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Antimony junction nanowire arrays were fabricated in the
anodic alumina membranes using the pulsed electrodeposition
technique for the first time. The etching period in phosphoric
acid controls the diameter and the length of each segment of
nanowires. The repeating times of etching and electrodeposition
control the number of junction.

In the past few years, one-dimensional (1D) nanostructured
materials have attracted great interest because of their unique
properties and potential technological applications.1,2 Many
methods, such as laser ablation, CVD, and hydrothermal meth-
od, have been developed to fabricate nanowires and other nano-
structured materials.3–5 Among them the anodic alumina mem-
brane (AAM)-based synthetic methods have been proved to be
very effective routes to fabricate 1D metal and semiconductor
nanowires and nanotubes.6–8 It is worthy to note that nanowires
with different morphologies were also fabricated by designing
the special pore morphology of the AAM. Lee et al. have fabri-
cated linearly joined carbon nanotubes longer than 60 nm and
smaller than 30 nm in diameters in AAM.9 Gao et al. and Li
et al. have fabricated Y-junction Cu nanowires and carbon nano-
tubes in AAM.10,11 Recently, Li et al. has successfully fabricated
tapering Bi nanowires in AAM by simply changing the pulsed
parameters.12

Antimony (Sb) is an important element in both fundamental
research and practical application. For example, Sb is an impor-
tant component in forming III-V Sb-based semiconductor mate-
rials which are valuable in electronics and optoelectronics as
well as in forming thermoelectric materials.13 Amorphous and
polycrystalline Sb nanowires have been prepared in AAMs using
the vapor-phase deposition technique and their transport proper-
ties have been also studied.14,15 Single-crystalline Sb nanowire
arrays have been prepared by pulsed electrodeposition in AAMs
in our group.16 In this letter, we present a versatile method to fab-
ricate Sb junction nanowires by pulsed electrodeposition in the
AAM for the first time.

The ordered porous AAM with the pore size of 60 nm was
prepared using a two-step anodic anodization process as describ-
ed previously.17 A layer of Au film was sputtered onto one side
of the AAM to serve as the cathode electrode. The pulsed elec-
trochemical deposition was carried out at �1:1V in a common
two-electrode plating cell with a graphite rod as the counter elec-
trode. The pulse time was 400ms and the delayed time between
the two pulse times was 800ms. During the negative pulse time,
the Sb was electrodeposited into the nanopores of AAM.
Detailed process of pulsed electrodeposition is shown in Ref. 16.

Figure 1 schematically illustrates the procedure for the fab-
rication of Sb junction nanowire array in AAM. Firstly, Sb nano-
wires with the diameter corresponding to the pore size of the
AAMwere electrodeposited into the nanopores of the AAMwith

proper depositing time. Secondly, the AAM was floated on the
top of H3PO4 (5wt%) solution with the top surface of the
AAM facing the solution (30 �C, 30min). Finally, the AAM
was carefully rinsed with deionized water for several times
and then electrodeposited to obtain the final Sb junction nano-
wires.

Figure 2 shows the X-ray diffraction (XRD, Philips PW
1700x) pattern of Sb junction nanowire arrays. From the pattern,
one can see that there is only one diffraction peak, corresponding
to (110) plane of bulk hexagonal Sb, indicating that the Sb junc-
tion nanowire arrays are highly oriented along the [11�220] crystal
direction.

Figure 3 shows the typical transmission electron microscopy
(TEM, JEOL JEM-210CX) image of individual Sb nanowire
after complete etching of the AAM in NaOH solution. It can
be seen that the Sb nanowire consists of three segments with dif-
ferent diameters: (1) nanowire with the diameter corresponding
to the pore size (60 nm) of AAM, (2) nanowire with relative
large diameter of 75 nm, and (3) nanowire with the maximum
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Figure 1. Schematic diagram of fabrication of Sb junction
nanowire array in the anodic alumina membrane (AAM). (a)
Sputtering deposition of Au film on the bottom of AAM, (b)
electrodeposition of Sb into the nanopores of the AAM, (c) float-
ing the AAM on the top of the H3PO4 solution to etch the nano-
pores, (d) electrodeposition of Sb into the etched nanopores, and
(e) removal of the AAM to obtain free-standing nanowires.

1274 Chemistry Letters Vol.34, No.9 (2005)

Copyright � 2005 The Chemical Society of Japan



diameter of 90 nm. The corresponding selected area electron
diffraction (SAED) patterns show that the nanowire is single-
crystalline.

From the fabrication process of Sb junction nanowires, one
can see that the etching period and the repeating etching times
are two key factors. As shown in Figure 1c, after the AAM with
Sb nanowires was floated on the top of H3PO4 solution, the up-
per pore (empty nanopores) of the AAM was quickly etched and
enlarged. The bottom part (filled nanowires) of the AAM was
slowly etched due to the relative close interface between the
Sb nanowire and the pore wall of AAM, and the etching depth
increased with increasing the etching period. When the etched

AAM was electrodeposited again, the Sb three-junction nano-
wires were fabricated (Figure 1d). Therefore, from the technical
viewpoint, we can obtain junction nanowires by circular
etching and electrodepositing in AAM. In addition, it is easy
to understand that the etching period controlled the diameter
and length of each segment of nanowires, namely, the length
and diameter of each segment increases with increasing the
corresponding etching time.

In conclusion, we have successfully fabricated Sb junction
nanowire arrays in AAM by simply etching AAM in phosphoric
acid solution using pulsed electrodeposition technique. We
expect that this method can be used to fabricate other metal
junction nanowire arrays in AAM and applied to circuits in the
future nanodevices.
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Figure 3. TEM image and the corresponding SAED pattern of
individual Sb junction nanowire.

Figure 2. XRD pattern of the Sb junction nanowire array.
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