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B�ìqK1�ÄNþ�(�üzÚ9­½5´Ùr�EâA^�'�. �©^©fÄåÆ(Üi\�f�
{�[
äk��¡NÐ©(�� Co281Cu280 ·ÜV7áìq3 Cu(010) ÄNþ�LzL§, �	
ÄN� Cu �
f�±gd£Ä (gdÄN) Ú�½ (�½ÄN) ü«^�éK1ìqLz�K�. uyÄN^�éìq�Lzk²
w�K�. 3gdÄNþìq�f�§Ý - Uþ­��3²w�ìqLz��UþâC:, L:� 1320 K, $u�
½ÄNþìq�L: 1630 K. 3,§L§¥ìq���¡N(�¬3ÄNL¡u)	ò)�. 	òìq�X§ÝO
\u)L¡ýL, ýL�f¬Åì�ÄNL¡*Ñ/¤��, ����Lz. gdÄNþìq�f�i\1�¬¦
�f�©ÙG��)ØÓu�½ÄNþ�üC.

'�c: 7áìq, Lz, ÄN, ©fÄåÆ�[

PACS: 36.40.–c, 61.46.Bc

1 Ú ó

dü«7á|�|¤�V7áìq, duÉ�
|��3��Ó�A, �±ÏLÜ7zJpÙA
5 [1], ¿���±ÏLUCÜ7¤©!¹þ!�f
�·Ü�ª!AÛ/m±9¬N(�5N�Ù5
U, ù¦Ù3�>f!1>fÚB�xz�+�ä
k2��A^cµ [2]. �^V7áB�ìq��Ä
��E#á��A^¥, 7LòÙK1�ÄNþ/
¤õUá�Úì�. ÏdïÄK1V7áB�ìq
�9­½5!(�üz!à8)��Ñ´ìqr
�EâA^�'�.

3ïÄ¥uy�q�ìq�È�ØÓ5��
ÄNþ¬/¤ØÓAÛ/mÚ(��ìq. 'X,

Au �È�ÃS�%ÄNþ¬/¤l¡N!�¡
N!��¡N½Ì)�ìq, 
� Au �È� MgO

ÄNþ�¬/¤ fcc ��äl¡NÚ�ä��l¡
N/m [3]. du¢�þéJ¼�Ä�º�©Ù�ì
q, ¿�ìq�3É�N, 8céJÏL¢�Ãã
5ïÄB�ìq(��9­½5. cÙ´éV7á
ìqduÉ�|��3�f©Ù!�f Û�Ñ
¬éV7áìq�(�=CÚ9åÆL§�)K
� [4−6]. O�Å�[¤��'ïÄ�­��{, <
�^ÙmÐNõk'ÄNéK1ìq9­½5K
��ïÄ [7−15], 8c�ïÄõ8¥3X7áìq
K1�ÄN��¹. 3ïÄ¥uy Au K1�gd
� (ÄN�f�±gd£Ä)Au(001) þÚ Co ½ Au

K1�gd� Cu(001) ÄNþ� Au ìqÑ¬u)
	ò)�. � Au K1��½� SiO2 Ú Pd K1�
�½� (ÄN�f�½)MgO ÄNþ�, uyÄN�
¬éìq�õ¡N(�=C�)K�, �ìqØu
)	ò)�. duþãïÄ¥æ^�ÄNá�ØÓ,
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Ã{(½ÄN�f��½Úgd£Äéìq(�
üz�K�, ¿���	K1V7áìqëY,§
�Lz�ìq�(�üz�¹, Ïdk7�ïÄg
d�Ú�½�ÄNéìqLzL§�K�.

�©^©fÄåÆ(ÜÄu�Ý�¼nØ�
i\�f³5ïÄ Cu ÄNéK1 Co-Cu V7á
ìqLzL§�K�. ÀJ Co ÄÜ7´Ï� Co

äk hcp Ú fcc ��CL§, �±ÏLÜ¤L§�
N!��ìq�(� [16]. 
 Cu � Co �L¡U
ÚL:��'��, N´�)�f Û1�. ÄN
ÀJd Cu �f|¤�gd�Ú�½�ÄNü«
�¹. K1ìqÀJäk$gdU��¡N(�
� Co281Cu280 ·Üìq. ^§Ý - Uþ­�!(
�¯ì!�Ý¼êÚ©Ù�ê [11] �	ÄNéK
1 Co281Cu280 ìqLz�K�.

2 �[[!

