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Molecular Dynamics Simulation of Nucleation Process of Single-Walled
Carbon Nanotubes From a Metal Cluster on a Substrate

Yasushi SHIBUTA ™ and Shigeo MARUYAMA™

" Department of Materials Engineering, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
“ Department of Mechanical Engineering, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Nucleation process of single-walled carbon nanotubes (SWNTs) from a transition metal
cluster on a substrate is studied by using a classical molecular dynamics (MD) simulation. For
describing the effect of the substrate, averaged one-dimensional Lennard-Jones potential is
employed between the metal cluster and the bottom boundary of the simulation cell. The
parameters of the averaged one-dimensional Lennard-Jones potential describe the different
degree of wettability. Nucleation process of nanotube caps from Ni;gg, Niyss and Nisgy clusters
on a substrate are compared. Moreover, wettability of the Ni cluster and the Ni-Carbide cluster
is compared by MD simulation of annealing process on a substrate. Finally, results are
compared with the nucleation process of SWNT from a non-supported cluster for discussing of
the role of the substrate at a nucleation stage of SWNT.
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Fig. 1 Averaged 1D Lennard-Jones potential.

Table 1  Potential parameters for carbon-carbon and nickel-carbon interactions.
DgeV) | S | A1/A) | R(A) | Ri(A) | Ry(A) b ) ag co | do
c-C™ 16325 [129] 15 [1315] 17 2.0 - 0.80469 | 0.011304 | 19 | 2.5
Ni-C [ 302 | 1.3 1.8 1.70 | 2.7 3.0 |0.0330 0.8 - - |-
Table 2  Potential parameters for nickel-nickel interactions.
S | fU/A) [ Da(eV) | Da(eV) | Cp | Ra(A) | Ro(A) | Cp | Ri(A) [ R(A)
Ni-Ni" [ 13| 1.55 0.74 1423 [ 0.365] 2.520 | 0304 [ 0200 | 2.7 3.2
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Fig. 2 Structure of metal clusters on a substrate.
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Fig. 3 Initial condition of nucleation process of carbon
nanotubes.
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Fig. 4 Snapshots of precipitation process of carbon atoms from Ni,ss clusters on the substrate.
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Fig. 5 Dissolution of carbon atoms into metal cluster.
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