Chinese Physical Society
ME*E Acta Physica Sinica

€D Institute of Physics, CAS

HETI1REEEH Au-Cu-Pt = T A S MAKK FHIFR LR
B E GMEK FREEI BRAESS XA

Stable structure optimization of Au-Cu-Pt trimetallic nanoparticles based on genetic algorithm
Li Tie-dun Sun Yue Zheng Ji-Wen Shao Gui-Fang Liu Tun-Dong
5| F{% K Citation: Acta Physica Sinica, 64, 153601 (2015) DOI: 10.7498/aps.64.153601

7 £ )13 View online:  http://dx.doi.org/10.7498/aps.64.153601
2114 25 View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/115

AT RERH B B S &
Articles you may be interested in

R T Au-Pd 99K & Bkl 1 8RS E S5 M AL
Investigation on stable structures of Au-Pd alloy nanoparticles with high-index facets
Yy 24,2015, 64(1): 013602  http://dx.doi.org/10.7498/aps.64.013602

e s P AR [ R A 3 R W SR T I A AT 5T
Evolution of average cluster size in supsonic cluster jet under high gas backing pressure
PP 224%.2015, 64(1): 013601  http://dx.doi.org/10.7498/aps.64.013601

S L7 0T P UL AR (AT 1 5 P S B0 T 5
Influence of static vacuum on the preparation of cluster of supersonic gas jet
PP 2242014, 63(20): 203601 http://dx.doi.org/10.7498/aps.63.203601

AlLSE (n = 2---10) S5 M FRFAERIRR E P 1A 2 5 12 bR B AL
Density functional theory study of structure characteristics and stabilities of Al,S (n = 2--10) clusters
PP 2E4%.2014, 63(16): 163601  http://dx.doi.org/10.7498/aps.63.163601

T 7 L R B A AR A 9T
Study of argon/hydrogen mixed cluster in supersonic gas jet
VP27 4%.2014, 63(10): 103601  http://dx.doi.org/10.7498/aps.63.103601


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.153601
http://dx.doi.org/10.7498/aps.64.153601
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I15
http://wulixb.iphy.ac.cn/CN/abstract/abstract62306.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62306.shtml
http://dx.doi.org/10.7498/aps.64.013602
http://wulixb.iphy.ac.cn/CN/abstract/abstract62301.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62301.shtml
http://dx.doi.org/10.7498/aps.64.013601
http://wulixb.iphy.ac.cn/CN/abstract/abstract61183.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61183.shtml
http://dx.doi.org/10.7498/aps.63.203601
http://wulixb.iphy.ac.cn/CN/abstract/abstract60640.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60640.shtml
http://dx.doi.org/10.7498/aps.63.163601
http://wulixb.iphy.ac.cn/CN/abstract/abstract59954.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59954.shtml
http://dx.doi.org/10.7498/aps.63.103601

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 15 (2015) 153601

ETFREHEEZNAu-Cu-Pt =8 &4K
i FRVFRE S

FHREVD JPRKY

5 >C3)

BT X ERD)

1) (ERK¥Eab¥ ke, mK 400044)
2) (EER¥EETRYM, EIT 361021)
3)(EITRFEAR, EI1 361005)

(2014 4 12 A 18 HYZE; 2015 4 4 H 6 HIREMEHH )

B EPRRL T R B BRI B 1 2 DhREVERE, T HAZE S IORIT Fo0S Tk — 20 1 il HL AL
R A BB R . A SR et 1 38 4% SV AR 142 11 Sutton-Chen 2 2 {35t — + P i & Au-Cu-Pt =
TEEEIARRL T RS ST T RGBT, EH0 A FRSE A RG] (0 15 S Kok 1, SR 1 A% 5
IS AT AE A X AR S A M RO RE . TS S SRR T WIAG 2R OB BROF AN S B 24 ) A g 45, O F
L et R 3 A% SR BAT B MR E M, Au A1 Cu FEGR T W 10 Pt U BTR T 20 A fE N JZ; 2 Au B Cu EE I
BUNEE, Au A Cu R R HORWE; 2 Au 5 Cu Jf 782 MUK TR 7800, —FH R TEFmWE, B
Cu [ R RN e 58; B Au, Cu 55 B4k S 5 K T R M AR T J5 5 B A, A (40 2R 1k BE 1 5.
BEAN, Cufe &S, SBIEIRINR, 5 Pt AEA R BIR G AR S

