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High-quality Sb;Tes; nanostructures are synthesized by a simple hydrothermal method. The morphologies of the
nanostructures change from hexagonal nanoplates to nanorods with the extension of growth time. Secondary nucleation
is the dominant factor responsible for the change of the morphologies. Structural analyses indicate that all the obtained
nanostructures are well crystallized. IR-active phonons are mainly observed in the Raman spectra of the nanoplates and
nanorods. The slight deviations are observed in the Raman modes between the nanoplates and nanorods, which could

originate from confinement effect in the nanostructures.
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1. Introduction

Recently, great effort has been made to study nanostruc-
tured thermoelectric (TE) materials. The great improvement
in the dimensionless figure of merit (ZT) has been achieved
both theoretically and experimentally!'#! due to both a high
density of states and an increased phonon scattering or re-
duced lattice thermal conductivity in nanosystems./'>! An-
timony telluride (SbyTes), a well-known narrow band-gap
thermoelectric material with high ZT, has attracted consid-
erable fundamental and technological interests for decades
because of its potential applications in a stable ohmic back

[6.7]

contact in high-efficiency solar cell devices, mini power-

generation systems and microcoolers, CCD technology, in-

8-12

frared detectors'®~'?! and non-volatile phase change memory

devices because of its ability to reversibly transform between
amorphous to crystalline states.!!3-16]

Although the controllable syntheses of TE nanostructures
have been extensively studied by various methods,!!->#! the
evolution process from nanoplates to nanorods with time has
not been reported. Here in this work, we synthesize SbyTe;
nanoplates by a simple hydrothermal method and for the first
time observe the evolution process of the nanostructures from

nanoplates to nanorods with reaction time.

2. Experimental details

The synthesis of SbyTe; nanostructures was carried out
by the hydrothermal method. Typically, 0.114-g (0.5 mmol)
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SbCl; was dissolved in 3-ml deionized water, with 0.2-g tar-
taric acid simultaneously dissolved in another 3-ml deion-
ized water under vigorous stirring. The two parts of the so-
lutions were then mixed under continuous stirring. During
this step, 0.178-g K,TeO3 (0.7 mmol) was dissolved in 20-
ml NH3-H;O, followed by dipping 8 ml of NH,-H,O, thus
forming a uniform transport solution. Then the uniform trans-
port solution was added to the SbClz solution under further
stirring. The mixture was transferred to a teflon-lined stain-
less steel autoclave and sealed. The autoclave was placed in a
pre-heated oven at 180 °C for various times, varying between
5 h and 48 h, and then naturally cooled to room temperature.
The black precipitate obtained was filtered, washed with dis-
tilled water and ethanol several times until the filtrate became
colorless, and then dried in a vacuum at 80 °C for 10 h in se-
quence. The structural characterizations of the samples were
performed with x-ray diffraction (XRD) technique with using
Cu Ka irradiation and field emission scanning electron mi-
croscopy (FESEM) images on a Hitachi S-4800 microscope
instrument at an accelerating voltage of 10 kV. Raman spec-
trum was measured using a micro-Raman spectrometer with
514-nm laser as an excitation source.

3. Results and discussion

Figure 1 shows the x-ray powder diffraction data of
the prepared powders obtained at pre-heating temperature of
80 °C for 5, 24, and 48 h, respectively. Evidently, all the peaks
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in the patterns of the samples can be indexed according to the
power diffraction card of SbyTes (JCPDS: 71-0393).
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Fig. 1. (color online) XRD patterns of the nanostructures obtained at

pre-heating temperature 80 ° C for 5, 24, and 48 h, respectively, indi-
cating the samples have similar crystal quality.

Fig. 2. SEM images of the nanostructures obtained for growing times of 5 h
(a), 24 h (b), 36 h (c¢), and 48 h (d), which indicate the evolution process of
the nanostructures from hexagonal nanoplates to nanorods.

No obvious diversity is observed among these samples.

