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Äu EAM �fi\³, é�.º�e�gd Pt B���ÛÉ(�ÚLz1�?1©fÄåÆ�[. �[(J
w«, �[ Pt B���L:�»�º�Ú(��ØÓ
u)²wUC; Ú\��ùÏf, -Ù�.�� 0.03, ±d�
�éAL:����ÏL³U - §ÝCz­�éÑ���, q'�
B����âf²þ��ù�ê���, é�
�B�(��9­½5?1½þIÝ; nÜ©ÛuyÚ^(�B���LzlSØm©, 
õ>/(��B���
Lzl	��m©.

'�c: Pt B��, ÛÉ(�, Lz1�, ©fÄåÆ�[

PACS: 05.70.−a, 31.15.Qg

1 Ú ó

7áB����B�á�¥�­��
, Ly
ÑØÓu3¬Ná��å!9!1!>Ú^Æ5
� [1−4], 3�5��B>fì�¥äk4Ù­��
A^d�, gd�ÛÉ(���>�þfzÚº�
�A�Jøn���. [5].

8c, 7áB���(�A�Ú5���2�
ïÄ [6−18]. ¢�þÏLõ«�{U��Ñ�»3
A�B�ºÝev
��7áB��, X^×£
��w�º]å�f½Å�ª�:ä�©l�f
��{ [19,20]. é7áB���nØïÄ, X©f
ÄåÆ (MD) �[U�Ï·�ïÄB���(�,
*	(���m�üC±9éÙ�«9åÆ5�
?1O�Úýÿ. Äu MD �{, �þó��±Ð
m [6−33]. X Tosatti �<^©fÄåÆ(Ü�Y³,
�[
�[� Pb Ú Al 7áB���õ�Ú^(
� [23]. Kang Ú Hwang �<ïÄ
�[ Cu B��
õ�Ú^(�A5!­½5ÚLz1�� [24], �
2þ�|�é Au, Ti Ú Zr õ�Ú^(�B���
�ÄÌ, >ÆÚD�5�?1
ïÄ [25,26].

du7áB���º�Ú(�òK��B�
��5�, X7áB���Lz§Ý��»�~�

ü$, LyÑér�º��A. �þ¢�ïÄÚ
nØO�L², B���Lz©u	L¡, ù´d
u	L¡þ��fäk���� êÚ�f��
f�U [27,28], ,
k<é Au, Pd Ú Zr B���©
fÄåÆ�[, %uy
Lzm©uSÜâf��
~y� [29].

Äu©fÄåÆ��{, ·�Ì�ïÄ
�»
3A�B�þ?e��[ Pt B���ÛÉ(�­
½5Ú9­½5, ±93,§LzL§¥� /Ú
N��üCL§. ÏL'�B����âf²þ�
�ù�ê���, �*/�/�NÑB��Lz1
��S3Ån, �U)º Pt B���Lz´©uS
Øk�´	���É. ïÄù
5��Cz5Æò
kÏu·�é7áB��?1�EÚ��.

2 �[�{

EAM ³®�y¢Uk��[Ñ7áü��f
¤�¤�ìq!B��,§Lz1� [30−32], 3·
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��ïÄ¥, æ^ EAM ³é Pt B��?1©fÄ
åÆ�[, ���
5K
­½�õ�Ú^B�(
�, ��'�ïÄ�q [28−32]. �d, ·�q?�Ú
ïÄ
�[ Pt B��ÛÉ(��Lz1�.

