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We present a realization of carbon nanotube alignment. Surface acoustic waves are applied to a
multiwalled carbon nanotube suspension and the lateral piezoelectric field of the standing wave
aligns the carbon nanotubes with an angle of 25° to 45° on LiNbO3 with respect to the direction of
wave propagation. This angle results from a superposition of the aligning electric field and a
perpendicular fluidic flux in the carbon nanotube suspension caused by the energy transfer from the
surface acoustic wave into the liquid. On LiTaO3, the multiwalled carbon nanotubes align parallel
to the wave vector due to negligible fluidic processes. ©2004 American Institute of Physics.
[DOI: 10.1063/1.1787159]

Since a report of carbon nanotube(NT) generation in
19911 an increasing interest exists in single-walled NTs as
well as in multiwalled carbon NTs(MWNTs). They are the
subject of fundamental research2 as well as of direct indus-
trial applications3 due to their remarkable mechanical, opti-
cal, and electrical properties.4

One of the limiting restrictions for a broader industrial
utilization is the problem of controlled NT alignment. Self-
assembly processes where the NTs are grown vertically onto
a substrate material3,5 have been presented, but NT assembly
or alignment parallel to the substrate surface has only be
reported in a few special configurations.6,7 Here, we report
an approach of surface acoustic wave(SAW)-mediated
MWNT alignment parallel to the sample surface.

The MWNTs purchased were prepared at Iljin Nanotech
Co. by an arc discharge method.8 The MWNTs have a diam-
eter of 5–20 nm at a length of 0.5–5mm. First, they were
suspended in water with 1 wt % sodium-dodecylsulfate. The
suspension was subjected to ultrasonic agitation for 10 min
to disintegrate the MWNT network into MWNT bundles and
individual MWNTs which are surrounded by surfactant
shell.9 The suspension was centrifuged at 10 000g for
10 min to remove larger particles. One drop of NT suspen-
sion was placed in the cavity between the LiNbO3 substrate
(rotation 128°,Y-cut, X propagation) and a glass plate(see
Fig. 1). Interdigital transducers(IDTs) are located on the
substrate to launch a SAW with 35mm wavelength that cor-
responds to the resonance frequency of 114 MHz. The glass
plate was located above and parallel to the substrate surface
with a spacing of 20mm or less. For a time period of 30 min,
a rf signal of 30 dBm power was applied to one IDT in order
to launch a SAW with large amplitude. Finally, the sample
was rinsed in deionized water and was dried with nitrogen
gas.

In Fig. 2, atomic force microscope(AFM) images(in
tapping mode) are shown of four LiNbO3 samples with dif-
ferent MWNT concentrations. A preferential direction of NT
alignment between ±25° and ±45°[with respect to the direc-

tion of SAW propagation; indicated in Fig. 2(a)] is identifi-
able. The sign of the angle was not dependent on the MWNT
concentration. In Fig. 2(d), a symmetric alignment in posi-
tive and negative direction is visible(at higher NT concen-
trations) that leeds to a crossing of the MWNT with an angle
from 50° to 90°. These three configurations were observed
throughout the whole acoustic path of the sample, i.e., the
region that was treated by the SAW. By varying the NT
concentration in the suspension, the average separation
length can be varied efficiently(see Fig. 3). With increasing
MWNT concentration, the average separation distance of the
individual MWNTs decreases. The distribution width is
about 30% of the average separation value.

Several experiments were carried out to understand fac-
tors controlling the MWNT alignment. In order to under-
stand the role of the SAW-induced electric field in the align-
ment procedure, one sample was covered with a thin layer of
NiCr s20 nmd before the suspension was applied. The piezo-
electric field of the travelling wave is then screened by the
metallic film at the surface of the substrate and no alignment
was observed with this sample(Fig. 4).

