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�©A^�C¤ïá�v(³�. [2009ÔnÆ� 58 3293; 2009 J. Chem. Phys. 130 164711] 5(½ÉB��
â�L¡(�, |^©fÄåÆ�[�y
T�.���5. ÄuT�.¤?1�1�5�nO�L², �«/G
�É�âL¡Ñ± fcc � (111) ¡�Ì (� 80%), (100) ¡/¤�VÇ� 10%, T(J�®k¢�*ÿ�ÎÜ. duv
(³O�{ü, T�.A´�«lnØþ(½B��âL¡(��{B�{.
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1 Ú ó

-�>³´ò;�3-�Ú�zJ¥�zÆ
U��=z�>U�#.u>C�. duØ²L9
ÅL§, ÙUþ=�ØÉkìÌ���, =z�Ç
p, 
�äk'À, p��`:, �@�´U�ðÅ
ÚS-Å���1n�U
ÄåXÚ, é)ûU

á"Ú�¸À/ùü�JKäk­�¿Â. Ïd-
�>³�ïÄÚmu�É�I­À. 8cÉ��Ê
H'5���-�>³±��0��ODÚ�Y
M� [1,2], ÙEâ'�3u7á>4�xz�Ç. �
Æ[®²y², É´�«ûÐ�>4á�, �
O
�Ù'L¡È, ÊH¦^â»©Ñ�É½ÉÜ7B
��â (2—10 nm) ��xzJ [3,4]. ïÄL², B
��â�xz�Ç�ûuL¡(� [5], Ïd·�Ï
"é��«¯�(½B��âL¡(��nØ�
{, ?
ÏééL¡)�?1ÀJ5��!Uõx
zL§�å».

,
, lnØþýÿ(½B�¬â�L¡(�
Ï~I�k(½¬â�AÛ/G, ù´�Ï(6(
¬Æ��K��. 9åÆ¥�gdU�â  Ø·
^u¬â�)�. ~X, <�uy3ìq�)�¥,

³U½gdU�$�É�NÑy�VÇØ�½�
� [6,7]. 1901 c Wulff JÑ
|^L¡gdU5�
ä²ï�e¤)�¬â�AÛ	/, T�{Ï~¡
�Wulff 'X [8]. �3�õê�¹e, Wulff 'XÚ
¢S(JØÎ [9,10], Ï�¬âÚL¡�)�  Ø
´C²ïL§ [11,12]. ¯¢þ, =B Wulff 'X¤á,

L¡gdU�O��é(J, 8c~^�O��{
�U�Ñ 0 K e�L¡gdU [13], 
'uk�§
ÝgdU�O�E,�ØO(, Ï~ØU�B/Ä
u1�5�n?1O�. Cc5, �
ïÄ�l²
ï��)�¯K, <��|^�|�. [14]!¢D
�{ [15]!�Akâ�{ [16] �ýÿ¬â�AÛ�
.. ,
, ù
�{Ó�ØU�B/Äu1�5�
n?1ýÿ.

cØÈ·�ïá
v(³�. (condensing po-

tencial model), §U
Äu1�5�n�B/ýÿ
�«á����¬¡�(¬Uå [17,18] ±9�N
L¡	ò����AÛ�. [11,12]. �©$^v(
³�.ýÿÉB��â�L¡(�, ÏL©fÄå
Æ�[±9�m�6�{ [19,20] ¼�É�â�É
�NÌ, �y
v(³�.���5, ¿ÏL1�
5�nO�v(³, L²�«�»�É�âL¡Ñ
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± fcc (�� (111) ¡�Ì. �,v(³�.ØUý
ÿ¬â��NAÛ�., �§Jø�L¡(�&E
®U÷vxz�ÇïÄ�I�.

2 nØ�.

�Ä� Wulff 'X [8]!�|�. [14] ±9�«
�[�{ [15,16] 3ýÿB�¬â/m�¡�(J,

·�IuÐÙ¦�nØ�{. cØÈ,·�ïá�
v(³�.Xe: LK��f3¬âL¡�vàL
§�^ü��f�áNL§��, =ü�f÷R�
���CL¡�aÉ���³� PZ, 
3TL¡
þ²£�aÉ�,�³� PS (ã 1(a), (b)). ùü�
³���, �áN�f?un��:�VÇA��.