� © � [ ¤ ^ � © f Ä å Æ ( Ü i \ �
f � { � [ ! 9 Ù 3 � [ B � ì q � � k �
5 ® 3 k c � ï Ä ¥ k L Ø ã, � ' [ ! � ©
z [17,18]. �©¤^��mÚ�� 1.6 fs. Lz
L§¤^�Ð©ìq�ï�{Xã 1 ¤«. Ä
kl 10a0×15a0×10a0(a0 ´ Cu ¬N�¬�~ê)

� fcc ¬N�eÜ��Ñ58� Cu ÄN, òÙ
3 300 K µþ 0.5 ns, �ØÄN�Aå. gdÄN
Ò´ x Ú z ��æ^±Ï5>.^�, y ��æ^
gd>.^�, ¿�ÄN.Ü�ü��f���½
�, ��duìq�È��)Aå¦ÄNC/. �
½ÄN�gdÄN�«O3u�½ÄN¥¤k�
�fÑ��½. ,�, l��ÄN�{Ü©��¤
äká�l¡N�ìq Cu561, æ^©z [19] ¥�
�{?1ò»?n¦Ù=C¤äk��¡N(�
� Cu561. æ^ Co �f�Å�� Cu �f��{¼
� Co281Cu280 ·Üìq. ,�òìq3 300 K µ
þ 0.5 ns �, òÙUXã 1 ¤«��ª��uÄN
¥% ���þ�, ìq��$��f�ÄN�f
�å 0.2 nm. LzL§´òNXl$uìqL:
� 800 K ëY,§�puL:� 200 K, §ÝÚ�
´ 100 K, �m´ 0.1 ns, 3�CL:�§ÝÚ�~
�� 10 K, �mÚ� á� 0.01 ns ±�±,§�
Çð½.

ã 1 K1ìqÐ©(��ï«¿ã

3 (J�?Ø

Äk^Uþ - §Ý�9åÆ­��	
gd�
Ú�½� Cu(010) ÄNþ Co281Cu280 V7áìq
�LzL§. ã 2 �Ñ
ìq�f�Uþ - §Ý­
�. lã¥�±wÑ, ü«ÄNþìq�9åÆ­
�²wØÓ. gdÄNþ�ìq�fUþ�§Ý�
,pÅìO\, 3 1220 K ��fUþk��²w
�O\, �§Ý�O\Uþq¬ü$. UYO\§
Ý, 3 1320 K ?k��Uþ�âC:, d�ìq�
�Lz. ,�UYO\§ÝUþÑkü$. ^ØÓ
§Ýeìq�(�¯ìÚ�È� Cu(010) ÄNþì
q�©Ù�ê λ(Xã 3 ¤«) éþãy��)��
Ï?1
©Û. uygdÄNþ©Ù�ê3 1220 K

²wO\. ù´Ï�ìqL¡�ýL�f�þ��
ÄNL¡*Ñ. 
ìq�SÜ�fÒ¬C¤L¡�
f, �§Ý�,p�u)L¡ýL. ,��¡, *Ñ
�ÄNL¡þ��f��U3ÄN��^e�)
	ò)�. Ó�, kÜ©ìq�fi\�gdÄN
SÜE¤ÛÜ�¬���. ¦ìq�f?uaq�
���§ÃSG�, E¤Uþ3 1220 K k¤O\.

�X§Ý�O\, ìq�f¬3ÄN��^e�)
	ò)�, Uþk¤ü$. é'�½ÄNþìq�
f�Uþ, �±uyìq�fUþ�X§Ý�O\
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vk²w�UþâC:, �´3 1630 K ��fU
þk����²w�Cz. ÏLé'ìq,§L§
�¯ìãuy�½ÄNþ�ìq3 1630 K ���
Lz.

ã 2 gd�Ú�½� Cu (010) ÄNþ Co281Cu280 V7áì
q�f�Uþ - §Ý­�

ã 3 ØÓ§Ý��½ÄNÚgdÄNþìq�f�©Ù�ê

,	, ÏLéØÓ§Ýeìq�©Ù�ê�©
Ûuy, 3�½ÄNþ, ìq�©Ù�ê�X§Ý
�,p
O\, vk²w�âC:. 3ìqLz�
Ä��±ØC. 3ìqLzL§¥, ©Ù�ê��
þ��� 1, `²ìq�fLz�/¤�����
�CXÄNL¡½ö`��¥�3"�. gdÄN
þìq�©Ù�ê��½ÄNþ�²wØÓ. Äk,

3å©� 600—800 K ìq�©Ù�ê�X§Ý�
O\A�Øu)UC, �Ò´`�È�ÄNL¡1
���f�ê8A��±ØC. 3 800 K ±�, �
X§Ý�O\©Ù�êO\, 3 1220 K, duìq
L¡�ýL�f�ÄNL¡*Ñ, E¤ÄNL¡1
���f�ê8²wO\, ÐyÑ��²w�âC
:. ù`²d�ìqduýL3ÄNL¡/¤
�

���. ,��X§Ý�UYO\©Ù�êA�Ø
C, 3 1320 K, ìqLz�, ©Ù�ê:ìü$. ,
��X§Ý�O\©Ù�ê��3~�. gdÄN
þìqLz��©Ù�ê������ 1, ù��
½ÄNþ��¹�Ó. ÏLé'uy, E¤�öØ
Ó�Ì��Ï´duÄN^�. �Ò´`�½ÄN
��fØ�ìq�fu)�A, 
gdÄN��f
�ìq�fu)
�p�^.

