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Molecular dynamics simulations of formation process of single-walled carbon

nanotubes

googo+ o0
Shigeo Maruyama* and Yasushi Shibuta

Formation process of single-walled carbon nanotubes] SWNTSO by the catalytic chemica vapor deposition method is studied
by molecular dynamics ssimulations. The random deposition process of carbon atoms to a nano-scale metal catalyst is realized
with the multi-body potentials based on density functiona theory calculations of small metal-carbon and metal-metal clusters.
A nanotube cap structure is generated when pieces of the hexagonal network structure emerges from the metal-carbon
binary cluster and then coalesces. Furthermore, the tendency of graphitization of carbon atoms is compared for Ni, Co, Fe
metal clusters. The Co cluster has a pseudo 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, hence higher graphitization ability. Finally, the mechanism
of chirality determination by the stability of nanotube cap structure is discussed in order to explain the recent experimental
finding that the near-armchair nanotubes are more dominantly produced for small diameter nanotubes.
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(b) Image of SWNT growth from the catalyst.

(¢) SEM image of the vertically aligned SWNTs.

Fig.1 Direct Synthesis of SWNTs on quartz substratestsC.
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Table1l Potential parameters between transition metal atoms.

S B UAD | DR evO| DEevO| G R AD | REAO Cr RJAD | RIAD
Fe-Fe 13 12173 | 04155 | 0.8392 | 0.8730 | 2.627 0 0 2.7 32
Co-Co 13 15552 | 04311 | 1.0230 | 0.6413 | 25087 | 0.1660 | 0.3770 2.7 32
Ni-Ni 13 15700 | 04217 | 1.0144 | 0.8268 | 2.4934 | 0.1096 | 0.3734 2.7 32
Ni-Ni®7| 1.3 1.55 0.74 1423 | 0.365 2520 | 0304 | 0.200 2.7 32
Table2 Potential parameters between metal and carbon atoms.
OJ eV S BVAD| RIAD | RAAD | RIAD b 5
FeC | 33249 13 15284 | 1.7304 27 3.0 0.0656 | 010.42790
Co-C | 3.7507 13 1.3513 | 1.6978 2.7 3.0 0.0889 | 10.6256(]
Ni-C | 2.4673 13 1.8706 | 1.7628 2.7 3.0 0.0688 | 00.5351(]
Ni-C#™| 3.02 1.3 18 1.70 2.7 3.0 0.0330 |00.8
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