XJ÷,���³��Ý�", K3T��ØU/
¤kS(�, =ØU/¤¬N. �Ò´`, PZ � PS

�¦È (
Ø´\Ú) ��, /¤ü¬N�Uå�
r. Ïd·�½Âv(³ P = PZ · PS ^±£�(
¬Uå. A^T�.ýÿL¡���AÛ�.�Ä
�g�´, �½,���v(³��, áN�f3
T��?¢3�VÇ��, ��T���)��Ç
�¯, Ïd§�X�müzò�5�á [11,12].

�Ä�?Ûü¬�â�/¤L§Ñ´��¬
¡�	òuÐL§, ·�@�, v(³���L¡
áN�f�VÇ��, l
��3TL¡�R�)
��Ç�¯. Xã 2 ¤«, �½¬¡þ#)��Ó
«¬¡�o'c�����f�», Ïd, �X�
müzT¬¡¬�5��, ����, ¤±U
3
)�L§¥�3�¬¡A´v(³��¬¡.

�
�yþãg�, ·�æ^ Tight-Binding

(TB) ³ [21] £�É - É�p�^, ^©fÄåÆ�
[É�â�)�. N �É�fNX� TB ³�¤

Ei = Ei
B + Ei

R, (1)

Ù¥

Ei
B = −

{∑
j

ξ2e−2q(rij/r0−1)

}1/2

, (2)

Ei
R =

∑
j

Ae−p(rij/r0−1). (3)

ùp (2), (3) üª©O£ã�fm�páÚ³Ú
ü½³, Ù¥, rij �L1 i ��fÚ1 j ��fm
�ål, r0 ´¬N¥�fm�1�C�ål, Ù{
ëê�©z [21]. ± (100) ¡� x ���~ (ë�

ã 1(b)), O�v(³�Ú½Xe: 4��É�f3
É (100) ¬¡þ÷ x ��£Ä, z£Ä 0.1 Å, òT
�f3 x ����Ý�", ¿�±Ù3 y, z ��
gd£Ä, P¹T�f3 x ��þzrL�Úa
É��³U, u´B��T�f÷ x ���³U­
�, ±9T���³��. ÷ y, z ��O�³U�
Ú½aq, �´3 z ��þ4É�fÅÚ�lL¡.

O�v(³ P �, I�'� x ��Ú y ���³
��, rÙ¥����� PS. �âþã�{, ·�
©OO�
É (100) ¡, (110) ¡Ú (111) ¡�v(
³ P .

ã 1 (a) 7á�f÷R�ÚY²��×³«¿ã; (b) É�f
3 (100) ¡þ÷ x Ú z ��$Ä¤aÉ��³|

�[É�â)��äNL§Xe: 3��k±
Ï5>.^��á�Ýf¥ (�»���y�f�
m�Ð©ålwÍ�u�fm��^å§) �Å�
� N � (50—1000) �á�f, ¿D�§��CÉ
�âL:�§Ý (� 800 K �Z). 3���üzL
§¥, z��½�m ∆t �Å/ÀJ���fòÙ
�Ý vold ^��#��Ý vnew O�. ùp

υnew
i = (1 − θ)1/2υold

i + θ1/2υT
i ,

i = x, y, z,
(4)

Ù¥ υT
i ´�ÅÀ� 800 K �ð�d��Ý, ´ θ 0

u 0.4 � 0.6 �m��Åëê. �ª¤kÑ�fv
(¤Éìq, ��NX3 800 K eüz, z� 10 ps

æ�P¹�g, ^{Z;��{ [22] ¦NX×�e
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%� 0 K, P¹NX³UÚ�f�I, zgæ�P¹
ÑU����ìq�É�N�.Ú³U.