kæ^ NPT Xnéü¬ Pt ?1�[, ·��
�ü¬É�L:� 2050 K, dnØO���¢�(
J 2045 K éÐ�ÎÜ. 3dÄ:þ, 5ïÄ Pt B�
��,§Lz1�. ·��â¢D�{��
�X
�­½�5Kü��B��, ��� 11.8890 �¬
�~ê, = 4.66 nm, � 17 � Pt �f��Ý. �
�
[Ã��gdB���(�Ú5�, 3¶���\
þ±Ï5>.^�. ��æ^�KXn (NTV) ?1
�[, �mÚ�À½� 2 fs (2 × 10−15 s), Ù�u¬
��Ä±Ï, �U3 1 �Ú±S��²ïG�, ù
���mÚ�QU�Ù�w«Ñ /�üCL§,
qU�yO��Ç. du¤ï�.�Ð�ØK�Ô
��9²ï5�, Ïdm©�3¿§ (300 K) e$
1 10000 Ú, 4XÚ¿©µþ; 2?1ò»�[, k
ÅÚ,§�L:NC¦Ù(�¿©�µþ, ,�2
ü§� 0 K, ù�ÎÜ¢�¥�ò»L§, U��N
XUþ�$�B���­½(�.

6-1 10-417-12-6-112-6-1 16-10-4

ã 1 Pt B���A«�. (6-1, 12-6-1, 17-12-6-1, 10-4
Ú 16-10-4)

3 (J�©Û

3.1 BBB���������(((���

¯õïÄL², �7áB���»�º�ü$
�,��.�±e�, òLyÑØÓu¬N�æÈ
�ÛÉ(�, Xõ�Ú^ÎG(�. ·�^ n1-n2-
n3-n4 ��ª5L«ù
õ�Ú^(�, n1, n2, n3,
n4 ©OL«z��þ�fóê, n1 ��	��f
óê, n4 ��S��fóê. ÏLé Pt B���

©fÄåÆ�[, ·���
Ú^õ��ÎN(�
X: 6-1, 12-6-1, 17-12-6-1 �Úaq¬N fcc õ>/
(�X: 10-4, 16-10-4, Ù(�Xã 1 ¤«. �[ï
Äuy 8-2 .B��QULy�Ú^(�q�±
´aq¬N�õ>/(�, ù´du�¬��Ýé
B��(��/¤�k�^, ±Ï>.^��Ú\
XÓéB���üà\
	å�å, �¬��ÝØ
Ó, �åå���Ø�Ó, l
K�B��(��
�E [33,34].

3.2 LLL :::

©fÄåÆ�±�[ÑB���,§Lz1
�, 
L:q�±�â�
9åÆëþX³UÚ9
N�Ñ. 3��§Ýe, 9N�³U¥XeCz'
X [27,29]:

Cv(T ) =
dU

dT
+

3
2
Rgc, (1)

Rgc = 8.314 J/mol·K ��½�. Ïd, ¦Ñ³U'u
§Ý��ê�, Ò�±éÑ9N�âC:, l
(
½B���L:.

3�[B��,§Lz�c, ·�kéB��
?1ò»?n, ¦Ù(�`z, 2æ^ NVT Xn,
�mÚ�� 2 fs, Úê� 10000 Ú, l 300 K m©,
kz� 100 K ,§�L:NC, 2± 20 K �m�,
§, �mÚ�Ú�[Úê�±ØC, ��Lz, ±B
�O(�é�B���L:; �
éA¢�¥�§
�Ø�	Ü�¸, éü¬ Pt ^ NPT Xn?1�[.
ÏL�[�X�ÛÉ(�B��,§LzL§, �
��gB���³U�§Ý�Cz'X. ã 2 �(
��q��|B��: 6-1, 12-6-1, 17-12-6-1 ±9 Pt
¬N��f²þ³U�§Ý�Cz'Xã�.
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lã¥�±wÑ, §Ý�$��f²þ³U�
§Ý,p
�5O\, �§Ý���½��, ²þ
³Uu)�C, =B��m©u)Lzy�, Ñy
�C. 3Ó�§Ýe, �f²þ³U�B����
»O\Åì~�, L:ü$. Ù¥²wuy 6-1 B�
�3��L:��, �X§Ý±Y,p, ³UÑy
Ø,�ü��~y�, ù´du Pt B��3p§e
u)ä�¤� [35]. �[��ü¬É�L:� 2050
K, dnØO���¢�(J 2045 K Ä�ÎÜ. B
���Lz§Ý'¬N�$ 500 K �m, ³U§Ý
­�L²B��äk�¬NØÓ�A�, LyÑé
r�º��A, ù´duB��äk���LN',
B���[, ÙLN'��, B���NLz�§
ÝÒ�$, Ïdäk�$�9­½5 [36].