KR, SRR T, WLIR, ZR%, R st

PACS: 36.40.—c, 61.46.Df, 31.15. X~

15 =

Hi Pt, Pd, Au, Ag &% Ru %5 5% 42 J& 14 BRI 44K
RLF- BRLHATE A O AL PR BE BN B AT AL T 3R 85
LRI RN B8 VR S 40U 6 AN AT D (g 4y 1, i
RERAMER B EER D, R &St Bk, W
T 42 e AT FR A A P 8 B ) P 280 3t 0 T T F)
e AT, O 2 I S SR ) & [
FHBE 0 43 4T 45 0] 1 B of i 6 5% 4 Ja8 9 K b7 1F
T TWTIE. SERAERT: AR TG, & E9Rk
TAGRE T e @ i ALE 1, Mo B AT BLg 734
JH PP 0 2 e < Jo 160 38 T 495 ) A R 45 ) 1 3 [
RONER S ) RE B 2 DhREMEAL IR fE, AT o

DOI: 10.7498 /aps.64.153601

HH LY SR S KR B 4 AN B R = I A
WP R AR e ), J sk, B S o BIERRE =00
&40 Ag-Cu-Aul™, Ag-Pt-Pd ¥, Pt-Pd-Rh ! 4]
#%, Au-Pd-Pt U101 A1 Au-Cu-Pt ) 9Kk 7, LK
Fe-Pt-Pd "2 YRRt 4T THEE. XU KL 4
HPE B AT i 25 A R AR 72, R 2D 5 SCkox
ZIUA SRR T SSRGS A AT 1A
AFIT A N, A R A R AR AR 9 KR T I R TH
F. B, AT R SRR R, — TR A R
SRR T R 3 = e AT I 3R T AR R A — 7
T 2 1] 2% 5 i 48 20 T (R Kok 190, 4Kk
PR R RS R RBS I ERSER, &
TR 2= A E VE A R e MR A8 22, AR T sl
TR B, R T PR B B e R A T

* [EKHRBIERES (WS 51271156, 61403318) HEd 4 H AR EH S (HHES: 2013J06002, 2013J01255) FilH gt w5 HE AR

Wk %5 B (eSS 2012121010) B BhIF .

T #EVEH. E-mail: gfshaoQ@xmu.edu.cn.

© 2015 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

153601-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.153601
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 15 (2015) 153601

RBUR 70 A AE G B LSS A S5 A, M
GEUSEIDNCERTE 2/t AP S A R ST AR N
bb, %5 &R Au-Pt & S9N PR AT e A A 1k
BESZ B T Tz R M T S NBRI 2 = SR A
AT LB = e TR A e e, 1 L IE e B A1 A A4 57
() B AR 0141 AR S 3 45 v 4R 28 THT Au-Cru-Pt
ZICE B TAE T RN R

— ORI, BB R B A
THIR RCEC A L 2 1 T SRR L 4Kk 1 R
SPEEANRITI A B Z 7. 9 T BN K RL 5 ) S5 4
Rettk, HATE WRTTEA T 1k, 55k %
JTIERVE B R R S B0l (R G SRR B U i
NS I A ke PRI Ep N ARSI AL T W
SR JRIEAMN. O T TR — B, BT R T i
AL B 1O R AL D)) 22 A R B i 118
Wil 285 A N2 FH A5 299 KO 1 5 (41 7% 1 485 R T L,
Chen 5% H 7 3RY) A2 A% 1540 77 12 R 3500 ]
I 8 e 90, BRATT LA BB 78t 2 300 S e A
e 7 51 NHRLT R SRR A 78 PtPd 99K KL T 1A E
gy 20, (R B HR AN 5V AE A — R AR, g
TER TR SR BCESE. B, e IEKRL
TS MR AL i R R 36 75 1 — P R R AN 58

