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Recent theoretical studies indicate that phase boundaries in |

nanowires reduce the lattice thermal conductivity, thus significantly ) I T 180 min
improving the efficiency of thermoelectric materiafs.However, S e N A A n et

introduction of intrinsic interfaces along the growth axis of E‘ 60 min
nanowires is difficult, from a synthetic perspective which deters B= .

the advancement of manufacturing high-performance thermoelectric ’§ e

devices. It is therefore very important to develop new chemical E: e T =L, N 30 min
approaches to provide the building blocks for improved thermo- g ,,

electrics. Here we report a new synthesis of crystallingS&i 2 %)) * E* - § L3min
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nanowires with periodic phase boundaries between hexagonal and

orthorhombic phases. M

To date, the best bulk thermoelectric materials at room temper- 20 20 40 50 60 70
ature are alloys of AB3¥! binary compounds such as Bes, 26 (Degree)
ShyTes, BioSe;, which are doped with traces of other elements. This Fii 1. XRD patterns of samples after different sonication time. The
. . . : : igure 1. .
makes BiSe; a good target material for developing heterojunction patterns clearly show the transformation of crystal structures from purely

nanowires that have good potential to improve thermoelectric hexagonal before sonication to purely orthorhombicragth of sonication.
properties. Previous reports have shown that heterojunction metalPeaks marked with * belong to the hexagonal structure.

nanowires can be achieved by direct electrodeposition in alumina . L . .
templatestS However, this method does not generate single- N&SeSQ in the presence of nitrilotriacetic acid (NTA). Then the

crystalline nanowires, and the junctions are not lattice matched. Precursor solution was sonicated without electric current fo8 1
Lieber and co-workers have developed an alternative metal- h. For the first step, the sonoelectrochemical setup is similar to

,11
catalyzed approach to synthesize heterojunctions between carboﬁhat rgported bef‘?f’é‘- Or.1‘ th? other ha.ndz undgr the currenF
nanotubes and silicon nanowire©n the other hand. Li et al. experimental conditions, utilization of a stoichiometric reactant ratio

reported the synthesis of SI€&NT heterojunctions via a thermal ~ €nabled us to produce nanowires of highest purity and crystallinity.
evaporation methodA very successful approach for the synthesis We obtained the best crystallized products using current densities
of heterojunction nanowires is to control the flow of semiconductor N the range of 35:453.0 mA/cnt. In the second step, the precursor
vapors during the nanostructure growth. Outstanding examples of SClution was conthuous_ly sonicated for3 h. The ultrasound pulse
materials, prepared by using the latter technique, are Si/SiGec’n/Off ratio r‘g’as 91 using a 0.6 cm dl_ameter Ti horn at 2_0_ kHz
superlattice nanowires and InAs/InP heterostructure nanofdres. 2nd 60 W/cm. The solutions were centrifuged, and the precipitates
However, despite the success of these physical methods in thewere washed three times with water and ethanol and then dried.
preparation of heterostructure nanowires the processes are still ' i9ure 1 shows the XRD patterns (Philips X'pert) of the%

complicated, highly energy consuming, and very costly. Moreover, powder extracted after different sonication times. The XRD
the synthesis of VI semiconductor heterostructures via these measurements show that the crystal structure changed drastically
methods is still to be realized during the first hour of sonication. Before sonication, the XRD

In recent years, sonochemical and sonoelectrochemical tech-Pattern exhibited a pure hexagonal crystal structure (JCPDS file:

nigues have been extensively used in the synthesis of nanostructuré”s'zm)’ and sub_sequent peaks of newly formed orthorhombic
materialsio-12 During the acoustic cavitation process, very high CryStals (JCPDS file: 77-2016) started to emerge after 15 min of
temperatures5000 K), pressures>20 MPa) and cooling rates ~ sehication. . _

(>107 K/s) can be achieved upon the collapse of the bubble. Such The intensities of the original peaks were reduced after 30 min,

remarkable environments provide a unique platform for the growth which |nd|c§1teq a phase change in the sonication product. After
of novel nanostructures. 1 h of sonication, the peaks of the hexagonal crystals almost

In this communication we present an alternative sonoelectro- dis@Ppeared, and after 3 h, the pattern showed a purely orthorhombic

chemical route for the formation of striped,Big; nanowires. The crystal structure._ . .
synthesis of BiSe; heterojunction nanowires is adapted from our Using transmission electron microscopy (TEM, ‘]EOL'_‘]EM
previous study? First, hexagonal structured fSie; precursor 200CX, 200kv) we could show that the morphology ob¥g

nanowires were produced via a sonoelectrochemical approach fromchanged from sheetiike structures into nanowires as sonication
an aqueous solution of Bi(N{}-5H,0 and freshly prepared occurred. Afte 3 h of sonication, most of the material turned into

nanowires. The diameter of the nanowires varies from 10 to
T Department of Chemistry, Nanjing University. ;
# Case Western Reserve University. 40 nm, anq the lengths of. the nanowires range from 5QO nm to
§ Department of Physics, Nanjing University. several micrometers. Besides the formation of nanowires, we
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formed of hexagonal and orthorhombic,8& along the [001] and
[211] planes, respectively. The multijunction nanowire exhibits a
characteristic ABAB superstructure. Thus, heterosuperstructures
were synthesized along the growth axis of the nanowires. The sharp
interfaces could benefit from the pulsed mode. The periodic
structure may arise from stacking faultsTemperature could be a
possible reason responsible for the formation of heterojunctfons.
Elaborated ultrasound conditions can be a strategy for higher yield.
Although the yield of multijunction nanowires is difficult to
determine £10%), the number of the multijunction nanowires was
proportional to the sonication time as well as the sonication
I intensity. This trend has been verified for several times and is well

Figure 2. (A) TEM image of a heterostructured Sie; nanowire. (B) reproducib_le. The pulsed mode was found to improve_ tht_a co_ntrol
HRTEM image of the heterojunction, the lattice spacing of phase 1 is 0.273 Over the thickness of the layers. However, too long sonication times
nm which corresponds to the [211] plane of the orthorhombic phase; the and too high intensities pose a risk of breaking the wires. Similar
lattice spacing of phase 2 is 0.354 nm, which corresponds to the [001] plane structures were found for other,B3Y! binary compounds using
of the hexagonal phase. the same approach.

In conclusion, we have successfully synthesized single- and
multiple-heterojunction nanowires with diameters of~¥D nm,
by a simple electrically assisted sonochemical method in aqueous
solution at room temperature. Such a chemical approach provides
a promising way to synthesize high-performance building blocks
for improved devices. By properly controlling the reaction condi-
tions and reactants, this method opens a new strategy toward the
fabrication of one-dimensional superlattices in nanowires under
ambient conditions.
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