PATTERNED GROWTH OF HIGHLY ALIGNED CARBON NANOTUBES ON
SOL-GEL PREPARED SUBSTRATES

Zhengwei Pan, Haoguo Zhu, Zongtao Zhang, Sheng Dai*, David B. Beach
Chemical Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN 37837-6201

Douglas H. Lowndes
Solid State Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831-6056

Growth of carbon nanotubes (CNTSs) in the patterned and aligned fashion is important for many
of the proposed applications. Various techniques, such as photolithograph [1] and electron beam
evaporation through shadow mask [2], have been used to create catalyst patterns for CVD (chemical
vapor deposition) growth of patterned and aligned CNTs. However, these techniques require sophisticate
and expensive facilities and are hard to scale-up.

Sol-gel method has been successfully adopted to prepare film-like iron/silica substrates for large-
scale growth of highly aligned multi-walled carbon nanotube arrays [3-5]. Here, we report that by using
TEM grids as shadow masks the sol-gel technique can be readily used to prepare patterned substrates to
grow patterned carbon nanotube towers. The technique is briefly described as follows. A catalyst
precursor solution is prepared by magnetic stirring a mixture of tetraethoxysilane (TEOS), nonionic
triblock copolymer [Pluronic, P123(M,=5800), EO,,PO;EO,,], iron nitrate, ethanol and water. A strip of
silicon wafer coated with a thin silica layer was then dipped into the solution to coat a thin film on the
wafer surface. Before gelation of the film, copper TEM grids with various kinds of openings, including
square, hexagon, triangle, letters and numbers, were placed on the film to act as shadow masks, allowing
nanotubes to grow out only from the open holes of the grids. After gelation, the gel, together the TEM
grids, was dried overnight at 80 "C to remove the excess water and solvent, followed by calcination in a
tube furnace at 450 "C for 10 h under vacuum condition and reduction at 500 "C in hydrogen.
Subsequently, a flow of 10% acetylene in nitrogen was introduced into the reaction chamber at 650 "C,
and carbon nanotubes grew out perpendicularly from the substrate located at the open parts of the TEM
grids to form well-patterned nanotube towers. The towers are composed of highly aligned carbon
nanotubes. By using TEM grids with different configuration of openings, we have obtained beautiful

patterned nanotube towers with top view of square, hexagon, triangle, letters, numbers, etc. In
comparison with other techniques, our method is simple, low cost and easy to scale-up.

References

[1] B.Q. Wei, R. Vajtai, Y. Jung, J. Ward, R. Zhang, G. Ramanath, and P.M. Ajayan, Nature 416, 495-496 (2002).

[2] S.S. Fan, M.G. Chapline, N.R. Franklin, T.W. Tombler, A.M. Casell, and H.J. Dai, Science 283, 512-514 (1999).

[3]W.Z. Li, S.S. Xie, L.X. Qian, B.H. Chang, B.S. Zhou, W.Y. Zhou, R.A. Zhao, G. Wang, Science 274, 1701-1703
(1996).

[3] Z.W Pan, S.S. Xie, B.H.Chang, C.Y.Wang, L.Lu, W.Liu, W.Y.Zhou, W.Z Li, L.X.Qian, Nature 394, 631-632
(1998).

[5] Z.W. Pan, S.S. Xie, B.H. Chang, L.F. Sun, W.Y. Zhou, G. Wang, Chem. Phys. Lett. 299, 97-102 (1999).

* Corresponding author. E-mail: dais@ornl.cov; Tel: 865-576-7307; Fax: 865-576-5235

"The submitted manuscripthas been authored by a contractor

of the U.S. Government under contract No. DE-AC05-000R22725.
Accordingly, the U.S. Governmentretainsa nonexclusive.
royalty-free licenseto publish or reproduce the published form

of this contribution, or allow others to do so, for U.S. Government
purposes.”