AR H S # LR EE G E TBIE
Sutton-Chen % (Q-SC) £ & # ok 21 5k %t Au-Cu-
Pt = J0 & & 40 K KL A8 A R RS AAS 5] B 4 4
LTRSS HEAT A, E5E 0T T BN A 5% 5
93 A S5 AN [ W 0 A TR0 9 KR - fi 4 B E S )
SO K, PR A AR RS, G 5 AWk,
FINJE T AAARHR P S 58 YR A e S it 7 ik
i 30 o0 A A 5 ) ) SR T IR T A L 3R R T T AL
By A e Z A b, oW T a S aRR 1 1
SR AR PR AN T o A R, RS T RT3 4
XF G < AN AL T A8 E SR I RE R, & B N AR RL 1
AR L & AR St 7 PRARHARE.

2 HR I
2.1 [EFEHEEERE

Au-Cu-Pt =70 & &40 KR (1 I 5 18] AR 1
1 FI R 2 N R 7 35 1) & 7 2 1E Sutton-
Chen(Q-SC) Z A Kk, R Q-SC ¥, &

Gi ¥ R T R R Ny
1
U—Z@—XPLXWWM—0470>
i i j#i

Horp, vy R T 5RT 2RI, e Rong
RIPRER T, V(R;;) 22X A0, R 550 MR
J Z I8 B -l R AR, ARk a8

a
ViR = () @
pi TN R T 0 I SRy ek fer 2 ) HERIA O
a
& ; (R,-])
a SIS EEL, cNTEENSE, n, m NS EH
WEn>m. € n, mIPME, ¢, e T HEESHE S
AREfE. EAIMEER LR, HFARFRTGRER
) AH AR 240 T ad e %y b B o ) 2 20
7 U P AR E T 3 15 21 B

%1 Q-SCH#Hh Au, Cu il Pt 5%y (21]
Table 1. Au, Cu and Pt parameters in Q-SC many

body potential [21].

JLER n m e/meV c a/A

Au 11 8 7.8052 53.581 4.0651
Cu 10 5 5.7921 84.843 3.6030
Pt 11 7 9.7894 71.336 3.9163
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Table 2. The pseudo code of genetic algorithm.
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Fig. 1. (color online) Initial structures of alloy nanoparticles with Au : Cu

: Pt of 0.312 : 0.344 : 0.344 at

3285 atoms: (a) Randomly distributed structure; (b) Au@CuPt core-shell structure with Cu and Pt atoms
randomly distributed at shell; (¢) Cu@AuPt core-shell structure with Au and Pt atoms randomly distributed
at shell; (d) Pt@AuCu core-shell structure with Au and Cu atoms randomly distributed at shell. Au atoms

are in yellow, Cu atoms are in red, and Pt atoms are in silvery.

£3  FTHN 443 NE SARBT IR R E S IAE R (oV /atom).

Table 3. The energy (eV/atom) of final stable structure for trimetallic nanoparticles with 443 atoms.

T Au : Cu: Pt LAl WAL Au@CuPt Pt@AuCu Cu@AuPt
1 0.142 : 0.772 : 0.086 —3.10524 —3.10457 —3.10427 —3.10504
2 0.312 : 0.546 : 0.142 —3.43358 —3.4332 —3.43348 —3.43306
3 0.429 : 0.429 : 0.142 —3.54615 —3.54615 —3.54637 —3.5463
4 0.546 : 0.312 : 0.142 —3.64981 —3.64974 —3.64973 —3.64965
5 0.343 : 0.343 : 0.314 —3.92496 —3.92456 —3.92565 —3.92463
6 0.332: 0.334 : 0.334 —3.96809 —3.9679 —3.96865 —3.96787
7 0.142 : 0.429 : 0.429 —4.01629 —4.01648 —4.01631 —4.01648
8 0.275 : 0.275 : 0.449 —4.21327 —4.21346 —4.21331 —4.21333
9 0.142 : 0.312 : 0.546 —4.31772 —4.31768 —4.31769 —4.31762
10 0.203 : 0.203 : 0.594 —4.50203 —4.5021 —4.50205 —4.50203
11 0.142 : 0.086 : 0.772 —4.84689 —4.84689 —4.8469 —4.8469
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Fig. 2. (color online) Comparison of 11 nanoparticles with different initialized structures. The

