JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by The Libraries of the | University of North Dakota

Communication

Fabrication of Nanocables by Electrochemical
Deposition Inside Metal Nanotubes
Jie-Ren Ku, Ruxandra Vidu, Raisa Talroze, and Pieter Stroeve
J. Am. Chem. Soc., 2004, 126 (46), 15022-15023+ DOI: 10.1021/ja0450657 « Publication Date (Web): 30 October 2004
Downloaded from http://pubs.acs.org on April 5, 2009

¥

Radial

Electroless .
deposition I

Nanoporous
P Au nanhotube membrane

PCTE membrane

Dissolve il
% | PCTE membrane

Au-Te nanocables Au-Te nanocable membrane

<
uociysodep %

|e21WaY201}09|8 MO|S

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 4 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0450657

JIAIC[S

COMMUNICATIONS

Published on Web 10/30/2004

Fabrication of Nanocables by Electrochemical Deposition Inside Metal
Nanotubes

Jie-Ren Ku, Ruxandra Vidu, Raisa Talroze, and Pieter Stroeve*
Department of Chemical Engineering and Materials Sciencepéisity of California, Dais, One Shields Zenue,
Davis, California 95616

Received August 16, 2004; E-mail: pstroeve@ucdavis.edu

Nanocables or composite one-dimensional nanostructures with  (a) (b) (©)
radial heterostructures have been studied for coaxially gated field- Electroless Slow electrechemical ] D |:| I:
effect transistofsand biosensor3 A valuable strategy to create I I I Ide = Il“ll d-%’e e -
one-dimensional nanostructures is electrochemical deposition. Using Nanoporous Au nanctube ;',Zf'j,'. Au-Te nanocable
electrochemical methods, nanocables and nanowires can be obtained PCTE membrane membrane membrane
by coaingone ace of e membrane porewith  metal fim,which 7047 L, [ecain % 9 0 tarcreous B menvrers,
acts as awor.klng eIectrode for further deposmpn. The nanocables Te nanocable membrane obtained after slow electrochgmical cieposition
and composite nanowiresre obtained by axial growth of the o Te.
deposited materials within the nanopores of the membrane (i.e.,
perpendicular to the metal film).

We report a novel route for fabricating AU'e nanocables, with
a radial metatsemiconductor heterostructure, by a slow elec-
trodeposition process in which the Te semiconddgjoows radially
inside the nanotubes. We can create nanocables by using a metal
nanotube membrane as the working electrode instead of using a
metal-coating film on one face of the template. Electroless plating
can be used to plate nonconductive surfaces of membrane pores
and make them conductive for further electrochemical applications.
In the case of a slow deposition rate, electroless deposition has
been used to fabricate 1-D nanostructfirgside nanoporous
membranes. The deposit has a radial growth inside the membrane
nanopores when the deposition rate is slow. If the electrochemical Figure 2. TEM image of single At-Te nanocable with EDX spectrum
deposition is fast, blockage at the mouths of the pores will occur (inset). The spectrum shows the presence of Au and Te. Copper peaks are
and the tubules cannot develop inside the surface of the pores ina contribution from the TEM grid. The bar size is 200 nm.
the membrant_a%Subse_quently, we can electroghe_mlcally deposit deposited on the walls of the pores to form Au nanotubes, following
and grow radially additional materials on the inside walls of thg the procedure reported by Martin etAlAfter electroless Au
metal nanotubes to form nanocables. Figure 1 presents the fabr'cableposition, the hydraulic pore size of the membrane was further

