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The fabrication of advanced thermoelectric materials with high
figures of merit (ZT) holds a considerable technological promise
for device applicationsIn bulk compounds, such as AgRbTe
thermoelectric materials exhibit an impressive high ZT&.2 at
800 K7 related to the reduced lattice thermal conductivity) by
the embedded nanostructured precipitdt®s the other hand, the
low-dimensional systems offer remarkable advantage for ZT
enhancemefibwing to the sharper density of states and increased
phonon scattering. Until now, the highest ZT-e2.4 was reported
by Venkatasubramanian et al. in,Bes/Sk,Te; superlattice film?
Since a larger enhancement in ZT is anticipated with decreasing
the dimensionality, the heterostructure nanowires (zero-dimensional)
are predicted to exhibit a better thermoelectric performance than
conventional nanowires or superlattice filfhattracting more and
more attention. Many efforts have been made for preparing the
heterostructure nanowires by means of the vagiquid—solid
(VLS)” or the pulsed electrodeposition process&ar example,
Yang et al. developed a Hybrid pulsed laser ablation/chemical vapor
deposition (PLA-CVD) method for synthesizing the high-quality
Si/SiGe nanowires with a reduced.”® However, it is still a
challenge to find a simple and universal strategy with a high degree 30 b

of control for fabricating the thermoelectric heterostructure nanow- F9ure 1. (a) FE-SEM image of the BTey/Te nanowire arrays, (b) TEM
ires image of the dispersed Hiey/Te heterostructure nanowires, (c) the close-

) ) up of a couple of segments, (d) HRTEM image and SAED patterns of each
The bismuth-tellurium alloy system has been a focus of segment, (e) the EDS results of each segment.

extensive research because of its excellent thermoelectric perfor-

mance near room temperatifeHere, we report a novel and  yith high-aspect ratios are straight and continuous. The diameter
convenient route for the spontaneous formation of thd®&iTe  of the nanowire is about 60 nm, which corresponds closely to the
multlple heterostructure nanowire arrays using the preupltatlon size of the nanochannel of the PAA membranes. It is noted that
reaction of the supersaturated Bl €.74alloy under a nanoconfined g5 nanowire exhibits periodic heterogeneous contrast obviously.

system. The porous anodic alumina (PAA) membranes, fabricated length of each segment ranges from 50 to 100 nm, and the
via a standard two-step anodization procéss;t as the nanoscale

reaction tubes to provide the physically confined environment. The
Bi—Te alloy was deposited into PAA membranes at a constant
current of 1.5 mA by a potentiostat/galvanostat (HDV-7C) with
the electrolyte solution containing s 102 M HTeO," and 1.25

x 1072 M Bi3* (the detailed synthetic procedure is presented in

the Supporting Information Part 1). Then the as-deposited nanowire

arrays were annealed under vacuum at a set temperature to Obtaiﬁegment._The upper pattern of segment | can be steadily indexed
the final products. The morphologies of the as-prepared samplet0 (101), (12), (211) as a hexagonal Te phase (JCPDS 04-0554),

were investigated by high-resolution transmission electron micros- 2nd the lower pattern of segment Il can be assigned to (015) as a
copy (HRTEM, JEOL 2010) and field-emission scanning electron Nexagonal BiTe; phase (JCPDS 82-0358) (The structure of the
microscopy (FE-SEM, JEOL JSM-6700F). The structures and Segment Il can be well characterized by rotating a certain angle
compositions were confirmed by HRTEM, selected-area electron With the sample hold, see the Supporting Information Part 2).
diffraction (SAED), and energy dispersive X-ray spectroscopy Moreover, the EDS results of each segment, shown in Figure le,
(EDS). also provide a powerful evidence that the segment | is pure
Figures 1a and b show the FE-SEM and TEM images of the Te, and the segment Il is the alloy with the atomic ratio of
sample annealed at 30Q for 300 min. Large scale nanowire arrays about 41% Bi versus 59% Te, which is exactly close to the
with lengths up to tens of micrometers can be observed, and thestoichiometric BiTe; as the equilibrium phase in the BTe
TEM image of the dispersed nanowires shows that those nanowiresphase diagrart? These results strongly support the nature of the

(2)

Te

interface between neighboring segments is well perpendicular to
the wire axis.

From the close-up of a couple of segments in a randomly selected
nanowire in Figure 1c, the interface clearly shows a junction
structure. The corresponding SAED patterns and HRTEM results
shown in Figure 1d indicate the single crystalline nature of each
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(a) (b) (c) (d) (e) ) as illustrated in Figure 3a,b,c. It is well-known that, after a
120°C  120°C 150°C  200°C  300°C precipitate reaction has ended, the microstructure would be
R T NEe SIp R S0eut coarsened by sacrificing the smaller Te grains for decreasing the

I I l I I total interfacial area and hence the free enéfgyccording to the

Lifshitz—Slyozov-Wagner (LSW) theory} in the same annealing
time the average grain size will increase with increasing temper-
ature. But, when the grains grow as large as the nanochannel size,
their growth will be limited in the two-dimensional (2-D) vertical
plane of the nanowire because of the confinement of the nanochan-
nels in PAA membranes. It is considered that the grains can grow
into a block, arranged equally in the nanowires, which builds the
block-by-block structure within a nanochannel, as shown in Figure
3d. To minimize the free energy with the smallest interfacial area,
Figure 2. TEM images of the samples annealed under different conditions. it should obviously give a flat interface between blocks instead of
® ) © @ a curved one. As a result, the well-establisheglBi/Te hetero-
structure nanowire arrays are fabricated.
In summary, we successfully synthesized thglBj/Te multiple
heterostructure nanowire arrays through a simple annealing process
of the supersaturated Bilre nanowire arrays. The heterostructure

—_ — — nanowires, as the block-by-block structure, may be derived from
8 the precipitation confined by the nanochannels of the PAA
membrane. This work provides a facile and cheap strategy for

synthesizing multiple heterostructure nanowire arrays.
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precipitation reaction of the supersaturatee-Be alloy, which can
be formulated as

?ﬁe 1
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