sequential number of different atomic composition is corresponding to Table 3: (a) Atomic

distribution on surface; (b) atomic distribution on sub-surface.
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Fig. 3. (color online) The atomic distribution of the stable structure optimized from different initialized
structures with Au: Cu: Pt: (a) 0.546 : 0.312 : 0.142; (b) 0.14 : 0.429 : 0.429.
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Fig. 4. (color online) Evolution comparison of differ-
ent initialized structures at Au: Cu : Pt of 0.343 :
0.343 : 0.314.
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Fig. 6. (color online) Surface atomic distributions of
Au-Cu-Pt trimetallic nanoparticles with Au (Cu) com-

position from 0% to 50% at particle size of 443 atoms.
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Table 4. Surface atomic distributions at the experi-

ments of Fig. 6.

Au 5 Au 5% Au®ii  Cuim PtEM
Culbfil Culiv#t JBEr¥ JHr¥ JHr#
0.05 22 22 22 198
0.1 44 44 44 154
0.15 66 66 66 110
0.2 89 89 89 64
0.25 111 111 111 20
0.3 133 105 133 4
0.35 155 100 142 0
0.4 177 106 136 0
0.45 199 126 116 0
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Fig. 7. (color online) Surface atomic distributions of
Au-Cu-Pt trimetallic nanoparticles with Cu composi-

tion from 0% to 70% at particle size of 443 atoms.
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Fig. 8. (color online) Surface atomic distributions of
Au-Cu-Pt trimetallic nanoparticles with Au composi-

tion from 0% to 70% at particle size of 443 atoms.
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Fig. 9. (color online) Au and Cu concentrations at the
surface positions of different coordination atoms with

Au (Cu) composition increasing from 0% to 50%.
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Fig. 10. (color online) The lowest-energy structures of Au-Cu-Pt trimetallic nanoparticles with: (a) 443
atoms; (b) 1417 atoms; (c) 3285 atoms; and (d) 6323 atoms.

BT Cu il Au B3R 1 f 58, 7E Cu'5 AuJi 11 L
B AAKIE ST, Au-Cu-Pt = 0& & 90Kk
TGRSR N LT N E NIRE D E Aul) Pt
ZEMCu 5 AwiRE5E)E, Xtk 1 3.2
PtQCuAu HIH] 46 45 16 b HAh = 25 34 ] 46 e =
HRAK R Ji A

B Cu A A [ LLAI RGN, S5 7444 3L R B H B
WHIAFEL BEFE Cu th Bl B3 m, Cu ik 74040
TERE, WIRHTIEEAEN =, XA G5 1975 28 7E SCHR
4B, X FPtCud &, Culi FEENERE
B = - A BT 2 Culi 1 2188 2 I
iR ZE PY ME Au-Cu-Pt =554 24,
BT A77E Cu fl Au (3L [F SR W 2R, SR IL %%
PEEE R gk,

HF AR/, AulR FENS Culi ¥
SIARTERT, ME Auli T 2, Aui oIl
FEWPt R FRAE— . HT Auw-Pt &8 R
A PG N GUE PO B PL Au PR & G AE IR AR R
GRS REE. X A S5 ) RE SUE S W 10 s i) &

153601-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 15 (2015) 153601

MRS DL (S5 K. BATRE, BRI AR RS AL
T RSFH8E K. £ Cu b [ B 5 00 T,
UK AR T I 254 (it 3285 1M E 77,
FAERR) Cu 5T & EBOK; FIFEH, X T Au LE A
W5 AR OL R, ST /INBGRRE 7 AT AuJi

