R Y 10384 43RE BRI

5. 19820130154239 uDC

B R
H + F 4 it X

S A EHEERAKRA THRESH
5AREMSENSR

Surface Structure and Thermal Stability of Platinum

Group Metallic Nanoparticles with High-Index Facets

v A
BEHIT L LR HI
ok 4 M BRESHE
WXRKEH: 2017 £ A
e EARE: 2017 £ A

FAE3F 8 4. E: |

20174 H



BiTRFEFAL IR 14 =R

AN 2 AR SOEAR NAE IR T 8 0L 52 B ST R o
ARNAEWRLEE TS H A N stk e R R TR, 4E L
F L 207 AR, IR AR AN (R AmE 7T A AR

e GO,

T AL SN DU CAD
AT TR, 3RS ( ) WL (D AP EsEIR = 1)
B, 1E ( ) SERE SR, (AU EFSNEEIR

BRI 1 DT NBSR IR = A4 PR, AR BETUAE BN E R, T AAM RS

A O

FIAN (3542):



B IRFEZ AR O EARUE R AER

AN R T TRSAARYE (AR N R ] 22 7 26 18 47 St 7 %)
AR TR B AN I BE 2208 5C, FF 1) 18 B ] sl i e HLA I 28 A A
W CRFRARTRAN TR, V200 SCHEN T TR B 1R 1
LA FER A ) A Pl o AR N TR SR TR SR A N1 SO & [ A
(e 2 VAT LS =8 R VA CT S i v O K VA R 7R I E RS
G AR, SRASZEN g Enelc ey sUE BB Hl A e 50

AR E T

( ) LAFETTRAIRE R 2 8 B 0E IR A AR 00,
T A A, BEREH R

( ) 2AMRE, & IR

CEAE AR S PI4T “ v 7 BUE BN A E . RE AR
Pt O 2 7T TR AR Ze i B e A AR S0, R F T TR R
L A2 E AR LR AT AN S JERBIREANEE R, BOA
NATFEALR S, & FREAL)

PN (Z4):
SIS






R

HURE BAUKR T BT BRA R R ERe, O iz B A TRk
B, AT, R AR . (B, Bk ¥ L& B 5
Y e R ] TR AN A . A TR Tk B H KRR, T g
AT PR PR A T T AN AR AR B A T A A U ) — A S I .
i B30 T 9 KWL R T B O AR I — ) R R L T — KB ISR . iR
Ko T A2 F8 % AR E kI 2= A — AR EOR T 1R dn i IX S T A
e B P AR AL 5, X8R 5T oA AR B A EnE MR A AL S, I E R,
WA S AL . L, a8 KR R I TR S ). &
SCNEF AR BN J15% T8, Okl e S T IR 4 KR 1) 45 ) e PR
PEEMEAT T R, HIAASEEEA LT =2 J7m:

FEEE—Horrh, B 130 71 A R G 5T 1 AN [E] 48 i 1 Pt
KR I SR RR E M TR E T DA A S R, O e BT 43 ) 2 e
{hkO} i Bl A f) ——+ DU i 44, b {hkk i T BBt 1 0 5 = NI, i {hhk}
JIT BBl RS = N TR o TSI 25 R W] -l {2203 1H1 P 4 jla 1) = )\ T A 494 K
T B B i B SR R e R AR e M, T ER {4103 1 AT 4Lk Y — - U T 4k L
A ZE SR TE AR e M . X gk T IR R e — R
SRy pe AN TET % NN 11V T 7 NN AN TR N R 3 < 105 S B A RN
1) 2 M, BT A R e e v, BER Tk DL BT O R s P AR N
L2KkI3>{3KI3>{AKIF I T AR R BEAR o 3 — 2D I A AT B, B8 K LAl g 2R T
e A R - (BCAL0>=9) A R T 52 v 4 KOk 1) A e v AR IR AR e
PE o AR T I A 25 A TR v 48 BT 0 F ) S AR M AU AR AR E MR AR, X
o T AT 4 J8 4 KR 1 3R T 45 M R AR 7 2R AR S T — AN TR ER N B
fitt o

5 o8 4T3 1A AT T R 2 [ S Rh A DU TR Kok
TR F R ARG AR o M S04, §HCR BOREAR 78 FH TR o 90
KL LE NG FE S AT RFTRTE AR I 2 . TR SRR, {310}A1{830}



T LR 1 = - DU g 4 (R SRS PE AN IR A e PR A A [R], (e AT AT b {2103 i 11
#£. H1T-{830}if /& {210} A{310} F-mit4 ple, PRIk, {8303 i —+ DU A& fAs
N AR M BURAI{310} it g « XU A] DLHE B e 2 2% miR
o e R AR T BE— DR B AL, S e R i R T A B BT AR
MUY B, AITAE T8 E GoKORLT B T 25 A AR5 TR o A J8 AT X
TR AU Rh R 7 BT P R I T — SRR N T, AT Rk i dE
KU <5 R AN AMEAG T B TT R AR T B B SR R T e .