L 1 ØÓ»�º� Pt B���L:

(� âfê �»/nm L:/K

6-1 © 130 0.5070 1080

8-2© 183 0.6159 1150

9-3© 218 0.7120 1250

10-4¤ 238 0.7574 1310

12-6-1© 341 0.9493 1410

14-8-2© 418 1.072 1420

15-9-3© 475 1.165 1400

16-10-4¤ 510 1.203 1480

17-12-6-1© 655 1.409 1550

20-14-8-2© 751 1.534 1600

L 1 �Ó��¬��ÝeØÓ»�º�ÛÉ
(�B���âfê!�»��ÚL:, Ù¥ ©
�LÚ^(�, ¤ L«�´a¬Nõ>/(�. �
±wÑ�B��»�º��O\, L:�N¥þ,
ª³; Ù¥uy 15-9-3 .B���L:Ñ$u 14-
8-2 ., LyÑ�»�º�O�, L:�
ü$�
�~y�, �U´ 15-9-3 .äk�tµ�SÜ(
�, ÏdLyÑ l�5'X�A: [33,37]. �

£ãB��L:�º���6'X, ·���@�
B���L:Ä��Ù�»��ê¤�5Cz'
X [38−40]. äNL�ª�

Tm = T0 − η/D. (2)

ã 3 ��B���L:�Ù�»��ê 1/D �C
z'X, é[Ü����¦ÑÙ'~Xê η ��
��� 379.43 K·nm, T0 = 1796 K, �	í�»Ã
��ÉB���Lz§Ý, $uO�Ñ�¬NL

: 2050 K, ù´duB���L¡�A�K�, =
L¡�f¤Ó'~��, ¹5�p, l
ü$
�
�B���L: [10]. Ù¥uy(��q��|B
��: 6-1, 12-6-1, 17-12-6-1 ��5�'5ÎÜé
Ð, 
Ù¦(��� l�5'X, ùNy
L:
Ø1�ûuB���»�º�, ��B���(�
k'.
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ã 3 L:��»��ê 1/D �¼ê'Xã

3.3 999­­­½½½555

�
��*/��£ã�§ÝeB��L
zÅ n, ·�Ú\
� �ù�ê5�äN�©
Û [41−43], du��ù�ê¥�¹
 þ���
Vg, ¤±U�	âf�$ÄG¹; �ê�p, `²
âf�$Ä�ÃS, äk�p�6Ä5, âf¤3
 �Ò�Ø­½.

��ù�ê�L�ª½ÂXe, δi � N âf
XÚ¥1 i �âf���ù�ê:

δi =
1

N − 1

∑
j 6=i

√(
〈R2

ij〉 − 〈Rij〉2
)

〈Rij〉
, (3)

��XÚ�²þ�ê� N �âf�²þ

δ =
1
N

∑
i

δi, (4)

Ù¥, Rij ´1 i �âf�1 j �âf�ål. ��
ù�êÏ~^5ïÄ¬N�Lz1�, Lzm©�
�.�ê����3 0.1—0.15 �m, Ïá��Ø
Ó, �ê��¬k¤ØÓ [41], 
B����.�ê
�� 0.03[41,43].