ã 2 ¬¡)��«¿ã. �Þ¤«�,¬¡Å�)����

ã 3 NX3��m¥�;,«¿ã

,�, ·�æ^ “�m�6” �{ [19,20] ±¼
��õÉ�N. �m�6�{�Ä�g� (Xã 3

¤«) ´À���m¥�,�ª: Ci(éAu³U
¡þ�4��:), ¦ “�m�6”(=c¡�©fÄ
åÆ�[�_L§), XÚòl Ci ò£�L�,�
: Pi; ,�¦ “�m^6”, ù�XÚò­#�³U
4��üz. du�L:3��m¥�;,´�
��, XÚ²L�gÌ��Ø�½2£�ª: Ci,


�U��,�ª: Cj . �m�6�{\r
Û
Ü`zÚ�Û|¢Uå, U¯�k�/¼��õ
É�N. ¤±, ·�l±þæ�P¹�eZ�É�
N¥À���³U�$��., ,�D�T�.¿
§ (300 K) e�ð�d��Ý, ¿¦TNX?1õ
g�m�6Ì�, l
�)Nõ#�É�N. 3d
L§¥, XJ�)
³U�$�É�N, §ò��
e�g�6Ì��Ð©�.. �X�m�6�?1,

NX�§ÝØäþ,. ·�r£6��p§Ý�
���CÉNá��L:, ±��NX�6� “å

l”. XJ?1
õgÌ��vk�)³U�$�
�.Ò@�¼�
 N ��fÉ�â��­½�..

�Ä� TB ³¿�U
°(£�É - É�p
�^, Ïd, ·�ÏL1�5�nO�
É�'¬
¡�v(³, ¤æ^��Ý�¼O�ÄuÝK*¿
Å�{, ��'é�¼æ^ Perdew-Burke-Ernzrehof

2ÂFÝCq. écãn«¬¡, ·�æ^
 4

� 4×4 ¬�Ú x, y ���±Ï>.^�. Ùp�«
� k :æ^
 4×4×1 � Monkhorst-Pack æ�. ×
¡³U¡��{�æ^ TB ³��/�q.

3 (J9©Û

Pt ¬âáu fcc (�, 
UìX{AÛæÈ�
ª fcc (��±/¤pÝé¡����¡N, ¡
� MacKay ��¡N (ã 4). TU�¤ MacKay �
�¡N��fê (13, 55, 147, 309, 561, 923, · · · ) ¡
��ê. ÏL©fÄåÆ�[Ú�m�6��{,

·���
�fê� 10—1000 �É�âÉ�NU
Ì9�«É�N�ÑyVÇ. ~X, ã 5(a) ´�f
ê� 13, 14, 15, 16 ��É�NÌ, �±wÑ²þz
�f³U�XìqO�
ü$. ã 5(b) Ð«
�
�ìq (�fê�½) ³U�$�8«�. A—F,

Ù³Ud$�p�gü�. �fê� 13 �, ³U
�$� A �.� MacKay ��¡N, Ù¦³U�
p�É�N B—F �/G� A ����. Uì�
*��, �fê� 14 �ìq�³U�$�.A´
3 Pt13A ���¡Nþ2V\���f� Pt14B.

,
¢Sþ Pt14A �.â´³U�$�., 
�
Ø Pt14B �	�Ù¦�.þ� Pt13A ����. �
fê 15 �, 3 Pt13A ���¡NþOVü��f�
�.¿�Ñy, Pt15A—Pt15F þu)­�, Ù¥³U
�$� Pt15A, Pt15B, Pt15C äk�Ðé¡5. �f
ê 16 �½�Ñy3 Pt13A ��.þOVn��f
��¹, ¿��k³U�$� Pt16A ´é¡�. w
,, �fê�O\��
 Pt13A �­�, ¦�É�â
��.�X�fê�O�Ã5Æ/Cz. ù«Ø5
K53�fê���ìq¥��²w (ã 6(b)). Ï
d�±íä, -�>³¥ÉB��â (Az�A�
��f) ��.´�~Ã5Æ�.

·�é�«É�NÑy�VÇ?1
ÚO, X
ã 5(c) ¥¤«. �fê� 13 �³U�$� Pt13A Ñ
yVÇ�� (73%). �fê� 14 �ÑyVÇ���
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´ Pt14C(72%), �§%Ø´³U�$�.. �fê
� 15 �ìqÑyVÇ���´ Pt15B �. (73%),

½Ø´³U�$�.. �fê� 16 � Pt16A Q´
³U�$�q´VÇ����. (81%). oN5
`, ÑyVÇ����.³UÑ $, �3ù
�
.¥³U��p$�ÑyVÇ¿Ã²('X, Ñy
VÇ����.¿Ø�½´³U�$�. �fê
3 50—200 �m�ìq�Ø5Kõ¡N. ��fê
�C�ê�, ÑyVÇ����.ÑÚ MacKay �
�¡N�q, é¡5�p, �L¡/G�kØ5K.

