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Controlling synthesis of nanomaterials is an increasingly active
area.1,2 This interest arises from not only their unusual chemical
and physical properties but also their potential application in many
fields, which have stimulated the search for new synthetic meth-
odologies for these materials. This is especially true for one-
dimensional (1D) metallic materials, such as nanorods, nanowires,
and nanotubes, which play a central role in the emerging area of
nanotechnology.3-5 In the past few years, great efforts have been
devoted to the fabrication of 1D metallic nanomaterials, and several
methods such as electron-beam induction,6 electrochemical deposi-
tion,7,8 thermal evaporation,9,10and surfactant-assisted reduction11,12

have been developed. Among them, solution-phase methods appear
to be of particular interest since they offer the potential of facile
scale-up, and occur at moderate temperature. However, conventional
solution methods often involve a series of complicated procedures
and the use of expensive and sensitive agents. An alternative to
obtain 1D metallic nanomaterials is to disperse melting metal in a
suitable solvent, which may be simple and cheap.

We have been interested in using the solution-dispersion method
for preparing zero-dimensional metallic nanoparticles.13 The method
is based on the microphase separation of a quasi-emulsion system,
composed of melting metal and organic solvent. In this system,
the shear stressτ tries to deform and break up the droplet, and it
is counteracted by the surface tensionσ.14 A droplet of diameterd
will break up whenτd/σ exceeds a critical value. Alternatively,
the droplet will be elongated along shear stress, and the stress
concentration and element segregation at the droplet surfaces should
lead to the dendritic shapes. BiIn alloy has a low melting point
and plays an important role in lubricants, protective materials, Pb-
free solder, and thermal resist for microfabrication.15 In this study,
this methodology was extended to the synthesis of 1D nanocrystals.
Here, we report the first preparation of soluble and dendritic BiIn
nanocrystals from alloy ingot via the solution dispersion route.

In a typical experiment, 0.5 g of BiIn alloy ingot (melting point,
110°C) was added to 40 mL of paraffin oil, the solution was sealed
in 100-mL three-necked flasks equipped with magnetic stirring
equipment, and the solution was heated to 220°C and vigorously
stirred for 7 h. Then, the suspension was cooled to room temper-
ature, centrifuged, and washed with chloroform to obtain the dried
product.

Figure 1 shows an X-ray diffraction (XRD) pattern of the BiIn
dendritic nanocrystals prepared by solution dispersion. The XRD
spectrum of BiIn dendritic nanocrystals contains multiple peaks
that are clearly distinguishable. The peaks with 2θ values of 25.09°,
25.69°, 31.34°, 35.77°, 37.52°, 41.75°, 44.54°, 45.66°, 51.44°,
52.79°, and 56.11° correspond to the 110, 101, 111, 200, 002, 102,
211, 112, 220, 202, and 212 crystal planes of tetragonal phase BiIn
(a ) 4.970 Å,c ) 5.020 Å, JCDPS, 85-0343), respectively. In the

XRD spectrum, there also appear weak additional peaks, which
can be indexed to the crystalline Bi and In2O3, respectively. The
XRD pattern proves that the resulting product is a mixture, which
is predominantly composed of BiIn crystalline phase, with a small
amount of crystalline Bi and In2O3.

Figure 2a shows a typical transmission electron microscopy
(TEM) image of BiIn dendritic nanocrystals prepared by the
solution-dispersion route at 220°C, which is representative of the
resulting products. It is clear that the resulting products have evident
dendritic morphology, with an average diameter of 5 nm and an
elongate shape, resulting in a large aspect ratio. The large aspect
ratio might noticeably improve the solubility of the dendritic
nanocrystals by absorbing solvent molecules. In addition, the size
and morphology of BiIn alloy nanocrystals can be easily modified
by adjusting the reaction parameters. The thicker dendritic nano-
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Figure 1. Powder X-ray diffraction (XRD) pattern of the as-obtained BiIn
dendritic nanocrystals.