tion steps used in our work to obtain A'e nanocables. Using o ced to about 38 nm. Subsequently, the Au nanotube membranes
nanoporous polycarbonate tract-etched (PCTE) membrane as th§yere ysed as a secondary template to electrochemically deposit Te
template, Au nanotubes were initially obtained by electroless o the surfaces of the Au nanotubes. The electrochemical cell
deposition inside the nanopores of the PCTE membrane (Figure qonsisted of the Au nanotube membrane as the working electrodes,
1a,b). Then, using the Au nanotube membrane as a second templatg; pt wire as the counter electrodes, and Ag/AgCl/(3 M NaCl) as
Te was deposited on the surfaces of the Au nanotubes by slowhe reference electrode. The electrolyte solutions used for electro-
electrochemical deposition, taking advantage of underpotential ;hemical deposition contained Te@®.1 mM) and CdS@(1 mM)
deposition (UPD). The deposition rate was slow compared to that j, an H,SO, (50 mM) solution. The reason cadmium was introduced
of the axial mass transfer to grow nanocables coaxially within the jnto the electrolyte was to lower the deposition rate of Te. Cyclic
Au nanotubes (Figure 1b,c). voltammetry studies have shown that the bulk deposition of Te is
The term UPD refers to the deposition of a metal on a foreign affected by the presence of Cd ions in the solutibfihe potential
metal substrate at potentials more positive than that of the of the slow electrochemical deposition wa$2 mV versus Ag/
thermodynamic reversible potential (Nernst potentialhe UPD AgCl, and the electrochemical reaction took place for 14 h. After
mechanisms of Te and Cd electrochemical atomic layer epitaxy the synthesis of nanocables, dichloromethane was used to dissolve
(ECALE) have been studied by Stickney et®alhe ECALE the polycarbonate polymer and free the-Ale nanocables from
approach to layer-by-layer deposition of CdS, InAs, CdTe, PbSe, the PCTE membranes. Potassium iodide etchant was used to remove
and InSe; has been investigatédhe fabrication method presented ~ Au from the Au-Te nanocables to leave Te nanowires. Transmis-
here for nanocables opens new opportunities to fabricate nano-sion electron microscopy (TEM) images of the nanocables were
devices, such as nanoscale transistors and biosensors. taken using a Philips-CM12 at 100 kV equipped with energy-
We used commercial PCTE membranes (Poretics, Inc.), with an dispersive X-ray (EDX) spectroscopy for chemical analysis.
average hydraulic pore diameter of about 105 nm, a pore density Figure 2 shows a typical TEM image of a Ale nanocable
of 6 porestm?, and a thickness of 6m in all of the experiments. obtained after the PCTE membrane is dissolved with dichlo-
Using the PCTE membranes as the templates, electroless Au wasomethane (see the Supporting Information). The nanocable cor-
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Figure 3. TEM image of the end of a Te nanowire partially covered by a
Au nanotube (dark region) after dissolution of most of the Au from a-Au

In summary, we have demonstrated a novel method of fabrication
of Au—Te nanocables by slow electrochemical deposition within
the UPD region of Cd. This technique provides a novel approach
to deposit and grow radially additional materials on the inside walls
of the metal nanotubes to form nanocables. Using hanoporous PCTE
membrane as the template, Au nanotubes were initially obtained
by electroless deposition. Then, using the Au nanotube membrane
as a second template, Te was electrochemically deposited on the
surfaces of the Au nanotubes. Because the rate of the electrochemi-
cal reaction is controlling, the mass transfer of Te ions into the Au
nanotubes is very fast, leading to a radial growth of Te on the inside
of the nanotubes. The AtiTe nanocables are Au(sheliJe(core)
nanocables and have radial dimensions consistent with those of the
starting templates.

Acknowledgment. We acknowledge the support of a Summer
Research Fellowship to J. R. K., awarded by the Office of Graduate
Studies at UC-Davis. We thank Mr. J. Ye at UC-Davis for assisting

Te nanocable. The insets show the EDX spectra taken at the spots (indicatedvith the TEM characterization.

by the arrows). Copper peaks are a contribution from the TEM grid.The
bar size is 200 nm.

responds closely to the pore diameter. Figure 2 shows a single
Au—Te nanocable with an average diameter of about 103 nm and
a length of several micrometers. Energy-dispersive X-ray analysis
(Figure 2 inset) of the single AtiTe nanocable confirms that the
nanocable contains Au and Te. The copper peaks are from the TEM
copper support grid. Figure 3 shows a TEM image of a single Te
nanocable after treatment with potassium iodide etchant to remove
most of the gold. The end of the nanocable is still partially covered
by Au. The diameter of the Te nanowire40 nm, obtained from

the TEM image) is close to the inner diameter of the Au nanotube
(~38 nm, i.e., the hydraulic pore size of the membrane after
electroless Au deposition). The EDX analyses (Figure 3 inset)
performed at the two locations marked on Figure 3 confirm that
the brighter area of the nanowire consists of Te, and the darker
area consists of both Te and Au. The results in Figures 2 and 3

demonstrate that Te nanowires can be grown inside Au nanotubes

to form Au(shell-Te(core) nanocables.
It is important to mention the absence of Cd in the composition

of the nanostructures created by this method. When the electrolyte

solution contained only Te ions and all of the other deposition
conditions were kept the same (Te ion concentration, potential, and
time), the Au-Te nanocables were short250 nm, not shown

here). These results and our experiments with surface plasmon
resonance (SPR) spectroscopy (not shown here) show that the

deposition rate of Te on gold in the absence of Od faster than
it is in the presence of Cd. The reason for a slower Te deposition
rate on gold in the presence of Cd ions into electrolyte is not yet

clear. Two possible explanations can be proposed. First, due to the

competition between the two ions (Te and Cd), bulk deposition of
Te is slowed to low rates in the underpotential region of'€d.
Second, Cd may modify the natural growth mode of Te without a
significant level of Cd incorporatiot. This process is similar to
that observed in a vacuum during the growth of an epitaxy layer,
where surface-modifying species are added into the system to
smooth the filmt?

Supporting Information Available: Background, additional results,
and applications. This material is available free of charge via the Internet
at http://pubs.acs.org.
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