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1 75 AR F I 72, S8 I Ovito O mT 4L,

HIRE &3 A T IRBE AT T G S5 v SINW A
SWONT [ #Fa e . 7T X LG, B B2
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2 BT E

TR MK E N F R E N (n,n), 1£
noN13, 14, 15, 17, 18, 19, 22, 24, 25 Kk F#
A SWONT H 0 3 78 9 35 BRI [111] & 1) 4k HL
HR—EERMENRE, EXEER AL
ffaiic o [111)@(n). JLFPEEF 44 B SWONT # R
191N A, K JF 46.9766 nm, &K EHAZ KNy
A 1.7628, 1.8984, 2.034, 2.3052, 2.4408, 2.5764,
2.9832, 3.2544, 3.39 nm, SiINW f] Ji T % 3100
A, BEAN1.29 nm. 45 AT DR IE SWCNT
SINW TE R FH J #1410 5 2% A i) e 8 1R 47 Hb 3sk 7%,
WK1 R, 5 R SINWQSWCNT 24 Fl n Ay
13, 14, 15, 19, 25 TuFh kTR SWCNT A1 DL K
H EH 2 (8] A SINW AR B SR B[] B R A 4007 v Al
& 8551 3 71 53 A LAMMPS #1718 &,
TEAESh 7 TR A L 88 1 B A 2, #OR A R FE 9 &
TR/, AE=ANT7 1) bR R AP 57 A, ik
Y Tersoff 3 g % 27281 W A] KM 0.5 fs, 26K H
NPT RZR(E 100 K ff/m%ﬁ% 0.5 ns, FERANVT %
ZEM 100 K FHIRF] 6500 K, FHiE 8] 5 ns.
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Fig. 1. (color online) The model of [111]-SiNW
@SWCNT: (a) Top view; (b) graph of period bound-

ary in axial.
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Fig. 2. (color online) Top view structure of SINW:

(a) Relaxed in 100 K; (b) surface reconstruction.
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Fig. 3. Si average potential energy with temperature

in free space.
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Fig. 4. (color online) SWCNT total potential energy

with temperature.
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Fig. 5. (color online) The structure of [111]-SiNW @QSWCNT relaxed in 100 K.
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Fig. 6. (color online) Si average potential energy with
temperature in SINWQ@QSWCNT.
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Fig. 7. The thermal stability of SINW in CNT with
the diameter of CNT.
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Fig. 8. (color online) C average potential energy with
temperature in SINWQSWCNT.
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#1 SINWQSWCNT & & &5 #ud F2 1 AR5
Table 1. Thermal properties of SINW@SWCNT in heat process.

Siiki®RF| CNT E£M  SikiRF| CNT4ME  SWONT A1k

BAPKE  SINW S5 EMEE  SINW HUhE R
3)

(13,1 2300 K ¥

(14,14) 2250 K 2850 K
(15,15) 2200 K 2700 K
(19,19) 410 K 650 K
(25,25) 2100 K 2550 K

3850 K 4150 K 4750 K
3950 K 4150 K 4800 K
4000 K 4250 K 4800 K
4050 K 4500 K 5000 K
4200 K 4300 K 5100 K

3.4 IEREMERETHE

M REAN S A S R i & A2 s ows BU T CNT
J& A S 0 A5 i e, o] LA ONT A8 BE ) ek
2 S ARG TR, BIAR M & A R ok 2
PIAH B AE . B ] BN SWCNT Xf SiNW H
A7 75 =% 8] PR A B R 43 1 T80 AH B A R I 9 48 B
H W77, e LA B A mr DA HE B 2 1) PR A A
T2 v SINW ) #v & s ik 201 g 31 48 B B 4
AFTF SINW f#ifa e i, R ONT 2 BEXT SINW
M Y6 48 FCH T J0 02 — R 51y, 7E#GR B
) 3k B2 A B 1) 11k SINW Az B8 P B % T
[111]@(13), [111]@(14), [111]@(15), [111]@(17), &
[ B s A1 FE R 922 R0 37 ) AR i, (L 2 (] R £l
PER PR3, BT A8 a8 7 SINW i e e 1, Xt
F[111]@(18), [111]@(19), [111]@(22), [111]@(24),
2% (] BR il FH AR08 BL BT A7 AR AR 55, (H2 2% [A] PR
il (0 AR FH BE 5 B AR08 K FRAS R, T Y4
FLEE 7 A 5, Xt B B R T SINW 3G sE
PE. X [111]@(25), AT LA R AETE GRS B s R PR

(S T T Ad (13, 13) 43.90 ns

W | (14, 14) 44.75 ns

N
e —— -
|| |].-:;,';‘r. S ki gt Ii f (15, 15) 45.50 ns
l.- \J
e ————
b@e = i i :"L‘fll (19, 19) 46.35 ns
1! 3 —-—ll
| B W[ | (25, 25) 45.25 ns
L J

9 (MFI%() SINWQSWCNT E 41k &+ SWCNT
BitRs Bl

Fig. 9. (color online) Graph of crash of SWCNT in
SINW@SWCNT.
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WK AR IR AR B BRI 1, A7 — A E
TP 5 i o EH T B 4 K T T A K R 1 4 ] PR A
1B F A 43T T A0 ELAE F 70 51 2 e 2225 1) PR il £
JFH A 43 180 AR ELAE FH 77 #8 BU 25 K AR B ) e 4 oK
AP FAEEE M B EE ;22 e PR A A FH A 43
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T MR BRI AE ;2 RAFAE e Ase 55 00 2 1] PR A1
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EMERARIN. 5 —J71H, BAKE P RIREGIR L
SR BRI A K AR e 1. bl SRR I IR
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Thermal stability of compound stucture of silicon
nanowire encapsulated in carbon nanotubes®
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He Xiao-Jin Wu Hong-Xian Xie Quan

(Institute of New Optoelectronic Materials and Technology, College of Electronic Information, Guizhou University,
Guiyang 550025, China)
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Abstract

To guide the experiment research, the thermal stability of composite silicon nanowire encapsulated in carbon
nanotubes is investigated by computer simulation. The cubic-diamond-structured silicon nanowires with the same
diameter and [111] orientationt are filled in some armchaired single-walled carbon nanotubes. The heat process of
compound structure of silicon nanowire encapsulated in carbon nanotubes is simulated by classical molecular dynamic
method. Through the visualization and energy analysis method, the thermal stability of composite structure is studied.
The changes in the thermal stability of silicon nanowires and carbon nanotubes are explained by the relationship between
carbon nanotube space constraint and van der Waals force. It is found that the diameter of the carbon nanotubes is
closely related to the thermal stability of silicon nanowires inside. When the nanotube diameter is small, thermal stability
of silicon nanowires increases; when the nanotube diameter increases up to a certain size, the thermal stability of silicon
nanowires will suddenly drop significantly: until the distance between silicon nanowires and the wall of carbon nanotube
is greater than 1 nm, the thermal stability of silicon nanowires will be restored. On the other hand, silicon nanowires

filled into the carbon nanotubes have an effect of reducing the thermal stability of carbon nanotubes.

Keywords: molecular dynamics simulation, single-wall carbon nanotube, silicon nanowire, thermal
stability
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