T RSF R IRE - A 2 A /b 2 () Au SR

T HE— 20 0 B ORORL T RS E 5 R I S5 R
fE, B T ARIRST FARGRE 1173 )Z
SAEN. BAFEEN Au, Cu Rl Pt & 51 EEE N
Rui = Nai/Ni (A=1,23), N; A T2 L 5T

o
w
T

AuJFFRT 5
o
o
T

0.1

Au:Cu: Pt
0.204:0.204:0.592

—-m— 443
—-®= 1417
—k = 3285
~v-- 6323

Au:Cu: Pt
0.344:0.344:0.313
—— 443
—0— 1417
—*— 3285
—¥— 6323

CulFiFPT itk ]

Au:Cu: Pt
0.204:0.204:0.592

co - 443
c- @ - 1417
c- % - 3285
- ¥ 6323

Au:Cu:Pt
0.344:0.344:0.313
—®— 443

—0— 1417
—*— 3285
—¥— 6323

PtJRFT L)

Au:Cu: Pt
0.204:0.204:0.592
- m--443
- - -1417
- - - 3285
- v--6323

Au:Cu: Pt
0.344:0.344:0.313
—— 443
—0— 1417
—*— 3285

—¥— 6323

Al SR

8 9 10 11

ES1)

K11 (MTPREE) Au-Cu-Pt =TT & &Rk FEMMILGIEL FR&E TRIETHREMM  (a) AufFAER)Z
B bl (b) Cul i FAEFZFTE H; (c) Pt EFAESZHT & He )

Fig. 11. (color online) Distribution of different atoms for Au-Cu-Pt trimetallic nanoparticles under two

compositions: (a) Fraction of Au atoms in each shell; (b) fraction of Cu atoms in each shell; (¢) fraction of

Pt atoms in each shell.

153601-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64,

No. 15 (2015) 153601

B, Nay NZseENHERE T8, AR, 2, 370 5I4%
#* Au, Ca M Pt, HH Ny; + No; + N3; = N;. 45
R AEMHFI LSS, F—n R KR AR R
AN AL T 72 2 Hh o0 AR 2 AR B H SR A & 3 JF .
Au M Cuila[a) T 7 AR =, M Pt A 0 A
FEWJE; 1E Pt HLBIBLE I, #5r Pe R 182 5 4
KIHE.

4 % #®

AR Sk ()it A% AN B 12 1E Sutton-
Chen 2 AR VU R R ) A A6 4 Ha i ) Au-Cu-
Pt ZJ0 & KR T AR S S BT VAT, 45
RLW: Ok p AL L B B AR E M A
[ FR) 4 0 g 2R 0o i 24 A 0 G R R A AT S ). A
Au-Cu-Pt =& & 9Kk 1+, Aufl Cuf&am T4
AMAERZ, M Pt [a) T 70 A1 72 N & = Pt
BRI (KZ140% DL 1), Pt JE 7380 o A 1 &
HZE. AuMl CuZBILHTEFRIE: 1) 2 Aufl Cu it
AT B AT 3R T R R T80, —F R &R
2, BedLm SRR Z; 2) 2 Au Ml Cu LR
TS T LR R T BT R E xR
2R TR, Cude SR Z, Auft b
KZE, 5PERIREH; 3) 2 AuMl Cu i 14
RS T R JE AR R R R T B A, Au 1R
R LGNS, Cu £ HIEREE G, Kkt
KR, £EAZ 5 PtERURAAH.

SR 1 TR A W B2 22 S0 B AR RO SO HE 2 2
j<3'E

S0k

[1] Zhou Z Y, Tian N, Li J T, Broadwell I, Sun S G 2011
Chem. Soc. Rev. 40 4167

[2] Ferrando R, Jellinek J, Johnston R L 2008 Chem. Rev.
108 845

=

]

[19]

[20]

(21]

22]

23]

153601-10

Balerna A, Evangelisti C, Schiavi E, Vitulli G, Bertinetti
L, Martra G, Mobilio S 2013 J. Phys.: Conf. Ser. 430
012052

