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Owing to their excellent mechanical and electronic properties, carbon nanotubes (CNTSs) are
promising candidates for the integration into nanoelectromechanical systems such as
nanorelays and actuators or transistors. Effective control of the CNT growth, orientation and
positioning is still considered to be a mayor challenge within the scientific community.
Progress has been made by using catalyst thin films prepared and patterned by lithography [1]
or shadow masking [2]. Yet, such thin film techniques do not offer concurrent control of the
catalyst size with a narrow size distribution and the areal density of the catalyst particles.
Novel routes that allow for an independent control of both the diameter and the density of
catalyst nanoparticles are beginning to emerge. These approaches demonstrate that the
preparation of the catalyst material is a crucial step in carbon nanotube synthesis. A notable
work is for example the use of block-copolymer micellar thin films [3]. An alternative and
advantageous method is to prepare individual nanoparticles in the gas phase that then act as
nucleation sites for CNTs [4]. Gas phase preparation techniques allow for the production of
nanoparticles with a higher degree of purity as compared to processes where the preparation
of catalyst particles requires a series of chemical procedures (see, e.g. [3]).

In this contribution, we show that gas phase prepared catalyst particles for CNT growth allow
for independent and simultaneous control over the CNT diameter and the CNT density on
substrates. While the size of the catalyst particles can be adjusted by varying the sputtering
power, the gas pressure, and/or the gas mixture, their density is conveniently controlled by the
deposition time. Thus the whole ranges from thick multi-wall to narrow single-wall CNTs and
from individual CNTs to dense mats of CNTs become accessible. Figures 1 a-c show TEM
micrographs of (oxidized) iron particles with different mean diameters of 3 nm, 10 nm, and
18 nm as deposited on TEM “witness” grids. The corresponding TEM micrographs of CNTs
grown from these particles are shown in Figures 1 f-d. The mean outer CNT diameters have
been found to be 4 nm, 9 nm, and 17 nm, respectively. This indicates that the diameter of the
catalyst particles determines that of the resultant CNTs which is in agreement with other
studies on single wall CNTs [5]. Further, an intimate correlation between the catalyst particle
size and the number of walls in the obtained CNTSs is observed. This confirms other studies
[6] where a correlation between different catalyst film thicknesses and both the obtained
diameter and number of walls of the CNT was shown; the authors had attributed this finding
to changes in the catalyst particle size. The separate preparation of the catalyst particles and
the use of TEM *“witness” grids in our approach enables us to reveal a clear link between the
catalyst size on the one side and the CNT diameter as well as the number of walls on the other
side.

TNT2007 03-07 September, 2007 San Sebastian-Spain


mailto:f.schaeffel@ifw-dresden.de

Poster
References:

[1] J. Kong, H. T. Soh, A. M. Cassell, C. F. Quate, H. Dai, Nature 395 (1998) 878; A. J. Hart,
A. H. Slocum, J. Phys. Chem. B 110 (2006) 8250; M. S. Kabir, R. E. Morjan, O. A.
Nerushev, P. Lundgren, S. Bengtsson, P. Enoksson, E. E. B. Campbell, Nanotechnology 17
(2006) 790.

[2] L. Delzeit, C. V. Nguyen, B. Chen, R. Stevens, A. Cassell, J. Han, M. Meyyappan, J.
Phys. Chem. B 106 (2002) 5629.

[3] R. D. Bennett, A. J. Hart, R. E. Cohen, Adv. Mater. 18 (2006) 2274.

[4] F. Schaffel, C. Kramberger, M. H. Rimmeli, R. Kaltofen, D. Grimm, A. Grineis, E.
Mohn, T. Gemming, T. Pichler, B. Buchner, B. Rellinghaus, L. Schultz, phys. stat. sol. (a)
(2007), DOI 10.1002/pssa.200675339; F. Schaffel, C. Kramberger, M. H. Rummeli, D.
Grimm, E. Mohn, T. Gemming, T. Pichler, B. Rellinghaus, B. Biichner, L. Schultz, submitted
to Chem. Mater. (2007).

[5] Y. Li, W. Kim, Y. Zhang, M. Rolandi, D. Wang, H. Dai, J. Phys. Chem. B 105 (2001)
11424,

[6] T. Yamada, T. Namai, K. Hata, D. N. Futaba, K. Mizuno, J. Fan, M. Yudasaka, M.
Yumura, S. lijima, Nature Nanotechnology 1 (2006) 131.

Figures:

Figure 1: a-c) TEM micrographs of (oxidized) Fe nanoparticles deposited on TEM “witness”
grids. d-f) Corresponding TEM micrographs of CNTs grown from these particles.
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