·�O�
3�.º�±e, ¤����UÛ
É(��B��3�§Ýe���ù�ê, ¿*	
Ù�ê���§ÝCz�5Æ, ã 4 �B��ÛÉ
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(� 17-12-6-1 � δ �§Ý�Cz­�, lã¥�
±wÑ δ 3 1550 K NCk��²w��C, éA
� δ ���� 0.03, `²B��3d§Ýeu)

���C, âf$ÄC�ÃS®Ï, ¿u)�5�
*ÑÚ[£. Tã���C:�dc³U�§ÝC
z�¼êã���A�u)3Ó�§Ý, Ïd��
�L:�C��Ó.

�
�?�Ú©ÛB���9åÆ5�, ��
*�
)�B��3,§LzL§¥�A:, ·
�rÙ©� uØÓ��þ�âf, ÏLO���
þâf�3ØÓ§Ýe�²þ��ù�ê, ���
�B�âf�9­½5�. XL 2 ¤«, ·��Þ

 300 K, 500 K, 900 K, 1200 K, 1500 K eØÓB�

���þâf²þ��ù�ê�.
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ã 4 Pt B�����ù�ê�§Ý�Cz'X

L 2 ØÓ§ÝeB����âf�²þ��ù�ê�

(�
âf � ��ù�ê (δ)

