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Molecular Dynamics of Dissociation Process of Silicon Clusters
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Dissociation process of small silicon clusters was studies by classical Molecular Dynamics method, and was compared
with the experimentally known size-dependent fragment patterns. We studied the direct smulation of dissociation process of
Si, (6sn<11) using Tersoff and Gong potential models. Tersoff Si(B) model could roughly describe fragment patterns while
Gong model was not satisfying. We tried simple predictions of fragment patterns with cluster binding energy and with a model
similar to RRK. The effect of dynamic process of dissociation was observed for the limited cases.
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Fig. 1 Energetically stable geometries.
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Fig. 2 Binding energy and dissociation temperature.



Initial 600ps 651.5ps 652ps
é& Sig

- [x10"]
< 4
(<)) =
é 3000 o
s 1 2
g ©
2 2000 )
: P g
= ()
£ 1000 1"
o %)
05' 0 0 E
-§ i U | ! =

_apoL Total Internal Energy !—J E=U-D
S \ D_Y J
) i N
> —42t
2 L
L% _aal ,‘,M ™ Potential Energy

_46- | 1 1 1 1 DllmCIaltEd

0 200 400 600
Time (ps)

Fig. 3 Dissociation process of Si;y.  Notethe level of rotational
temperature fluctuated around the vibrational temperature due to
much less number of freedom.

gdobooooooooobooooooooooobooo
gooooooooa

00000000000 SiyTersoff S(B))D 000000
0000o0DoOo0ooooooooond Fg3000Mmaoo
000000000 40ps, 100ps, 220psO0 0000 OO0DO OO
Jdodddooododoboooooooooooooboon
Jdodddooododoboooooooooooooboon
gdobooooooooobooooooooooobooo
gdobooooooooobooooooooooobooo
Jdodddooododoboooooooooooooboon
00 si,0 Sg0 1,2000000000000000000
0000D0D0D0o0DoDOdoooooooog siz(esns1n00O
OO0 1ooo0ooooooooooooboooboo0oooooao
O000Fg40000D000O0O0DOODOODOODODODOOO
0000000000 00O0D0OO0O0o0YoooDoooDoo
Tersoff SB)U OO 0O 0OOSs —» Sis + Siy, Siy - Sig + Siy,

Teasoff SB) DO OOOOCOOCOOCOOODOOOOODODOOO
gboboboobobooboobobobobooooomb O
goboooooboobobobooboooboobooobooo
goboooooboobobobooboooboobooobooo
Fig.40000O S 00000000D0O0ODODODOOS,0000
00000 Tesoff O MPAOOODODOOOOOOO (Fig.2) O
goooooboooboOoO s;boooooMbooonood
gooobooobooobgoo
gboboooooboboboboobooboborrRK OO
gooooboooboobobobooboobooboobooboo
gbobobooboooooboboboobooooo unb
0D0000 pOO00O000D0O0O00O000O D,O00O0O00Fig.3
00000000 abd00OO0OOCOOOODODOOO

_ s-1 s-1

Yo =(U-D,)"/U-D,)
gbodstbobooooboobobobobooboo™oobo
gooodo s,00 s,0Doooooano

Pnﬂx:(un_Dnax)s_1/Z(Un_Dnﬂi)Sl
i
goboboboboob u,00o0booooboobobooboon
0oobp, 000000000 Siy, Sn000000000
gooooboooboobobobooboobooboobooboo
000000000 (Fe5001I0EIDODODO0NO
goboooooboobobooboboboobooobooo
gobooooobooooboobooboboobobbo
goooobooobobobobooboobooboobooboo
goooobanob
4. 00 0O0000O0OO0OO0OOObOObOOobOobOoOOond
goboobooboobooboboobooobooo
aTesoff SB)OOOOOOOOOOOOOOOOOOOOO
gobooooboobooobbotdbcongODoooooog
gooobooboobgooo
b. 0OO00OOO0ODODOOOOOODOOOODOOOODOOO
gooooboooboobobobooboobooboobooboo
gooooad
0000 ()00 0300035000000 (1998), 947.
(2) Zhang, Q., O 40 O J. Chem. Phys., 88 (1988), 1670.
(3) Bloomfield, L., O 20 O Phys. Rev. Lett., 54 (1985), 2246.
(4) Jarrold, M. & Bower, J., J. Phys. Chem., 92 (1988), 5702.

(5) Raghavachari, K. & Rohlfing, C., J. Chem. Phys., 89 (1988),
2219.

(6) 00 & OOODO 120000000 (1999), 133.

(7) Tersoff, J., Phys. Rev. B, 38 (1988), 9902.

(8) Gong, X., Phys. Rev. B, 47 (1993), 2329.

(9) Jarrold, M., CLUSTER IONS, WILEY (1993), 165.

@

S - SetS,0000000000000000000
gbobobooboooooboboboboobooboon

T T T T T T T T T T T T T T T

0000000000 S Se00000O0oOooooDo
gooooooooD GongDODOOOOOOOOO0ODO

I] Sis ] Exp. (cID) Sls | Tersoff si(B)
o H
I Tersoff Si(B) |:|Prediction (RRK)
Siy I] Siz| J Prediction
J I] I Gong il (Binding Energy)

000 s, - Sy +S;,000000000000000
goooo
oboboooobooboboboobobooooobooDo

J] Sig “ Sig

000000000 Ooooooo®osS, - Sy+Sy,00
000000S,00000000E0000000O0

000000000 E, ,=E+E,0000000000
s,000000000 Si,..0000

EENE: L as
I] |Si10 I] Sis

P ={exp(-E, KT} /{z ep(-E, . /kBTn)} @

000000000 O00D0O000 TesoffSB)D OO DO

Siyq]

1

L1 | 0.

1 1 1 1 1 1 1 1 1 1

oooooooDooOo0 (g2 0OOoOO0 1T,0000 L
000000000 1000000000000moo00 3
000000000000 e 500000000000

4

Fig. 4 Fragment patterns.
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Fig. 5 Prediction of fragment patterns.



