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Molecular Dynamics of CVD Growth of Single-Walled Carbon Nanotube from a Metal

Catalyst
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The nucleation process of a single-walled carbon nanotube (SWNT) was studied using classical molecular
dynamics simulations. It is shown that carbon atoms dissolved into the cluster only at early stage of the
reaction, after which the catalytic cluster becomes rigid and the dissolved carbon atoms form polyhedron
networks inside the cluster. The polyhedron carbon structure was found to play a key role in formation of
the cap-structures. On further investigating the growth process of an SWNT, unstable carbon atoms were
observed to migrate on the cluster surface to form more stable carbon networks at the root of the SWNT.
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Fig. 1 Snapshots of carbon atoms dissolved in a cluster at (a) 5 ns
and (b) 130ns.
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Fig. 2 Change of Lindemann index of nickel carbide cluster
with increase in the number of carbon atoms.

(a) t=20ns (b) t=40 ns

Fig. 3 Snapshots during cap formation of an SWNT.
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cluster, (b) inner structure of carbon.

Fig. 4 An initial cluster, (a) shape of  Fig. 5 Inner structure of carbon
atoms at 50 ns.
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Fig. 6 Snapshots during growth process of an SWNT.

o7& A SWNT Lt s 5 2% —DEEEEN D, IRFHE
NERETOHFNBERSNE. 2oV Iab—Ta kiR L
Y SWNT ORI A AR T D RFBIR T OZFB AT ~<5 Z
& T SWNT WEFRMET D12 ODFRMBEELZ LT,
Fig.6(b)(c)lZ SWNT DIRILER 5y & MK T~ D fR SR T D IEH]
BALOET-ZRT. SWNT BET A1, 4Rk mic
HERE ENTZIRFBIR 1L SWNT ORI HBR %I EF LT
SHEFPEE SN, ZHICZ T Fig.6(b)D s TR Lz
XD 7R ITIEE OEAFAET D IRFE A D L H IR
B2l EAPBEINDRBRTHFELLL. Zo&le |
AP S NI REFR ARG S CRY, Fv o
Vo TRy Re b OREEIRBRT THDZ ENREno7k
RLZERIRRED RFBRTH SWNT ORILEIICBEIT 5 Z
E T RAF—RIZLEIL LIZb DL EZBND. REER
IRFERTF- D SWNT ORITLEG~OBENIL, v I=2lb—T=
VR UTEZOBRBTIIBETE T, 7 IR+
RIRFBRTPMHR SN ZRICBESINT. 202 b,
SWNT 37 7 A% —|ZHFEET 2EE11E, £7°, &RAEER
N BRBIFFPHEIE SN D Z & T SWNT 23pkE L, KHE
FA D03 s S T2 % IR T 0 O R &8 IR R 2
SWNT ORITILIICBETLZ L THRENMRIZI LD EHE
265,

4, ik

TS FESFS I 2 —a Tk, SWNT D4R
HIEFE & E R R R A L L2, SWNT 04 R HIETE I
BWTIE, @B 72X —NEICRFERFDPIIAEN, K
FRTDPNECEHBEEEZ R T D & Trr v I
NEREND Z & &R LTZ. SWNT O R EBRICB VT
AR AR D DIRFBIFORHE &, RETERFEF T
SWNT DIRITTERI ~DBENIL Z 5 Z & T SWNT 23 kET
LHSRNBIEEINT.

SEXH

(1) S. Iijima, T. Ichihashi, Nature, 363 (1993), 603.

(2) Y. Shibuta et al., Chem. Phys. Lett., 393 (2003), 309.

(3) D. W. Brenner, Phys. Rev. B, 42 (1990), 9458

(4) Y. Yamaguchi et al., Euro. Phys. J. D, 9 (1999), 385.

(5) F.A.Lindemann, Phys. Z., 11(1910), 609.

(6) S.K. Nayak et al., J. Phys.: Condens. Matter, 10 (1998),
10853.