B=H B T3 S AU R G IT 1A F R L) Au@Pd@Pt %
FLA I =R R ARRL T I SRRV, R AR i AR 2 fa ik 1
EATE AT RE T R E AT AR A A AR AL . TS AR Y] Au@Pd@Pt
PR IR R e R ZU AR Au Fl PE IEE SR Y Au &R BEAARRY
ARRL T (I R BEE PR R RN T R A, 2 PR BB ER, 94
KBTI BB Au JZ 5 BRI B X3 Rk, TR
M RE AR R T4 BB 17 AR 1 2810, = Au IR EERORI, i L
AR AT AES. BAN, ERCREP AR R Au AR 7 L 1 HED
JREE, BEEIREERITE e, XL P AE 700K 247 TR B > JEAE A R I
STERETHR. XELIRERY] Au@Pd@Pt Z0 KN K ) 2 A PR AT Ul 2 =
ol 73 R B T BEAT R R A IR . A e S 1 22 TR 9 KORE 1 IR 6 N AR
KNI RAA R IR UL s E N =& B 22 SR gRR R4t 1

—EHERIRTE T

REEE: SR, SRR, PURR T PERENM: 2 TEh .



Abstract

Platinum-group metallic nanoparticles are widely used as indispensable
catalysts in fuel cells, petrochemical reforming and automotive catalytic
converters due to their excellent catalytic performance. However, the rare reserve
and high cost severely limit its further usage. In order to meet the increasing demand
in industry, how to improve the intrinsic catalytic properties and utilization efficiency
of them therefore becomes a key issue in the development of industrial catalytic fields.
The successful synthesis of high-index-faceted nanoparticles provides a promising
solution to this problem. High-index facets, denoted by a set of Miller indices {hkl}
with at least one index greater than unity, possess a high density of low-coordinated
atoms, which situated on steps, ledges and kinks with high reactivity required for high
catalytic activity. Therefore , high-index faceted nanoparticles possess greatly
potential applications for their enhanced catalytic performance. In this article,
molecular dynamics methods were employed to systematically investigate the
structural and thermal stabilities of platinum-group monometallic or multi-metallic
nanoparticles. The article mainly includes following three aspects:

In the first part, we have employed atomistic simulations to systematically
investigate the structural, thermal stabilities and shape evolution of Pt
nanoparticles with different high-index facets, that is, tetrahexahedra enclosed
by {hkO} facets, trapezohedra by {hkk} ones, and trisoctahedra by {hhk} ones.
The results show that {221} faceted trisoctahedral nanoparticles display the
best structural and thermal stabilities while {410} faceted tetrahexahedral ones
do the worst. The shape stability of these nanoparticles generally decreases in
the order from trapezohedron and tetrahexahedron to trisoctahedron. For the
same type of polyhedron, the structural, thermal and shape stabilities of the
nanoparticles all decreases according to the order of {2kl}, {3kl} and {4kl}
facets. Further analyses have discovered that a large proportion of

high-coordinated surface atoms are beneficial to enhancing both the thermal



and the shape stabilities. This study provides an in-depth understanding of
surface structures and thermodynamic evolutions of high-index-faceted
metallic nanoparticles.

In the second part, we have employed molecular dynamics simulations to
investigate the thermodynamic evolution of tetrahexahedral Rh nanoparticles
respectively covered by {210}, {310} and {830} facets during heating process.
The results reveal that the {210} faceted nanoparticle exhibits better thermal
and shape stability than the {310} and {830} faceted ones. Since the {830}
facet consists of {210} and {310} subfacets, the stability of {830} faceted Rh
nanoparticle is dominated by {310} subfacet, which possesses a relatively poor
stability. This regularity could also be extended to other complex
high-index-faceted metallic nanoparticles. Further analyses indicate that the
surface atoms with higher coordination numbers display lower surface
diffusivity, and thus being helpful for stabilizing the surface structure and
particle shape. This study offers an atomistic understanding of the
thermodynamic behaviors of high-index-faceted Rh nanoparticles, and can be
expected to have important implications on the exploitation and design of
complex high-index-faceted metallic nanocatalysts.

In the third part, we have employed molecular dynamics simulations to
explore the thermodynamic stability of Au@Pd@Pt core—shell trimetallic
nanoparticles with different component ratios. The Lindemann index and
common neighbor analysis were adopted to characterize their melting
behaviors and structural evolutions during continuous heating. The results
reveal that the thermodynamic stability of Au@Pd@Pt core—shell NPs is
strongly dependent on the Au and Pt ratios. Their melting points are
prominently enhanced with rising Pt compositions when the Au core is the
same. In contrast, the melting points are reduced with increasing Au
compositions when the Pt shell is the same. The atomistic snapshots
demonstrated that for most nanoparticles, the melting processes start on the

surface and propagate into the core. Specially, the melting processes start from



interior zone when the proportion of Au core is large. Furthermore, the
stacking faults have been observed in the nanoparticles with large or moderate
Au core. With the rising temperature, these stacking faults gradually decreased
beyond 700 K and finally disappeared near the melting point. These results
suggest that the thermodynamic stability of Au@Pd@Pt core-shell
nanoparticles can be tuned by controlling the molar ratio of components. Due
to the potential application of core—shell structures, this study is expected to be
of significance to the exploitation of trimetallic even multimetallic

nanoparticles with excellent catalytic performance and high stability.

Keywords: Platinum-Group Metals; High-Index Facets; Nanoparticle; Thermal

Stability; Molecular Dynamics.
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