However, the morphologies change greatly with the in-
crease of reaction time as shown in Figs. 2(a)-2(d). From the
evolution processes of the four samples we can find that at
the beginning of the reaction (5 h) regularly shaped hexag-
onal nanoplates are formed with diameters of 1 pm-1.5 um
and thickness of 100 nm—120 nm as shown in Fig. 2(a), with
prolonging reaction times to 24 h, small nanodots combined
with short nanorods gradually appear on the surface of the
nanoplates and in the gap between two nanoplates, and the
sizes of the nanodots are in a range of about 100 nm—150 nm.
When the reaction time reaches up to 36 h, more dots and
small rods appear, the nanodots have a tendency to grow into
nanorods. With further extending the reaction time up to 48 h,
the samples are almost composed of nanorods in the whole
observed region, no nanoplates are detected at this stage, im-
plying that the samples are totally converted to nanorods. We
speculate the evolution mechanism of the nanostructures in

morphologies with time should be as follows. Hexagonal
nanoplates of Sb,Te; are easy to obtain as reported by most
of the research.”>=?’l In the original growth stage (5 h in
our case), the precursors crystallize into hexagonal nanoplates,
with expanding the growth time, secondary nucleation occurs
on the surfaces of the nanoplates (24 h in our case), as a result,
small nanodots are observed on the surfaces of nanoplates:
the nanoplates act as nucleation sites. Further prolonging the
growth time, the nanodots grow into short rods, and finally
nanorods dominate when the growth time increases up to 48 h.

The schematic growth diagram is shown in Fig. 3.

< —

Fig. 3. (color online) Schematic diagram of evolution process of Sb, Te3
nanostructures from hexagonal nanoplates to nanorods.

Previous studies showed that Raman spectroscopy is a
powerful tool for identifying the structures of the crystals. The
extensive Raman studies are conducted on these nanostruc-
tures. Like other V, VI3 compounds, Sb,Tes crystallizes into a
layer structure with the symmetry R3m (ng). It shows there-
fore strong anisotropic behavior. There are five atoms per unit
cell and consequently Sb,Tes exhibits 15 phonon modes for
each wave vector K.?2°1 In our sample we mainly observe
IR-active phonons. Figures 4(a) and 4(b) present the represen-
tative Raman scattering spectra of the samples synthesized for
5 h and 48 h, in the case of 5-hour synthesized sample, six
Raman modes located at 119, 142, 190, 252, 371, 451 cm ™!
are observed, which correspond to the characteristic modes of
E2* (LO), 2A 1, 2E2* (TO), 2E2 (LO), 2E2 (TO) +2E2* (LO),
and 3Eﬁa (LO) of SbyTes, while the Raman modes of nanorods
remain nearly the same as those of nanoplates, except 2 cm™!
of blue shift for each of the 119, 371, and 452 cm™! Raman
modes. Two reasons may be responsible for the change of
the Raman modes: one is due to the breaking of symmetry
in nanocrystals, which leads to the conversion of the origi-
nal prohibited transmission into allowed transmission, corre-
spondingly some new peaks emerge compared with the sce-
nario for its bulk material. The other reason is that the con-
finement is anisotropic in the nanostructure, which causes the
shifts of Raman modes, for it has a different effect on a differ-
ent mode, as a result some modes shift while the others keep
unchanged. 30!
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Fig. 4. (color online) Raman spectra of the as-synthesized nanoplates
(black curve) and nanorods (red curve).

4. Conclusions

In this work, we successfully synthesize Sb,Te; nanos-

tructures and observe the evolution process from nanoplates

to nanorods with growth time extending from 5 h to 48 h. A

brief growth mechanism is presented to illustrate the evolution

process. In addition, all the obtained nanocrystals are well

crystallized. The Raman spectra of the nanostructures indicate

that the samples are highly crystallized. The small deviation

is observed between the nanoplates and nanorods, and caused

by anisotropic confinement.
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