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A simple method to synthesize copper nanotubes in alumina
membrane using the direct electrochemical deposition technique
is presented. The method does not need a molecular anchor to
treat the membrane in synthesizing the nanotubes. The diameter
of the synthesized copper nanotubes is about 40 nm and depends
on the pore size of the alumina membrane.

1-D nanoscale structures have drawn an increasing interest
in research because of their unique thermal, electrical, magnetic,
and optical properties that can be used to build the nanoscale de-
vices.'™ Over the past few years, many methods have been de-
veloped for growing the nanoscale structures. Among those, the
template-assisted synthesis with chemical deposition is one of
the most popular techniques for the synthesis of nanoscale struc-
tures, particularly for metal and semiconductor nanowires.* Re-
cently, the method of using the electrochemical deposition inside
the alumina membrane has been widely employed in the growth
of nanoscale fibrils and wires owing to the uniform pores array
structure with each pore in a regular cylindrical shape in the
membrane.®® However, all current methods in synthesis of the
nanotubes need to use the so-called “molecular anchor”®'” to
prepare the alumina membrane. In this letter, we present the syn-
thesis of copper nanotubes in alumina membrane using a direct
eletrochemical deposition technique which does not need to em-
ploy the “molecular anchor” to treat the membrane.

The porous alumina membrane with ordered channel arrays
was prepared from high-purity (99.999%) aluminum foil in
0.3 M oxalic acid by anodization.'" A remaining aluminum layer
at the bottom of the alumina membrane was removed in 1 M
CuCl, solution. Subsequently, the pore bottoms were opened
by chemical etching in 5 wt % phosphoric acid solution. A layer
of Au was sputtered onto one side of the membrane served as an
electrode. The electrochemical method was employed to deposit
metal Cu into the pores of alumina membrane.'? The electrolyte
contained 0.2 M CuSO4-5H,0 and 0.1 M H3POy. The electrode-
position was carried out at a constant curent density (2.5 mA/
cm?) with carbonate serving as the counter electrode at room
temperature for 2h. The pH of the solution was controlled in
the range 4.5 to 5.0 by adding 0.1 M H,SOy.

The sample with the nanotubes attached in the membrane
was characterized by X-ray diffraction (XRD, MXP-18AHF)
(see Figure 1). From the Figure 1, we can see that the diffraction
peaks in the range 20° < 20 < 78° can be indexed as (111),
(200), and (220) planes of the face-centered cubic structure of
the metallic copper. The diffraction peak intensity of the (220)
plane is much higher than those of the other two peaks, which
indicates the Cu nanotubes in the alumina membrane are orient-
ed along [110] direction. Figure 2a shows the scanning electron
microscopy (FESEM, JSM-6700F) image of the Cu nanotubes
after removal of the alumina membrane. The results display a
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Figure 1. X-ray diffraction of Cu nanotubes embedded in alu-
mina membrane. The diffraction peaks could be indexed as
(111), (200), and (220) planes of face-centered cubic copper.
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Figure 2. Scaning electron microscopy images of the Cu nano-
tube arrays after dissolution of the alumina membrane. (a)
across-section image; (b) top-view image.

highly ordered arrays of the Cu nanotubes. The diameter of
the nanotubes is about 40 nm, in good agreement with the diam-
eter of the alumina membranes. Figure 2b shows a top-view
SEM image after removal of the top layer of the alumina mem-
brane, denoting the open-ends of the Cu nanotubes.
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Figure 3. Schematic representation of the approach used to
synthesize Cu nanotube arrays in alumina membrane. (a)
Cross-section of alumina membrane; (b) Au layer sputtered on
one side of the alumina membrane; (c) Cu nanotubes grown
along the pore walls.

The common approach to obtain the nanotubes in the alumi-
na membrane is to use the “molecular anchor” to treat the pore’s
walls in the membrane chemically so that the deposited metal
can stick on the walls. For example, the alumina membranes
for producing gold and nickel nanotubes were prepared by at-
taching the cyanosilane and methyl-)-diethylenetriaminopro-
pyldimethoxysilane to the pore walls inside the membranes as
the “molecular anchors,” respectively.g’lo The selection of the
“molecular anchor” usually plays an important role in synthesis
of the different metal nanotubes. However, our method in pro-
ducing the Cu nanotubes did not use any “molecular anchor.”
Instead, we controlled the thickness of the sputtered Au layer
on the membrane carefully and find that it is a key factor for syn-
thesizing the metal nanotubes. The Au layer should be thin
enough not covering the opening ends of the pores in the mem-
brane in order to produce the nanotubes. Otherwise the nano-
wires would be produced if the Au layer were too thick that it
covers all opening ends of the pores. The thickness of the Au lay-
er can be controlled accurately by controlling the sputtering
time. Once a thin Cu layer attached on the pore walls in the alu-
mina membrane, it creates a shielding to the applied electrical
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field to prevent the further deposition in the nanotubes. The pro-
cess of the nanotubes growth is illustrated in Figure 3.

In summary, we present a simple method in synthesis of Cu
nanotube arrays in alumina membrane using the direct metal
deposition technique that does not need to employ any “molecu-
lar anchor” to treat the pore’s walls in membrane. In the experi-
ments, we controlled the thickness of the Au layer that served as
an electrode accurately by controlling the sputtering time and
find that it is a key factor for obtaining the nanotubes. We expect
that this method can also be used in synthesis of the other metal
nanotube arrays.
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