�� �»/a0 300 K 600 K 900 K 1200 K 1500 K

6-1© 1 0.0630 0.0083 0.01415 0.01715 0.04735 0.07085

2 0.5070 0.00665 0.0133 0.0146 0.04885 0.0729

8-2© 1 0.3463 0.00769 0.01215 0.0156 0.03045 0.06595

2 0.8221 0.00722 0.01135 0.01485 0.0321 0.066

9-3© 1 0.3723 0.0085 0.015 0.01695 0.02175 0.06545

2 0.9075 0.0074 0.0147 0.01505 0.02125 0.06535

10-4¤ 1 0.4261 0.004835 0.0071 0.0092 0.0164 0.063

2 0.9653 0.004855 0.0072 0.0094 0.0165 0.06415

12-6-1©
1 0.0260 0.0092 0.01405 0.01785 0.02125 0.0687

2 0.6545 0.00695 0.00965 0.01305 0.0175 0.05875

3 1.2100 0.0067 0.0092 0.01255 0.01675 0.05685

14-8-2©
1 0.3120 0.0064 0.0101 0.01375 0.01795 0.04115

2 0.8127 0.0063 0.0098 0.01355 0.017 0.04115

3 1.3714 0.00615 0.00955 0.01315 0.01675 0.03975

15-9-3©
1 0.3667 0.0079 0.01095 0.01455 0.0173 0.0412

2 0.9098 0.00675 0.00965 0.01315 0.0161 0.0408

3 1.4852 0.00645 0.00915 0.0126 0.01555 0.0406

16-10-4¤
1 0.4327 0.004235 0.00695 0.0087 0.012 0.02625

2 0.9892 0.004185 0.0068 0.0086 0.0119 0.0268

3 1.5470 0.00427 0.00695 0.0088 0.01215 0.0296

17-12-6-1©

1 0.0519 0.007855 0.01455 0.013272 0.01555 0.02765

2 0.6448 0.007585 0.010675 0.013271 0.0158 0.0254

3 1.2213 0.006725 0.009625 0.012337 0.01485 0.02465

4 1.7964 0.006455 0.00925 0.011785 0.01435 0.02485

20-14-8-2©

1 0.3423 0.00619 0.00925 0.013115 0.014985 0.0225

2 0.8366 0.00616 0.009235 0.012675 0.01485 0.0219

3 1.3997 0.005945 0.00895 0.012325 0.01456 0.02185

4 1.9552 0.005715 0.0087 0.01195 0.01436 0.02175

L¥, a0 �¬�~ê; a0 = 3.923 Å
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lL 2 ¥�±wÑ 6-1 �Ú^(�B���
S�äk�p��, ù`²B���SØ�Lz§
Ý'	�9�NLz§Ý$, SÜò`kLz, L
zL§´lSÜm©�L¡�uÐ�, ù� Ti B
���LzklSÜm©, ,�*Ð�L¡��[
(J�q [33], 
± 10-4 ��L�õ>/a¬NÎ
G(�B���	�äk�����ù�ê, Ïd
ù«B���	�Ò`kLz, LzL§´l	Ü
m©�S�uÐ�. ù� Au B���Lz1��
q [37]. ·�@�ùü«ØÓ�LzA:, Q�|¤
B���äN7áá�k', qû½uB��þâ
f�ØÓüÙ. Ú^��vk.¡�.U, �8ü
�ü$
B���L¡U; 
õ>/a¬NB��
äk��;¢�SÜ(�, U¦��B��SÜU
þü$, 
ã+�Ü©L¡U. ü�¡�¿�´�
.º�eB��ÛÉ(�ÚØÓLz1��)�
Ì��Ï.

3.4 (((������üüüCCC

3�[B��,§L§¥, ·��	
B��
3ØÓ§Ýe(��üC1�, ùÒI��wâf
*ÑÚ$Ä�[!. 3�$�§Ýe, B���(
�­½, �f�üÙ'�5K. �§Ý��L:N
C�, âf� �m©C�ÃS, B��Ñy
 
�y�Ú*Ñy�. �
�?�ÚïÄÚ^(�B
���LzL§, ·�± 17-12-6-1 (��B��
�~��`².

Xã 5 ¤«, Ð© 300 K �, 17-12-6-1 B��
�âf�o«ØÓ�ôÚIP¿ u�g�þ.
3 1400 K ±c, B�����±Ú^(�, B��
3Øä�É9)ä. 3 1440 K �, B���SØ�
fm©Lz, �p��fÑy
ä�, ä�Ü �
Ñy�fKÜ. 1480 K ��f*Ñ\ì, 	�âf
m©'\SÜ, `²Lz®dS�	�ò�, SÜ

�f�LzÚå	Ü�f��¥
\�
��â
f�KÜL§, ù�c¡^��ù�ê5©ÛÚ^
(�B���LzA:��. 3 1550 K �, �±w
�B��¥��f®² lÐ©�5K �, ü�
C�Ø�à, ¤k�f�ü�ÑC�,ÏÃÙ. d
���B���ÜLz. Ïd·�o(ÑÚ^(�
B���Lz´dS�	uÐ�.

300K 1400K 1440K 1480K 1550K

ã 5 17-12-6-1 .B��� /�§Ý,püCã

4 ( Ø

�©Äu EAM ³é�.º�±e� Pt B�
��(�ÚLz1�?1©fÄåÆ�[, ���
X�­½
5K�gd Pt B��ÛÉ(�, O�
�B���L:, uy Pt B��äkér�º�
�A, B���L:��»�~�
¥yü$ª³.
�
�?�Ú£ã Pt B���LzA�, ·�Ú\

��ù�êéB��,§L§¥�9­½5?
1½þIÝ; -��ùÏf� 0.03, éAu Pt B�
��L:�ÏL³U - §Ý­������. 3,
§L§¥O�ØÓB����þ���ù�ê, u
yÚ^(�B���S��ê�p, 	��$, L
²ù«�.B���Lz´kS�	Ðm�; 
a
¬Nõ>/(��B���Lz?1����. ù

&EòkÏu·�é Pt B����EÚ��.
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Abstract

The amorphous-like structures and melting behaviors of ultrathin platinum nanowires are studied by EAM potential by using em-

pirical molecular-dynamic simulation and the dependence of nanowire melting temperature pm soze os pntaomed. When the Lindeman

criterion is 0.03, we find that the melting temperature for Pt nanowires is well consistent with the result obtained from the potential

energy. Through comparing the Lindemann indexes on each shell, the thermal stability is studied. The results indicate that melting of

the cylindrical helical structures starts from the interior atoms and that of the bulklike rectangular structure starts from the surface. We

also observe the positions of the atoms at different temperatures to obtain the atomic diffusion and mobility.
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