,�, ^�Ý¼ê�	
ÄN�f�ìq�f
�*Ñ�AL§, Xã 4 ¤«. ÏL�Ý¼ê¥ì
q�f�ÄN�f��.?�f�©Ù�±wÑ,

�½ÄNþìq�f�i\�ìq�SÜ, �X§
ÝO\lìqÊ��f�C¤Lz��o��f
�. ùÒE¤
ìqL¡�ýL�f¬�X§Ý�
O\
O\, ?
*Ñ�ÄN�1��, E¤1�
���fê�X§Ý�O\
O\. 
gdÄN�
�¹K��½ÄN�²wØÓ. ìq�f3 1000 K

�²wk�fi\�ÄN�L¡�. ÏLéÙ§§
Ý��*	uy, 3 600—800 K �, ìq�fi\
�ÄNSÜ, E¤
�X§Ý�O\©Ù�êØu
)UC. 3ìqLz� 1320 K, ÄN�f3ìq�
���¥Ñk, 
�ìq�f¬i\�gdÄN�
�$�. ù�`²gdÄN�©Ù�ê�X§Ý�
O\
u)���½ÄNØÓ��¹´duìq
�fi\�ÄNSÜ¤�. ù´��ØÓÄNþL
z1�ØÓ�Ì��Ï.

,�, ^K1ìq�¯ìïÄ
ìqLzL
§¥ØÓ§Ý��/m, Xã 5 ¤«. �±wÑ,

3 1000 K, ü�ìqÑ3ÄNL¡/¤
�, $g
dU���¡N(�3ÄN��^eu)
UC.

ÄNL¡��ìq�f÷ÄN� (010) ¡u)
	
ò)�, ù�©z [14] ¥�ïÄ(Jaq. 3¦�
�ïÄ¥uy, Co ìq�È� Cu ÄNþ¬u)	
ò)�. ,	�uygdÄNL¡þ/¤��¡È
�, pÝ�. 
�½ÄNþ/¤��¡È�, pÝp.

ù´Ï�gdÄNþK1�ìq�ýLL¡�f
�±�ÄN�fu)��, ´u*Ñ3ÄNL¡/
¤��. 
ìqLz�, ìq�fC¤ÃS(�, �
±²wwÑgdÄN�, ìq��fi\�ÄNS
Ü. 
�½ÄNþìq�f3ÄNL¡/¤��L
z�, Ã�fi\�ÄNSÜ.
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ã 4 ØÓ§ÝegdÄNÚ�½ÄNL¡ìq�f�ÄN�f��Ý©Ùã

ã 5 gdÄNÚ�½ÄNþØÓ§Ý�ìq�¯ìã (a) gdÄN, 1000 K; (b) �½ÄN, 1000 K; (c) gdÄN, 1320 K; (d)

�½ÄN, 1630 K

4 ( Ø

�©^©fÄåÆ(Üi\�f�{ïÄ

 K 1 � ä k � � ¡ N Ð © ( � � V 7 á ì
q Co281Cu280 �LzL§. ^§Ý - Uþ­�!©

Ù�ê!�Ý�êÚ(�¯ì�	
�½�Úg
d� Cu(010) ÄNéìqLzÚ(�üz�K�.

uyÄN^�éìq�LzÚìq�f�©Ùk
é�K�. 3gdÄNþìq�L:� 1320 K ²
w$u�½ÄNþ� 1630 K. $gdU���¡N
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Ð©(�¬÷ Cu(010) ¡u)	ò)�. �½ÄN
�±3�p§Ýe¦ìq�f�±	òG�, E¤
ìqL:,p. �X§Ý�O\ìqL¡�ýL�
f¬Åì�ÄNL¡*Ñ/¤��, ��ìq��

Lz. ,	, ìq�f3gdÄNþ�i\1�¬
¦ìq�f�©ÙG�u)ØÓu�½ÄNþ�
üC.
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Abstract

Structural evolution and thermal stability of nanoclusters supported on the substrate play a key role in their applications. In

this paper, we study the melting of the mixed Co281Cu280 bimetallic cluster with the icosahedral configuration by using molecular

dynamics simulation with a general embedded atom method. The influence of the free or fixed Cu(010) substrate on the melting of

the supported cluster is explored. It is found that the melting is strongly related to the substrate condition. There is a sharp increase

in the temperature-energy curve for the cluster on the free substrate. The melting point (1320 K) is much lower than that (1630 K)

of the cluster on the fixed substrate. The icosahedral configuration is converted into epitaxial cluster along the (010) of the substrate.

Premelting occurs for the epitaxial cluster with the increase of temperature. The premelted atoms diffuse to the surface of the substrate

and form surface layer until the cluster melt. The variation of the atomic spreading for the cluster on the free substrate is different from

the case on the fixed substrate due to the atomic embedding into the substrate.
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