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Abstract

In this paper, we report the formation membranes of the aligned single-wall carbon nanotube (SWNT) bundles on a
substrate by self-assembly. SWNTs produced by the laser ablation method and purified by reflux and filtration were
chemically etched to short bundles by ultrasonic-assisted oxidation. After removing the acid by filtration, the processed
SWNTs were dispersed in de-ionized water. Thin film appears on the surface of a soaked glass substrate in the SWNTSs/
water dispersion with natural vaporization of water. Transmission electron microscopy measurements show that the
SWNT bundles are uniaxially aligned. © 2002 Elsevier Science B.V. All rights reserved.
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Production of macroscopically aligned nano-
tube film is one of the most effective ways to study
the intrinsic 1-D properties and anisotropic
behaviors of the nanotubes. Various methods were
already demonstrated to align the nanotubes, such
as a mechanical enforcement [1,2], applying huge
magnetic [3] or electric field [4]. However, forma-
tion of ordered carbon nanotubes by self-assembly
has not been observed. Here, we report that short
SWNT bundles can form membranes uniaxially
aligned SWNTs by self-assembly.

SWNTs used in this study were synthesized by
the laser ablation method [5]. As-grown materials
were purified by a two-step process involving first
refluxing SWNTs in H,O, then filtration [6].
Typical purified materials contained over 90%
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SWNT bundles. The bundle and individual
nanotube diameters were in the range of 10-50
and 1.3—1.5nm, respectively. The purified SWNTs
were chemically etched to short bundles using a
previously reported procedure [7]. The nanotubes
were dispersed in a 3:1 mixture of concentrated
sulfuric and nitric acids and sonicated for 24h.
After 10 times diluted, the acids mixture filtered
through a membrane with 0.2 pm pore then rinsed
with water. Retrieved, etched SWNTs were dried
at 200°C under the vacuum condition for §h.
Electron microscopy studies showed that samples
etched for 24h are still in the form of small
bundles with the average bundle length of 0.5 um
and bundle diameter of 10 nm.

When a clean glass slide was immersed into the
stable SWNT/water suspension, nanotubes were
found to assemble on the glass at the air/liquid/
substrate triple line. The coverage area increased
to continue a SWNT film as the triple line
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Fig. 1. (A) A self-assembled SWNT film on a glass substrate.
The dark spots are micro-pores on the film surface. (B) Free-
standing SWNT membranes floating on water surface. (C)
TEM image of a thin SWNT film comprising 0.5 um length
bundles. The film is only a few bundles thick and was partially
torn when picked up by the TEM grid. The dark particles are
the residual metal catalysts.

progressed downward with natural evaporation of
water. The film thus formed has a smooth surface
and is uniform in thickness (Fig. 1A). By increas-
ing the concentration of the SWNT /water suspen-
sion, thick SWNT films can be formed, which can

be subsequently peeled off by stirring the glass in
water. The peeled-off films were usually torn into
smaller pieces (~3 x 5mm) of free-standing and
rectangular-shaped membranes that can float on
the water surface (Fig. 1B). Transmission electron
microscopy (TEM) examinations showed, surpris-
ingly, that the SWNT bundles were uniaxially
aligned in the direction of the air/water/substrate
triple line (Fig. 1C) over a large area. The degree
of alignment depended on the aspect ratio of the
SWNTs and the concentration of the suspension.
The best result was obtained from short SWNT
bundles (~ 0.5 pm average length) and a 0.2 mg/ml
SWNT/water suspension (Fig. 1C).

The ability of carbon nanotubes to self-assemble
into ordered higher-level architectures as de-
monstrated in this communication opens new
opportunities for materials fabrication and for
investigation of their macroscopic properties.
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