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Fig. 1. (a) The total atom number and surface atom percentage of TOC structure nanoparticles as a function of nanoparticle size;

(b) the relationship between the surface catalytic sites density of TOC structure nanoparticles and the size of nanoparticles.
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Fig. 2. Relations of the potential energy per atom and
Lindemann index as a function of temperature for the Ni

and Cu nanoparticles with TOC structures.
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tion structure, and the dotted line is a random structure.
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Rifi Cu U BRI IN, Cu JEFHR 5 HE 40k
B AT L 2. (100) TEDAT (111) M. fRZ, 4
Cu VR 50% B TE e 38 1 Ni #% /Cu 7244k
BT
F 1 T 586 FFHY TOC GKki1-, B Cu JiT5
FI NI JE TG B AR (AE, B4i: eV /atom),
By 6,7,8, 9F 12 23 B R AR L 1% (100) T
(111) HIFIAAR PN B

Table 1.

unit: €V/ atom) for a bulk Cu atom exchanging with sur-

Configuration energy difference values (AE,

face Ni atoms for the TOC nanoparticles of 586 atoms.
The numbers 6, 7, 8, 9, and 12 are represent the sites at the

vertex, edge, (100) facet, (111) facet, and bulk, respectively.

Configuration AE/(eV-atom ')
12—6 -0.395
12 —>7 -0.303
12— 8 -0.194
12—9 -0.149
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Cu: 4.09% Cu: 12.5%

Cu: 50.0% Cu: 62.5%

Cu: 25.0%

Cu: 75.0% Cu: 87.5%

E 6 7F 200 K, 586 i F TOC JE 5 1Y Niy_ Cu, A4 & 40 KL T 25 44 . A% 21 (Al 85 (o i BR 43 3 26 /R Cu J 7 A0 Ni it 1

Fig. 6. Configurations and cross-section snapshots of 586 atom TOC Ni,_,Cu, nanoparticles at 7' = 200 K. The orange-red and sea-

blue balls represent Cu atoms and Ni atoms, respectively.

3.3 ARE¥H

P 1289 JiiF TOC JESLAY Ni &% M 5%, E i
BEHLUTAL Cu JiF & Ni Rk K
AL, HUTRRY Cu i F 4055 T 800 B, 45 IR TTAR.
I 4 K 50k 26 T R H0 (VR AN R R T
B(NEU) 2 AR T R4 g K U 2 A 1 A
K, Hoh AR B 430 2 R B R R TR
NI NEUE (8 58 S5 78 S A% e 1A 6 1Y) i o B
(Nyer), MR Baletto MR, Ny B/, B B0 #%
FeLERYBGE 19. IR E T = 200800 K i}, Nyt
I NQURL Cu T4 (Nyep) WL 7 PR A2
T, BB Nyep, BTN, N ILF- 2 4t
A NN JLF & — A48 T 0 M/IME. 458 %
B, ABHHY Cu Ji+ G4m0, B #EA Ni
RN ES. BB Ny, FEEE N, NN TF i 2218
B, B 5 NEtaE . 3 B R R R R ULRLK

500 F
\ —- N2 at 200 K

—— N2 at 400 K

400 |
5 —— N2 at 600 K
Q
E 300} —— N2 at 800 K
o S
E 2001 Ngrfat 200 K
< N at 400 K
100

— N3iTat 600 K

i erac
0 100 200 300 400 500 600 700 800
The deposited Cu atoms Ngep

Bl 7 FEIREE T = 200, 400, 600 A1 800 K I, Nsurf i Noulk
U Cu JiE 7Y R BOC R

Fig. 7. The growth of Cu atoms on the TOC Ni substrate
with 1289 atoms at 7' = 200, 400, 600, and 800 K, the N;‘;’f
and N2 as a function of the deposited Cu atoms (Nyp).

Cu AT TEAR Cu i T, B )2 5
—#5r Cu i 5 Ni 2L & Bl 4 19 i 7 58 e
HEA Ni A% NS SR AR S 11257 K& 7 AT LLFR
H, Nyop 20 THARA KT, U A 76 B TR Y L oY
HBRETE A I AY Ni % /Cu Fe4b#. X 5 2 /if MC
+ MD L5 —5, Ni #%/Cu 5e B 9Kk
FE. YA KR 400 K I, X 958 U Ny A0
TFHARAKE, VIR 400 K £ AT Ni 4% /Cu 7%
SERIE AR