Yun K, Cho Y H, Cha P R, Lee J, Nam H S 2012 Acta
Mater 60 4908

Huang R, Shao G F, Wen Y H, Sun S G 2014 Phys.
Chem. Chem. Phys. 16 22754

Deng Y J, Tian N, Zhou Z Y, Huang R, Liu Z L, Xiao
J, Sun S G 2012 Chem. Sci. 3 1157

Cheng D J, Liu X, Cao D P 2007 Nanotechnology 18
475702

Kahanal S, Nabraj B, Velazquez-Salazar JJ 2013
Nanoscale 5 12456

Bhagiyalakshmi M, Anuradha R, ParBull S D 2010 Bull.
Korean Chem. Soc. 31 120

Kang S W, Lee Y W, Park Y S 2013 ACS Nano 7 7945
Fan T E, Liu T D, Zheng J W, Shao G F, Wen Y H 2015
J. Mater. Sci. 50 3308

Guo S J, Zhang S, Sun X L, Sun S H 2011 J. Am. Chem.
Soc. 133 15354

Tian N, Zhou Z Y, Sun S G, Ding Y, Wang Z L 2007
Science 316 732

Sun X L, Li D G, Ding Y, Zhu W L, Guo S J, Wang Z
L, Sun S H 2014 J. Am. Chem. Soc. 136 5745

Liu T D,Zheng J W, Shao G F, Fan T E, Wen Y H 2015
Chin. Phys. B 24 033601

Oh J S, Nam H S, Choi J H, Lee S C 2013 Met. Mater.
Int. 19 513

Lv J, Wang Y, Zhu L, Ma Y 2012 J. Chem. Phys. 137
084104

Chen Z, Jiang X, Li J, Li S, Wang L 2013 J. Comput.
Chem. 34 1046

Chen Z H, Jiang X W, Li J B, Li S S 2013 J. Chem.
Phys. 138 214303

Liu T D, Chen J R, Hong W P, Shao G F, Wang T N,
Zheng J W, Wen Y H 2013 Acta Phys. Sin. 62 193601
Cagin T, Kimura Y, Qi Y, Li H, Ikeda H, Johnson W L,
Goddard W A 1999 Mater. Res. Soc. Symp. Proc. 554
43

Li SF, Zhao X J, Xu X S, Gao Y F, Zhang Z Y 2013
Phys. Rev. Lett. 111 115501

Zhang H J, Watanabe T, Okumura M, Haruta M,
Toshima N 2012 Nature Mater. 11 49

Liu T D, Fan T E, Shao G F, Zheng J W, Wen Y H 2014
Phys. Lett. A 378 2965

Xiao S, Hua W, Luo W, Wu Y, Li X, Deng H 2006 Eur.
Phys. J. B 54 479


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1039/c0cs00176g
http://dx.doi.org/10.1039/c0cs00176g
http://dx.doi.org/10.1021/cr040090g
http://dx.doi.org/10.1021/cr040090g
http://dx.doi.org/10.1088/1742-6596/430/1/012052
http://dx.doi.org/10.1088/1742-6596/430/1/012052
http://dx.doi.org/10.1016/j.actamat.2012.05.032
http://dx.doi.org/10.1016/j.actamat.2012.05.032
http://dx.doi.org/10.1039/C4CP02930E
http://dx.doi.org/10.1039/C4CP02930E
http://dx.doi.org/10.1039/c2sc00723a
http://dx.doi.org/10.1088/0957-4484/18/47/475702
http://dx.doi.org/10.1088/0957-4484/18/47/475702
http://dx.doi.org/10.5012/bkcs.2010.31.01.120
http://dx.doi.org/10.5012/bkcs.2010.31.01.120
http://dx.doi.org/10.1021/nn403027j
http://dx.doi.org/10.1021/ja207308b
http://dx.doi.org/10.1021/ja207308b
http://dx.doi.org/10.1126/science.1140484
http://dx.doi.org/10.1126/science.1140484
http://dx.doi.org/10.1021/ja500590n
http://dx.doi.org/10.1063/1.4807091
http://dx.doi.org/10.1063/1.4807091
http://wulixb.iphy.ac.cn/EN/abstract/abstract55807.shtml
http://dx.doi.org/10.1103/PhysRevLett.111.115501
http://dx.doi.org/10.1103/PhysRevLett.111.115501
http://www.ncbi.nlm.nih.gov/pubmed/22019941
http://dx.doi.org/10.1016/j.physleta.2014.08.019
http://dx.doi.org/10.1016/j.physleta.2014.08.019