Figure 2. TEM images of various BiIn dendritic nanocrystals prepared at
(a) 200°C. (b) 200°C. (c) 185°C. (d) HRTEM image of an individual
BiIn dendritic nanocrystal. The insert is the corresponding ED pattern.
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crystals can be obtained at the relative lower reaction temperature.
The nanocrystals of 10 nm in diameter were obtained at 200°C
(Figure 2b). The nanocrystals of 14 nm in diameter were also
prepared at 185°C (Figure 2c). The corresponding ED pattern
(Figure 2b insert) exhibits discrete spots. Most of the spots can be
easily indexed to the reflection for BiIn alloy, and some are assigned
to the metal Bi and In2O3, which is consistent with the XRD results
above. A high-resolution electron microscopy (HRTEM) image of
a BiIn nanocrystal with a diameter of 7 nm is shown in Figure 2d.
The visible lattice fringes in this image illustrate that the dendritic
crystal is an approximately single crystal. The interplanar spacing
is about 0.354 nm, which corresponds to the{110} plane of the
tetragonal BiIn, revealing that the dendritic crystals consist of BiIn
alloy. To study the In2O3 and Bi in the mixture, the dendritic crystals
were dispersed in paraffin oil and stirred at 230°C for 4 h in air
atmosphere. It is clear that the oxidizing samples appear with a
particle-like shape (Supporting Information, SI), indicating the
formation of In2O3 particles although it is very difficult to
distinguish Bi particles from In2O3 by our TEM study.

Figure 3 gives DTA/TG curves of the BiIn nanocrystals. As the
temperature increases, the DTA curve presents one endothermic
region and several endothermic peaks. The endothermic region in
the range of room temperature to 250°C, accompanying a marked
mass loss, can be attributed to the release of small organic molecules
from the sample powder. The endothermic peak at 110°C
corresponds to the melting of BiIn alloy, and the weaker decales-
cence at 270°C indicates the presence of a little mount of Bi. The
peak at 360°C, accompanying a distinct weight loss, might be
assigned to the further release of solvent molecules. In the TG curve,
the sample presents two successive weight-loss processes from room
temperature to 500°C. The total weight loss is about 21%,
indicating that at least 21% of organic molecules are absorbed on
the nanocrystal surfaces, which can prevent further oxidation of
BiIn dendritic nanocrystals.

The photoluminescence (PL) emission spectrum of the bulk
dendritic samples was measured at room temperature using a Xe
lamp upon excitation at 260 nm (4.76 eV). For comparison, the
PL feature of commercial In2O3 powders was also given. As shown
in Figure 4, an ultraviolet emission with peak at 412 nm was
observed for commercial In2O3 powders. A striking PL feature
showing in the dendritic samples is that there exists a strong
ultraviolet emission band centered at 375 nm and a marked shoulder
at 392 nm. Compared to the PL of In2O3 powders, the PL of the
dendritic samples shows a blue shift of about 37 nm. Moreover,

UV emission from dendritic samples was more than 6 times higher
than that for commercial In2O3 powders. It is known that the
metallic indium and bismuth cannot emit light at room temperature.
This strong UV emission might arise from the In2O3 fine particles
in the mixture, and the possible PL mechanism was related to
quantum confinement effect (the critical Bohr radius of In2O3 is
about 2.14 nm) because the size of In2O3 particles might be in the
quantum confinement regime.

In conclusion, we report a novel solution method for controlling
synthesis of metal dendritic nanocrystals and that the as-obtained
BiIn nanocrystals have high crystalline and good solubility. The
product through this technique is cheaper, and the morphology of
the nanocrystals can be greatly modified by changing the reaction
parameters. This strong UV emission might arise from the quantum-
confined In2O3 particles.
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Figure 3. TG and DTA curves of BiIn nanocrystals prepared by the solution
dispersion route. Figure 4. Room-temperature photoluminescence (PL) spectra of dendritic

samples and commercial In2O3 powders measured upon excitation at
260 nm.
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