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Molecular Dynamics Simulation of a Single-Walled Carbon
Nanotube Nucleation from a Catalytic Metal Cluster under
Confinement

Yoshifumi IZU*4, Junichiro SHIOMI, Yoshiteru TAKAGI, Susumu OKADA,
Shigeo MARUYAMA

MDepartment of Mechanical Engineering, The University of Tokyo,
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In this work, we have performed molecular dynamics simulations of a nucleation process of
an SWNT from a catalytic metal cluster inside a carbon nanotube template to gain understanding
in the growth mechanism. As an initial condition, a metal cluster with dissolved carbon atoms
was placed in a rigid carbon nanotube. By supplying carbon atoms to the metal-carbide,
nucleation process of the inner SWNT was observed. Once the open surface of the metal cluster
is covered with carbon atoms, the carbon feeds are adsorbed onto metal atoms adjacent to the
outer-tube wall. Then the supersaturated carbon atoms on the metal-carbide cluster surface lifts of
and the cap can be recognized together with the tubal structure. The formation of the inner SWNT
was confirmed for various metal-cluster sizes and outer-tube diameters, where the morphology
depends on the outer-tube diameter due to the curvature variation. The distance between the inner
and outer nanotubes is determined by the layered structure of the metal-carbide and is insensitive
to the outer nanotube chirality.
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Tablel Potential parameters for metal-carbon interaction

(14)

D(eV) S AUA) | RA) | RA) | R(A) b )
Ni-C 3.02 13 1.8 1.7 2.7 3.0 0.0330 -0.8
Table2 Potential parameters for metal-metal interaction'?
S AU/A) | Da(eV) | Da(eV) | Cp | Ra(A) | Ra(A) Cr Ri(A) | Ry(A)
Ni-Ni 1.3 1.55 0.74 1.423 0365 | 2.520 | 0.304 | 0.200 2.7 3.2
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Fig. 1 A typical initial condition. A tailored metal carbide

cluster is placed inside an SWNT with carbon atoms.
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Fig. 2 Growth process of an SWNT inside a (10,10)
SWNT.

Table.3 Lindemann index of the carbon structure inside
the metal carbide clusters during the nucleation process for

the case shown in Fig. 2.

Time |Lindemann index
Ons 0.056
1ns 0.034
5ns 0.034

50 ns 0.031

100 ns 0.032

190 ns 0.030
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Fig. 3 Movement of carbon atoms in the cap structure.



Fig. 4 Schematics of inner carbon nanotube formation

process.
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Fig. 6 Time histories of the number of 5, 6, and 7 membered rings are denoted with dashed, solid, and dotted lines,
respectively, in the bottom figures. In the upper figures, the ratio of carbon atoms to metal atoms and the carbon density
are denoted with dotted and solid lines, respectively. The left, middle, right figures correspond to the cases with (10,10),
(15,6), and (9,9) outer SWNTSs.
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