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Study on the Phase Transitions of Gold Nanoparticles Confined in Single-Walled

Carbon Nanotubes Based on Molecular Dynamics Simulation

Wei Song, Yu Youquan,Zhu Xiaolei
(State Key Laboratory of Materials-Oriented Chemical Engineering, College of Chemical Engineering, Nanjing Tech University,Nanjing 210009, China)

Abstract: The preparation and properties of metal-supported catalysts have been topics in the field of catalysis during
recent years. In current work, molecular dynamics ( MD ) simulation is applied to investigate the structure and phase
transitions of the gold nanoparticles confined in armchair single-walled carbon nanotubes( (n,n)-SWNTs) during heating
and cooling processes. The results indicate that at room temperature ,the confined gold nanoparticles adopt two different
types of cylindrical multishell structures. Based on MD simulations, an interesting phenomenon is observed, that is,when
the size of the confined gold nanoparticles increases,the melting points of gold nanoparticles decrease gradually. For the
confined gold nanoparticles, the order-disorder transformation of atoms of each layer is an essential structure characteristic
of the melting transition.
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Fig.2 Temperature dependence of total energy for various types of gold nanoparticles
K3 KB TR Au 99K R TR 3G K, Z R 1120
SR TIE ARG H. IR 3 IR LI 1100 F * Au(fkZ1)
UL 75 3¢ 1 0 18 A e R R R A 2 £ 4 57 L 1080F * AuhRD)
AR Y KR T 19 RO B SWNT 42 134 i _j}fg 1060 -
HE RN, 52 BT 00 46 0 KORL - I J 02 T AR L Losor
AT AR RE. L Ab, 52 WA P T 1Y 4 90K T K o~
SURART R R4 (1 336 K) , i 2 i T2 R 5 10 15 20 25 30 35 40
. . 1k S ; s \,/é °
1 SWNTs LA (G4 HE 45 44 Rk 1 6 T B 5 EAVRLTHOFIEIA
- N % ﬁ N 44 S e A \Iﬁ‘ 4 g S

. BB ENTERE
N R vE SE g0 s
j{] T ﬁf ﬂﬂ%ﬂ'\‘ E ﬂ‘ i ﬂ] IE% {mﬂ *I EF‘ SWNTs XT Fig.3 Melting temperatures of the confined gold nanoparticles

/i\éli] }Ié*j?‘ E/‘J glj:': *ég ?ﬁ l]['ﬁ‘] &ié BE% éﬂﬂﬁ*ﬁ% E/‘J %4'\5\ /Q as a function of the outermost radius of gold nanoparticles
5w B BLGE , FAT0HT 1A R T AT T Rl J7

I6] (R < R RORE T AR 1) B BE A0 A AN 4 iz 23RN (300 KT 800 K) , Z FRIK & 2235( Au) -26 £
W7 AN X ERBIBR TiIRANZ0 1 RNRLSN, 0 6 24 B9 R RARMERIZE Y. R, % T 265 2
(2633 ( Au)=28) 1 7 AW, LI 2 IR T AFAE 7 J2AT e (0189 ) SRR 25 ) 5 17 L, s BB AR e gl 2oy LA
FHEEANARE , 1 13 B Ui B AR 2 R A RS . MAIET 4(b) F1 4 (d) AT LAFE Y, BB IR ) T sy, dmeHh )2 i i
TP AR AU o o ELSERBE, ELIEAS b P J2 9 A ARG, 3k 3R I 2 3 8 1) T s, I AR RO B 2 0 T N
JZ NGB ERISNZ. 3 — I, ARk T RST (JEE0) BE SWNT B A% 88 0 35 K, e N =
AN AL T AR B SWNT, 1XAE SWNT X £z P92 4 44 KM 1) 52 BRAE P 2 R B 55 R, 5 4
AN ALY RSBl SWNT A2 HYBE AT 8E I, 32 BRN B 9Kk 7 A0 s B F . A 4(b) AT 4(d)
R RR G R 4 % 23 2T LA, A2 BR 4 0 KR T~ R 7R A0 5, 7E B 9K KL 15 SWNT B 301 S
UEATSRA % BE W SX U ITE SWNT VRIS , 32 BRAG AR F 10 AR S TSR AETE “ J2 0" L. [RIAE  7E
RIS L (K 4(a) Ml 4(e) ) P BANZ R B SR, X RIS ROIOT I TROMNZ. X —HR 5%
B AE 922 41 B8 i) 4 G AR B 5 45 SRAR — 8

— 68 —



BN, A S PRAE BERRAOKAT h G 9 KL AR AL (19 703 1 A MU 7S

— 300K — 300K
120 ---- 800K 120 ----800K
............. 1 200 K 1 200 K
g 100 1500 K g 100F 1500 K
g E
g g
< <
E S
2 =
% &
A
(a) Pl 72 (b) Fh i
— 300K — 300K
80 ---- 800K 80 ---- 800K
z 7
g E
g g
< <
S S
& &
A N
(c) BRI 7 (d) Fhiltid A

(a) il (b) FRARFEAL 1(2235(Au) =26) 5 () il (d) {RARAM 2(2633( Au) -28)
H4 FWHRRRRZRAREEBABNRETRANEATENHE
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