles.

of the nanoparticles. However, the 2D power spectra from
the fast Fourier transform (FFT) of the HRTEM images
illustrate different symmetries: the spherical particle has
four-fold symmetry and the triangular particle owns three-
fold symmetry.

Usually, excess In atoms are precipitated in InSb film
during the fabrication process [12]. In bulk, Indium crystal
belongs to tetragonal system with no three-fold symmetry,
while InSb has a zinc blend structure and owns three-fold
symmetry along (111) direction. Judged from the symme-
tries obtained from the 2D power spectra of the HRTEM
images, the triangular particles are InSb nanocrystals and
the spherical particles are In nanocrystals aggregated from
the precipitation of excess In atoms. In fact, crystalline In
and crystalline InSb can coexist in one big particle [8]. In
crystal growth, crystal plane with the lowest surface en-
ergy has the highest growth speed. For InSb with a face-
centered cubic structure, (111) is such a crystal plane.
When this plane is exposed, the crystal often takes a tri-
angular appearance.

If we decrease the evaporation temperature to 520 ◦C
and keep the carrier gas pressure at 5 Pa, hexagonal
tablets can be discovered with scanning electron mi-
croscopy (SEM) from the specimen deposited for 30 min-
utes on the silicon wafer near the evaporation oven, as
shown in Figure 4. The hexagonal tablets are randomly
distributed among other irregular shaped particles; they
can be either parallel or perpendicular to the substrate
surface. Their sizes reach hundreds of nanometer. The
hexagonal structure can be ascribed to the evolution of tri-
angular nanoparticle. Since the specimen was collected in
the condensation zone before being extracted to differen-
tially pumped high vacuum zone, the deposits may contain
a large fraction of very small clusters or even monomers.
The growth of the hexagonal crystals can proceed with
adsorbing monomers or merging small clusters through
Ostwald ripening. As mentioned above, the rapid growth
of the (111) plane results in the triangular morphology of
the InSb crystal. However, if the rapid growth of the (111)
plane is accompanied by the slower growth of the planes
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Fig. 5. SEM image showing rectangular-shaped InSb particles.

Fig. 6. XRD pattern of film composed of rectangular-shaped
InSb particles.

(101), (101), (110), (110), (011), (011) that are vertical to
this plane, the (111) plane will have a hexagonal shape,
because its growth is confined by the development of the
{110} planes, which simultaneously grow and enclose a
hexagonal area. As a result, hexagonal tablets with (111)
top surfaces are formed. On the other hand, if the growth
occurs by smaller cluster contact and coalescence, irregu-
lar particles will be formed.

Furthermore, if the carrier gas pressure is increased to
the order of 200 Pa, rectangular, as well as triangular par-
ticles are formed on the Si substrate instead (Fig. 5). Their
sizes reach 100 nm with 30 minutes growth. The X-ray
diffraction (XRD) pattern of this InSb film exhibits sev-
eral reflection peaks in the diffraction angle range of 10–
70◦, which correspond to InSb (111), (311) and In (111),
(003), (331) reflections, as shown in Figure 6. For each
interplanar spacing, the intensity ratio of the diffraction
peak has a typical value of the standard XRD spectrum
of InSb or In, except the one that is indicated by an ar-
row in Figure 6. This reflection corresponds to a 0.229 nm
interplanar spacing and has a FWHM (full width at half
maximum) of 0.24, which is much broader than others.
The broaden of the diffraction peak and the deviation of
the intensity ratio may come from the overlap of the InSb

Fig. 7. SEM images showing different shaped InSb nanorods
grown from VLS mechanism.

(220) and In (200) reflections, since they locate almost
at the same diffraction angle. Therefore, the XRD pat-
tern proves the coexistence of tetragonal In nanocrystals,
clustering from the excess In decomposed from InSb, and
triangular InSb nanocrystals with zinc blend structure.

Rectangular InSb particles have been observed from
nucleation in benzene [7]: they were grown through a free
nucleation process and the rectangular shape of the par-
ticles comes from the anisotropic growth of InSb crystal.
But here it is more evident that the rectangular appear-
ance of the particles should come from the excess indium,
considering the XRD pattern of In crystals we observed.
The indium growth along (100) direction results in the
rectangular shape.

One-dimensional short nanorods are synthesized from
a long time growth under high temperature in the ag-
gregation chamber. Figure 7 shows the SEM images of
such InSb nanorods. They are formed through a 2 hours’
growth. The evaporation temperature is kept at 570 ◦C,
a little higher than that for the formation of rectangular-
shaped particles and hexagonal tablets shown in Figures 4
and 5. Ar is used instead of He as carrier gas. The gas
pressure in the aggregation chamber is also 200 Pa. From
Figure 7, hexagonal prisms can be identified. They have
the same symmetries as the InSb nanocrystals mentioned
above and may also have the same origin. Large spherical
particles are always observed on the top of the nanorod,
which may give the evidence of a VLS mechanism growth
that controls the nanorod formation. But if such mecha-
nism is really present in the InSb nanorod growth, a devia-
tion from the ordinary VLS process should be considered.
In a common VLS process, the droplet on the top of the
nanorod is mainly composed of metal catalyst and never
contributes to the chemical component of the final solid
phase. Here the droplet forms from the excess In. Since the
temperature of our experiments is much higher than the
melting point of In (156 ◦C), the droplet is always in liquid
phase. In droplet can provide the liquid phase and absorb
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Sb from the gas ambient to synthesize InSb component.
When InSb is saturated in In droplet it precipitates into
solid nanorod under the droplet. Obviously In not only
catalyzes the nanorod formation by VLS growth, but also
contributes to the chemical component of the final solid.

Finally we discuss briefly about the effect of the sub-
strate temperature. Although the substrate temperature
has not been precisely measured, it should certainly be
well below the temperature of the evaporation oven. And
since the evaporation temperature in our experiment is
not so much higher than the melting point of InSb, it
is appropriate to assume that the substrate temperature
is below the melting point of InSb and changes mono-
tonically with the evaporation temperature. Obviously, to
grow InSb nanorod in solid form a substrate temperature
well below the melting point of InSb is required. And from
our experiments it seems that lower temperature is pre-
ferred for an anisotropic growth. However, the tempera-
ture should still be high enough to keep the In-rich droplet
on top of the nanorod in liquid phase.

In conclusion, under an appropriate temperature be-
low the melting point of InSb, anisotropic growths of InSb
induce two kinds of nanostructures with triangular and
hexagonal symmetries on morphologies respectively, which
have the correspondence with the internal lattice symme-
tries of In and InSb crystals.
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