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Molecular Dynamics of Nucleation Process of Single-Walled
Carbon Nanotubes in Catalytic CVD Method
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Nucleation process of single-walled carbon nanotubes (SWNTs) in the catalytic chemical
vapor deposition method is studied using molecular dynamics simulations. A nanotube cap
structure is generated when pieces of the hexagonal network structure extending from inside the
cluster merged above the metal surface. Furthermore, interaction between catalytic metals and
carbon atoms on formation process of SWNTs are studied using the home-made multi-body
potentials base on density functional theory calculations of small metal-carbon binary clusters.
The Co cluster has a partially crystal structure where metal atoms are regularly allocated and
embedded in the hexagonal carbon network. On the other hand, carbon atoms cover the entire
surface of the Fe cluster. This implies stronger interaction between the graphitic lattice and Co
atoms than Fe atoms. The difference of graphitization ability may reflect the ability as a catalyst

on the formation process of an SWNT.
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Table 1  Formulation of potential function between transition metals atoms.
S | A1/A) | Dei(eV) | Dea(eV) Cp Ra(A) | Ra(A) Cr Ri(A) | Ry(A)
Fe-Fe | 1.3 | 1.2173 | 0.4155 | 0.8392 | 0.8730 | 2.627 0 - 2.7 3.2
Co-Co | 1.3 | 1.5552 | 0.4311 | 1.0230 | 0.6413 | 2.5087 | 0.1660 | 0.3770 | 2.7 3.2
Ni-Ni 1.3 | 1.5700 | 0.4217 | 1.0144 | 0.8268 | 2.4934 | 0.1096 | 0.3734 | 2.7 3.2
Ni-Ni™ [ 1.3 ] 1.55 0.74 1423 [ 0365 | 2.520 | 0304 [ 0.200 | 2.7 [ 3.2
Table2  Formulation of potential function between a transition metal atom and carbon atoms.
DgeV) | S | AVA) | R(A) | Ri(A) | Ry(A) b )
Fe-C 3.3249 | 1.3 | 1.5284 | 1.7304 | 2.7 3.0 | 0.0656 | -0.4279
Co-C | 3.7507 | 1.3 | 1.3513 | 1.6978 | 2.7 3.0 | 0.0889 | -0.6256
Ni-C | 2.4673 | 1.3 | 1.8706 | 1.7628 | 2.7 3.0 | 0.0688 | -0.5351
Ni-C" [ 302 [13] 18 1.70 | 2.7 [ 3.0 [0.0330 | -0.8
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Fig. 1 An initial condition for CCVD simulation.
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Fig. 5 Co,03 and Fegg clusters after 100 ns calculation at
1500K.
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