The SAW launched on the LiNbO3 samples presented
here is a Rayleigh wave and the crystal particle movement
has longitudinal and transversal components. The transversal
component is responsible for the good fluidic functionality of
this material. On LiTaO3 (rotation 36°,Y-cut,X propagation)
a shear-wave SAW(SH-SAW) can be launched with IDTs
rather than a Rayleigh wave. A SH-SAW has only a mechani-
cal component in the plane of the crystal and is therefore less
fluidic active than a Rayleigh wave. In Fig. 5, an excellent

a)Electronic mail: jens.ebbecke@physik.uni-augsburg.de
FIG. 1. Experimental setup: One drop of NT suspension is placed in the
cavity between the LiNbO3 substrate and a glass plate.
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MWNT alignment on LiTaO3 as substrate material is pre-
sented. The sample was processed in the same way with
MWNTs and SAW treatment as described above. The SH-
SAW propagates at the substrate surface and is accomplished
by an ac electric field that leaks into the NT suspension. As a
result of these investigations, we can deduce that the parallel
component of the piezoelectric field is the driving force of
MWNT alignment and the mechanical and fluidic processes
have less of a pronounced effect.

In the following, we discuss the question why the
MWNTs on LiNbO3 align with an angle of ±25° to ±45°.
In order to investigate this effect, we carried out the same
experiments on LiNbO3 as shown in Fig. 1 with latex
spheres instead of MWNTs(see Fig. 6). The spheres had an
average diameter of 5mm and were big enough to be ob-
served by a light microscope coupled to a charge coupled
device camera during the experiment. We were able to vary
the spacing between the glass plate and the surface of the
substrate and recorded the alignment of the spheres at the
same time. If the spacing was of the order of one SAW
wavelength or less, a standing water pressure wave arose and
the spheres aligned along stripes parallel to the wave front of
the standing wave. The spacing between the lines of latex
spheres was 21mm (small period in Fig. 6) that is one-half
of the wavelength of the water pressure wave was induced by
the SAW. This water pressure wave evolves from the energy
transfer from the SAW to the liquid. Strong fluidic processes
in the suspension were observed with a pronounced compo-
nent perpendicular to the wave vector of the SAW. But in
addition to this fluidic flux, a standing wave with a period in

the order of 150mm could be seen at a particular spacing
between the glass plate and the surface of the substrate(the
hyperperiod in Fig. 6). Furthermore, it is worth mentioning
that an identical dependence of the MWNT alignment on the
existence of standing water pressure waves was experimen-
tally detected on LiNbO3.

The combination of the alignment by the electric field
and the fluidic effect seems to be the reason for the NT
alignment with an angle of 25° to 45° on LiNbO3. The po-
larizable MWNTs try to align along the electric-field vector
that has acomponent perpendicular and a component parallel
to the sample surface. MWNTs close to the sample surface
(and only there) attach to the surface at one end, and the
fluidic flux forces the MWNT to rotate clockwise(or coun-
terclockwise depending on the direction of the flux and
which end of the NT attaches first to the surface) until equi-
librium is reached. Finally, the MWNTs settle down with an
angle between 25° and 45°.

We believe that our approach of NT alignment to pro-
duce parallel arrays or crossed structures offers advantages
over current efforts like random deposition,10 and direct ma-
nipulation of individual nanowires and NTs,11 and electric
field.12–15 With random deposition or direct manipulation, it
is laborious and time consuming to obtain parallel arrays or
crossed structures for integrated nanodevices. Assembling
with the help of electric fields offers a higher throughput but
needs extensive lithography to fabricate the electrodes re-
quired for the assembly of NTs or nanowires device struc-
tures. These studies provide a general approach for NT align-
ment into parallel arrays with control of the average
separation. Therefore, SAW-mediated NT alignment repre-
sents a general strategy for the organization of nanowires and
NTs building blocks into structures needed for wiring, inter-
connections, and functional devices, and thus could enable a
bottom-up manufacturing process for future nanotechnolo-
gies.

FIG. 2. AFM images of aligned MWNTs with different concentrations of
the NT suspension. After treatment with the SAW on LiNbO3, the MWNTs
are aligned with an angle between ±25° and ±45°.

FIG. 3. Average separation length vs MWNT concentration.

FIG. 4. AFM picture of a metallized LiNbO3 sample: No alignment of the
MWNTs.

FIG. 5. AFM picture of aligned MWNTs on LiTaO3 as substrate material.
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FIG. 6. Latex spheres with an average diameter of 5mm align along lines
perpendicular to the wave vector of the SAW.
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