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Exploration on Mechanism of Phase Transition of Pd-Au-Pt Trimetallic
Nanoparticles Confined in Single-Walled Carbon Nanotubes

Wei Hui,Wei Song,Zhu Xiaolei

(State Key Laboratory of Materials-Oriented Chemical Engineering, College of Chemical Engineering,
Nanjing Tech University , Nanjing 210009, China)

Abstract: A MD simulation method is applied to investigate the mechanism of the phase transition of ( Pd,s; Auy 4
Pty ) 15 trimetallic nanoparticle confined in armchair single-walled carbon tubes ( (n,n)-SWNTs). The total energy,
structure ,and radial density distribution are used to examine and reveal the structural characteristic of the confined
(Pdy3Aug 53 Pty 33 ) 150, during heating and cooling processes. The results demonstrate that the confined ( Pd 53 Auy 4
Pty 33 ) 152 nanoparticle has multilayer cylindrical structure ,which is different from the structure of the free nanoparticle.
The melting starts from the inner layer,but crystallization starts from the interface between metal and SWNT based on the
analyses of density distribution of the confined(Pd 3;Aug ;3 Pty3;) 1520- The structure feature for the melting transition of
the confined Pd-Au-Pt nanoparticle is revealed.
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S b, AITEAR R TSR R AR S i & AR 2 G AL TRA T il 525 AR AR ) 27
SERVETON T PR 22 0C 2 (H SR ME T 58 X 5 TR AT ST, E FR T 48 44 K P R T B A K A
Fh ) — e 2 P A SR A B, 431 8l 1% (molecular dynamics , MD ) #5 4B A DR | 3 [ 258 %) 5K B 7
AR, Fang %5 NP SR MD BB 2058 ndiad B v AL 98 K 28 78 $ T4 B0 BBERR 94 K45 (SWNTSs ) Hh il 2%
) BB EEFNEN 1 AR, AT B — AR DY IS, B N 20 AL 90K 4 AR 3 im FHE I e ik ot
MNETFE IR N BRI T2 BEIRZE I B TR BB, 58— a1 T L 0% 25 4 K 2 i)
F R TITER s ACEE R R T R R MR 0 X R S i B R 22 T SWNT Hy7E /234, Shao
FENZ FH MD BHURF ST T SZ BRAE R TR AL SWNT H Au 40K P O HH A8 R, Al ] & B, fe 2445 31
Au YK A FEAE M 5 2 R 50REEH A2 s N R TT IR 28 Sh R NZE TR | A% AR i T 0 T
AR, H B A5y, i Pd Pr A7 AT AR SC IS, Akbarzadeh 5 AU %52 BRAE AN ] R A T4 1y
SWNT i) (Pd,Pt,_), ZICH @ AARRL T AT 22 B AT MD DL, AT A A 4 9Kk 7 7E 48 4 B
SWNT HrA B i B 1, RN OR A ELAR R 5 B AR A 1 R ) 2 P O B AT S 0. A KORE 5~ RS BN 0 s
FRAIC. Y Pd R BETHE I, & AR IR, T BG & 90K R 27 - 450, HEM ZtaREark
FEFI0 Au-Pt' ) Ag—Cu' " S7EZ BRIREE T (19847 2 B AT — SE4RIE 1] Pd—Au-Pt =05 S 98K 1]
152 FRAE SWNT Hh Y ZEH4 FIARZE L H Aifak AR DLARaE. R, AR SCR T 70530 1 2 BN IR BF 5T 1 2 (R
£ SWNT i) Pd—-Au-Pt = JC4 J& 40 KR B9 4514 FUA AL WL, i 0F 9% O 4 I 1 52 S iF o B 41t 1 LAl
1 W5k

FATiz A MD BHUATSE 1 32 RTESR TR (25,25) ~SWNT ) (Pd 35 Aug 35 Pty s ) 150 — T4 S AN K ML
TR A B, TEZBRAGKRL T |3 Fh 4 Jm 2 55 LU 1, S T80 1522, 90K hL 10 & 78
TERRA PR AN A SWNT FE 4 33.90 A, SWNT 45K 22.017 nm. WSl ) R FH R I 1k 20 27 5%
PESEATEALL. Py SWNT 78 T I it 7 v 45 4 28 A6 O, By LAE AR WF 58 AR, FRAT TR SWNT i & A
' SWNT 54 )& Ml AH HAEH J1R 12—-6Lennard—Jones( L—J) # e %, HAHN A SHILE 1. &R 5&
Ja& [6) 40 B AE R H TB-SMA ( the second-moment approximation of the tight-binding ) #¢, LS H L 2.