T BT A b R B N A%/ Cu SERY BN AE K
A, AT T = 400 K B Cu J577E TOC 4514
f) Ni 3 i 28 1w (9 2B K P 51 (18 8). MBI 8(a)—
(f) AT LLE H, DU Cu JRF %0435 4 100, 200,
300, 400, 500 F1 600. BEH Ny, FIHE AN, Cu Ji 7
B Ni B, 5 Ny, = 600 B, T8 BUAR X
SERMZ A . KR IE A Al-Mg, Cu-Co
Ni-Ag & L1209 g5z zbpy. e Kl R, JIEG
Bri k b /ba Ni e iR Cu JR 7 BT LR
K H NEB 7L RGBT Cu WM T 1E R 3
W (111) W H] (100) mAN (111) 3 (111)
T Z [l i 22, 25 R & 9(a) FE 9(b) PR,

& @R TF I B =2 A TS — Bk
BRI (hoping), R R+ DA —A P07 5 5 )
RE B 22 HE A 53 Ah—A B S o A TR O
—RIRAHHLH (exchange), W Fft 5+ 235 H )
N, Bt GG RE IR T A
7, B 30 D A BT v W B D - e AR 1T L iR T
E = QI G B oo T S O = AR h P N O
BIE BB AFTE, B Ehrlich-Schwoebel (ES)
%%[59,60]'
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K8 T =400K, AlIJFF7E Ni TOC 959 H I8 EHILERKTFF]  (a) Ny = 100; (b) Nyop = 200; (¢) Nyep = 300; (d) Nye, = 400;
(&) Nyep = 500; (f) Nyop = 600. 4 £L €2 R 5 (7119 5k 4331 R % Cu 51 F1 Ni JEF

Fig. 8. Growth sequence of NiCu clusters at T = 400 K. The snapshots of the growth simulation for various Ny, of 100, 200, 300,
400, 500, and 600. The orange-red and sea-blue ball show the Cu and the Ni atom, respectively.
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Fig. 9. The diffusion energy barrier of Cu adatom on the surface of the Ni TOC1289: (a) Ni-base (111)—(100) facet; (b) Ni-base
(111)—(111) facet; (c) Cu-base (111)—(100) facet; (d) Cu-base (111)—(111) facet. The orange-red and sea-blue balls represent Cu
atoms and Ni atoms, respectively.
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Bl 10 T =400 K, Ni J&F7E Cu TOC, 59 FJE L B4 K 751
R H12 R Cu T H1 Ni JBL T

() Naop = 100; (b) Nyop = 200; (c) Nyop, = 300. 4 21 €0 FE 35 €5 114

Fig. 10. Growth sequence of NiCu clusters at T = 400 K: (a) Ny, = 100; (b) Ny, = 200; (c) Ngep = 300. The orange-red and sea-

blue ball show the Cu and the Ni atom respectively.
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Abstract

Bimetallic core-shell nanoparticles such as NiCu are of great interest not only due to their excellent
stability, selectivity, and magnetic and catalytic properties, but also because they are tunable by changing the
morphology, surface element distribution, and particle size of the nanoparticles. The surface segregation and
structural features of NiCu bimetallic nanoparticles, the deposition growth and the surface diffusion of Cu
adsorbed atoms on the Ni substrate surface are studied by using molecular dynamics and the Montero method
combined with embedded atomic potential. The results show that the Cu atom has a strong tendency of surface
segregation. With the increase of concentration of Cu atoms, Cu atoms preferentially occupy the vertex, edge,
(100), and (111) facet of nanoparticles due to the difference in configuration energy between Cu atoms and
surface Ni atoms with different coordination numbers after the exchange, and finally form perfect Ni-core/Cu-
shell nanoparticles. When growth temperature T'= 400 K, the Ni-core/Cu-shell structure formed is the most
stable. By observing the NiCu core-shell structure’s growth sequence, it is found that a few Ni atoms are
replaced by Cu atoms on the step edge of the Ni substrate. The diffusion energy barrier of Cu atoms adsorbed
on a Ni substrate surface is calculated by using the nudged elastic band method. The results show that Cu
atoms adsorbed need to overcome a large ES barrier for both exchange and diffusion, making it difficult to
diffuse between the facets of Ni substrate surface in a temperature range of 200—800 K. The lowest energy
barrier for the diffusion of Cu atoms between facets of Ni substrate surface is 0.43 eV, and the diffusion path is
from (111) facet to (100) facet. In contrast to Ni substrate, Ni atoms deposited on Cu substrate can easily
migrate from the (111) facet to the (100) facet with a diffusion energy barrier of only about 0.12 eV, and at the
present simulated temperature, Ni adsorbed atoms are unable to migrate on the (100) facet, resulting in a
growth configuration toward an octahedral shape with its eight apex angles almost occupied by Ni atoms. In

this paper, a new idea and method are provided for the preliminary design of NiCu nano-catalysts from atoms.

Keywords: NiCu bimetallic nanoparticles, surface segregation, diffusion, growth, core-shell structure
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