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 15 (2015) 153601

Stable structure optimization of Au-Cu-Pt trimetallic
nanoparticles based on genetic algorithm”

Li Tie-JunY? Sun Yue! Zheng Ji-Wen® Shao Gui-Fang®’ Liu Tun-Dong®
1) (School of Automation, Chongqing University, Chongqing 400044, China)
2) (Information Engineering College, Jimei University, Xiamen 361021, China)

3) (Department of Automation, Xiamen University, Xiamen 361005, China)

( Received 18 December 2014; revised manuscript received 6 April 2015 )

Abstract

Alloy nanoparticles exhibit multifunctional properties different from monometallic nanoparticles. Especially, when a
third metal is introduced into bimetallic nanoparticles system to form trimetallic nanoparticles, their chemical activities
will be further improved. As the catalytic reaction of nanoparticles usually takes place on surfaces, and the activity and
stability are closely related to their structures, therefore the research on the stable structure is crucial for understanding
their catalytic activities. In addition, the electrochemically synthesized tetrahexahedral nanoparticles bound with high-
index facets may exhibit greatly enhanced catalytic activity because of their large density of low coordination sites at the
surface. Based on the above reasons, this paper carries out the investigation on the stable structures of tetrahexahedral
Au-Cu-Pt trimetallic nanoparticles by using an improved genetic algorithm and the quantum-corrected Sutton-Chen
(Q-SC) type many-body potentials. To avoid the genetic algorithm being trapped into premature convergence, two
improvement strategies are developed. On the one hand, an atom coordinate ranking operation, which is implemented
according to the atomic distance from the core, is proposed for reducing the probability of individual loss. On the other
hand, an alternating bit means is introduced into the crossover operation to keep the atomic composition ratio unchanged.
Moreover, the performance of genetic algorithm and the influence of original configuration on the stable structures of Au-
Cu-Pt trimetallic nanoparticles with different sizes and different compositions also have been investigated. One stochastic
distribution structure and three core-shell distribution structures of AuQCuPt, Cu@AuPt and Pt@QAuCu are adopted as
the initial structures, respectively. Eleven optimization trials on Au-Cu-Pt trimetallic nanoparticles in Au-Cu-Pt system
with Au: Cu: Pt of 0.343 : 0.343 : 0.314 with 443 atoms are used to verify that the different original structures should
have no effect on the final stable structure. Furthermore, 30 random trails on Au-Cu-Pt trimetallic nanoparticles at
Au : Cu : Pt of 0.316 : 0.316 : 0.368 with 443 atoms are conducted to prove that the genetic algorithm can obtain
robust results with small standard deviation. Finally, the segregation analysis results show that: In Au-Cu-Pt trimetallic
nanoparticles, Au and Cu atoms prefer to aggregate on the surface while Pt atoms are preferential to locate in the core.
Furthermore, Cu atoms exhibit stronger surface segregation than Au atoms. For small Au or Cu concentration, Au and
Cu atoms would display the maximum segregation. They begin to compete during aggregation, and the Cu atoms have a
strong tendency for surface segregation when the number of Au and Cu atoms is bigger than the total number of surface
atoms. With increasing number of Au and Cu atoms over those on the surface and sub-surface, Au atoms would display
a strong surface segregation than Cu atoms. Additionally, Cu atoms will mix with Pt atoms in the inner layers over the
sub-surface after occupying the surface. The distribution of surface atoms has been further examined by the analyses
of coordination number: the Cu atoms tend to occupy the vertices, edges and kinks, while the Au atoms preferentially
segregate to the flattened surface. This study provides a perspective on structural features and segregation behavior of

trimetallic nanoparticles.

Keywords: alloy nanoparticles, genetic algorithm, many-body potential, stable structure
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