F1 MDEBIFEXH L-] #3H

Table 1 The relevant LJ potential parameters applied in MD simulations

JEAFXF &/eV o/A E DN
C-Pd 0.034 44 3.086 5 [14-15]
C-Au 0.012 73 2.994 3 [16]
C-Pt 0.040 92 2.936 [17]

*2 MDEBAHRITESE B/ TB-SMA #5#]

Table 2 The potential parameters of TB-SMA potential for transition metals in MD simulations

M-M A/eV &/eV P q Ty
Pd-pd* 0.174 6 1.718 10.867 3.742 2.752
Au-Au* 0.206 1 1.790 10.229 4.036 2.884
Pt-pPt* 0.297 5 2.695 10.612 4.004 2.775
Pd-Au” 0.189 7 1.754 10.548 3.889 2.818
Pd-Pt® 0.227 9 2.152 10.740 3.873 2.763
Au-Pt” 0.247 6 2.196 10.421 4.02 2.830

“ETB-SMA #SHOR I T 3CHk[ 18].

hAPd—Au = (Apapalu-aa) v Apace = (ApgpaApip) v Ay = (A aApip) v sEpican = (Epapa€au-an) "2 sEpap =
(Epapabpir) v 2 auem = (Enucanrir) " sPracaa = (1/2) (Pracpa TPaw-ra) > Praee = (172) (Ppacpa +Ppim) s Pawer =
(1/2) (Pawera *Pricr) s @ra-ae = (172) (Gpgopa F Gauean ) > Qe = (172) (Gpacpa ¥ @) > Gauere = (172) (quonn *
q])l—Pl) > Topd-Au = (172) (ropacpatToru-an) sTopacre = (1/2) (FopapaFopicp) > Toruor = (1/2) (rOr\u—r\u+r0pl—P[ ).
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1.2 ns. ZRJ5, A 1 800 K ZE 18 [41% 25 300 K, T B 18] B 50 K, BsFlRI A R 3 fs. FERE— MR R R AENVT &
ZET L 40 000 25, 25 7 NVE RZE FEH 40 000 2. 7E% HI R HH AR 2019 300 K T IIZ5H7E R 2212 Tt
IRAYEC LRSS (e THE SR KRt 300 K M E 1 800 K, iR JE R FE A 50 K.

2 RV
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ZE. B 1(a) ProthC 2R, 29001 M 1 800 K [1E 2 300 K. & 1(b) Py L3 h
28, HRE B K H a9 2878 5 0T LIS BRI 55 R A 45 R 53000 928 K AT 1 092 K. b AME X se gl 2k 3471
FRER R P ERIAEE 27 1/ (K-mol) JEAEIES 37 J/(K-mol) FIEALES 7.87 kJ/mol.
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Fig. 1 The relationship between total energy and temperature for the confined ( Pd;Au, 3Pty 1) 1522
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Fig.2 The image of (Pd;;Au, 33 Pt 33 ) 15, nanoparticle confined in(25,25) -SWNT at 300K (a)and 1200K(b)
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Fig. 3 Radial density distribution for(Pd, ;3 Au 33Pty 33) 152,/ (25,25) ~SWNT during the cooling(a)and heating(b) processes
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Fig. 4 The structures of surface and subsurface layers for(Pd, ;;Au, 33 Pty 33 ) 155, confined
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(P 3y Aty s Pty ) e 24K T 7 0B 4 03k 2 o 0 55 M 25 1L 5 25 SR 56 0 T 52 B ( Py A o,
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