ìq�fê�L 200 �, ÃØ´Ø´3�êNC,

ÑyVÇ��É�N/GÑ´Ø5K�. éu�ê
ìq, Ø
 Pt13 ±	MacKay ��¡NÑy�VÇ
þ�~$, ¿�Ø´³U�$��.. ã 6(a) Ð«

þãy�. o�, ³U�$��.ÑyVÇØ�
½��, ³U�p$ØU���äÉ�NÑyVÇ
��â.

¦+¬â�AÛ/GJ±ýÿ, ·��±�
âv(³�.�ä�«¬¡�/¤Uå. ·�¤
���É (111), (100) Ú (110) ¡�v(³ P ©O
� 1.16 eV2, 4.72 eV2 Ú 4.92 eV2. duv(³ P

��¬¡(¬Uår, N´��, ÏdÉ�âA�

3�þ� (111) ¡, �þ� (100) ¡, 
 (110) ¡¤
Ó'~A�$. �
�yù�ýÿ, ·�é�«
º�eÑyVÇ����
É�N�L¡(�?
1
ÚO, (JL² (111) ¡Ñy�õ, �ÓoL
¡È� 80%; k�þ (100) ¡�3, �ÓoL¡È
� 15%; 
 (110) ¡¤Ó'~��$. ã 6(b) Ð«

�«º�É�â� (111) Ú (100) ¡. éu�f
ê� 50—200 ��êNC�ìq, duAÛ/G�
C MacKay ��¡N ((111) ¡Ó 100%), (111) ¡�
'~ÑkOp (� 90%). w,, ©fÄåÆ��[
(J�v(³�.�ýÿÎÜ.

ã 4 �fê��ê�Éìq� MacKay ��¡N

ã 5 (a) �fê� 13, 14, 15, 16 �Éìq�«É�N�³U�, z�î��L�«É�N; (b) �fê� 13, 14, 15, 16 �Éì
q³U�$�8«�., A—F U³Ud$�pü�; (c) �fê� 13, 14, 15, 16 �ÉìqÉ�NÑyVÇ
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ã 6 (a) �fê��ê����A�.±Ú Mackey ��¡N
�'�; (b) �«º���AÉ�â9ÙL¡�.

��, ·�ÏL1�5�nO��� (111),

(100) Ú (110) ¡�v(³©O� 1.29 eV2, 5.77 eV2

Ú 5.91 eV2, Ù'� (1 : 4.5 : 4.6) � TB ³�(
J (1 : 4.1 : 4.2) �C. Ïd·��±íä, ?Û/
G�É�âÑA± fcc � (111) ¡�Ì. 3¢�þ,

ß�>fw�º�*ÿL², -�>³¥�$�
.þ�É�âL¡Ä�� (111) ¡ [3]. ÏLL¡¹
5�¢�uÿ½�íäÑ, ù
É�âL¡Ä�þ
d (111) ¡�¤, ¿¹k�þ� (100) ¡, ü«¬¡
�'~��â/GÃ²w'X [23]. ±þ(J�·
��nØýÿ�ÎÜ.

4 ( Ø

�©ïá
^v(³�.ýÿÉB�¬âL
¡(���{, ¤õ�ä
-�>³É�â�L¡
(�. du3©fÄåÆ�[Úv(³�O�¥·
�æ^
Ó�«²�³, ÏdTnØ�{AØ�6
uäN��p�^³, �ÊH^u�ä?Û¬â�
L¡�E. v(³�O�{ü, �Äu1�5�n
?1O�, k"¤�ýÿ�«B�¬âL¡(��
k��{.
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Abstract

The surface structure of platinum nanoparticle in a fuel cell is the key factor to determine the catalytic efficiency. In this paper,

we apply our recently established condensation potential model [2009 Acta. Phys. Sin. 58 3293; 2009 J. Chem. Phys. 130 164711] to

predict the surface structure of platinum nanoparticle, and the reliability of the model is verified by molecular dynamics simulations. By

first-principles calculations based on this model, we show that for various shapes of platinum particles the surfaces are mainly composed

of fcc (111) facets (about 80%), and the ratio of (100) faces is about 10%. The results are consistent with existing experimental

observations. Owing to the simplicity of the calculations, this condensation potential model is widely used to predict the surface

structure of common nanoparticles.
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