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Molecular Dynamicsin Formation Process of
Single-Walled Carbon Nanotubes
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The formation mechanism of single-walled carbon nanotubes (SWNTs) was studied with the
molecular dynamics simulation. Starting from randomly distributed carbon and nickel atoms, random
cage structures of carbon atoms with a few nickel atoms were obtained after 6 ns simulation. Nickel
atoms on the random cage prohibited the complete closure and anneal of the cage structure into the
fullerene structure. In the next stage the simulation cell size was artificially shrunk for realization of
proceeding collisions of precursor clusters within the computational time limit. Collisions of such
imperfect random-cage clusters lead to an elongated tubular cage structure, which could be regarded
as an imperfect SWNTSs. Furthermore, we compared simulation results with the FT-ICR mass spectra
of the positive clusters generated by the laser-vaporization supersonic-expansion cluster beam source.
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Fig. 1 A snapshot of clustering process at 6 ns.

Table 1 Potential parameters for carbon-carbon and Ni-C interactions.

DfeV) | S | pWA) | R(A) | R(A) | R(A) 5 a e | do b
C-C 6.325 | 1.29 15 1.315 1.7 2.0 0.80469 | 0.011304 | 19 | 25 -
Ni-C 3.02 1.3 1.8 1.7 2.7 3.0 -0.8 - - - 0.0330

Table 2 Potential parameters for Ni-Ni interactions.
S | BWA) | Du(eV) [ De(eV) | Co | Ra(A) | Re(®) | G | R(A) | R(A)
Ni-Ni | 1.3 155 0.74 1423 | 0.365 | 2520 0.304 | 0.200 27 3.2
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Table 3 Conditions of shrinking process.
Max shrink rate (per time step) | Temperature
1 6x 10" A 3000 K
2 6x 10" A 2000 K
3 6x 10° A 2000 K
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Fig. 2 Annealing of NiCqg.
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Fig. 3 Structures of the particles with conditions 1 & 2.
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Fig. 5 Annealing of imperfect tube with the condition 2.
(All carbon atoms with three-coordination are not shown.)



Fig. 6 Growth process of atubular structure by successive collisions of imperfect cage clusters.
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Fig. 8 Mass spectra of positive ions by FT-ICR.
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