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��f3 Pt L¡�áNÚ*Ñ´n)�zÚ@¡�¯K�Ä:. Äu�Ý�¼nØÚ±Ï²��.ïÄ
�
�f3 Pt(111) L¡9gL��áN, ÏL×£��w�º (STM) �nØO�©Û
áN�(�A�. æ^ CI-NEB

�{?Ø
��f3 Pt (111) L¡ÚgL��*ÑL§. ïÄ(JL²��f3 Pt (111) L¡�*Ñ'�N´, 
��f�gL��*Ñ�é�J, ùÌ�´Ï�gL��*ÑI�²L�� Pt �f�, 7L�Ñ�½�U^, l
`²LÞ7á Pt äkér�|�z5.

'�c: *Ñ,áN, �Ý�¼nØ

PACS: 68.43.Fg, 68.43.Jk, 31.15.E–

1 Ú ó

�f!©f�7áL¡��p�^´L¡�
Æ����ïÄ�K, �f!©f�L¡áN¬
K�7á�L¡(�±97áL¡�¹5, ù
C
z�u)��þ´duÏLáN,áNÔ��5/
K�
Ä.�>f(�. du Pt äkF9F�, F
@¡, |�z±9p§½5Ð�`:, Ï Pt 9
ÙÜ7�2�A^uÄ»Úxzó�¥. d	, $
§-�>³�Ò4Ú�4�xzJÌ�d Pt �¤.

?�Ú�\?Ø��f3LÞ7á Pt L¡�áN
Ú*Ñ¯K´�~��, Ï�ù�´n)�z!
@¡Úxz�¯K�Ä:.

3¢��¡, 8c, Stamenkovic l¢�þu
y Pt �Ç� Pt3Ni (111) L¡äkér�xz¹
5 [1,2]. Mun |^1>u�ÌïÄ
 Pt3M (M =

Ti, V, Cr, Fe, Co, Ni) Ü7�>f(� [3]. Markovic

uy Pt3M (M = Cr, Mn, Co) äk�r�xz¹
5 [4]. 3nØ�¡, Zhang æ^²¡Å�{�Ñü

�� Pt ' Pt ���Ü7äk�r�xz¹5 [5].

Ford |^ DACAPO §SïÄ
��f3 Pt(111)

L¡�áN(�, �Ñ fcc ´�½�áN  [6].

�C, Yang lnØþïÄ
��f3 Pt (111) L¡
�*ÑL§ [7]. �´, éu��f3 Pt L¡�nØ
ïÄÌ�Ny3½áN �±9L¡�*Ñ, �
�f3gL��'ß*Ñ�9��, �'ß*Ñ
L§´n)�z!@¡�¯K�'�. �©Äu�
Ý�¼nØ�1�5�nO��{, æ^ climbing

image nudged elastic band (CI-NEB)[8−12] �{�\
ïÄ
��f3 Pt(111) L¡cÙ´gL��*Ñ
Ån.

2 O��{

�ÜO�æ^Äu�Ý�¼nØ� VASP ^
��5?1. >f - �>f�p�^æ^ÝKM\
Å PAW ³ (projector augmented wave) 5?n, r Pt

5d96s1, O 2s22p4 ��d>fÙ¦;�>fÀ
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2146, `�Ü J i [2010] 2137) ÚB²���ÆÆ¬�ïÄ7]Ï��K.
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��>f, éu>f - >fm�� - 'é³Kæ
^2ÂFÝCq (GGA) e� PW91 �¼?1£
ã [13,14], � 450 eV ��²¡ÅÄU�ä:.

æ^��� (supercell) �.5�[ Pt (111) L
¡, Pt �f�� 6 �, z�� 4 ��f (CXÇ
� 0.25 ML), ��L¡��mÏL 15 Åþ�ý�
��m, �fáNuL¡��ý, �± Pt (111) L
¡��.ü��f�½, ,�éáN��f±9
Ø
�.ü��f	�Ù{�.�f�?1µþ,

æ^��FÝ (conjugate-gradient) �{`z�f�
 �, æ^��� (7×7×l) � Monkhorst-Pack[15] A
Ï k :�{5?nL¡�Ùp�«È©, òoUþ
�u 10−6 eV ±9�^3�fþ� H-F (Hellmann-

Feynman) å�u 0.01 eV/Å©O��gUÂñIO
Ú�f(�`z¥å�Âñ�â, æ^é�zk�
�©{�ï Hessian matrix Ý
5O��ÄªÇ.

þã¤À��O�ëê (�äU!�f�þÝ!
ý��þÝÚÙp�«È© K :) Ñ²LÂñ
5ÿÁ.

3 O�(J�?Ø

3.1 áááNNN(((���

� © O � � � � N � Pt � ¬ � ~ ê
� 3.986 Å, ¢��� 3.92 Å[16], l`²�©¤
æ^�O�ëê´Ün�. µþ� Pt (111) L¡�
�f�måCzXe: �éun�L¡��må,

1��Ú1���m��må�	*Ü
 0.5%; 1
n�Ú1���m��må�SÂ 
 0.4%; 1
o�Ú1n��m��måKCz��,���±
�ÑØO.

�
�Ð`²��f3 Pt (111) L¡áN�(
��Cz, ^±eëê5£ã (Xã 1), Ù¥ ZOPt

´��f�L¡�C Pt �f�R�ål, ∆ZPt L
«L¡ Pt �f�à]Cz, d1−2, d2−3 Ú d3−4 ©
OL«éA���m�ål, dPt−Pt KL«Ó��
ü��� Pt �f�m�²þål, dO−Pt L«3g
L�áN���f��C�� Pt �f�m���.

�©>Ö�Ý�O��{Xe:

∆ρ(r) = ρad(r) − ρsurface(r) − ρatom(r), (1)

Ù ¥áN N X o � > Ö � Ý ^ ρad(r) L «,

ρsurface(r) L«L¡�>Ö�Ý, ρatom(r) KL«

gd��f uü�¥�AáN ��>Ö�Ý.

ã 1 ��f3 Pt (111) L¡áN�(�ëê (xÚ���¥
�L��f)

�©© O é � � f 3 L ¡ top, bridge, fcc

Ú hcp  �áN?1
O�, éu Pt (111) gL
��áN, ��Ä
��f3l¡N Úo¡N 
�áN�¹, Xã 2 ¤«, O (I) Ú T (I) L« 1, 2 �
�f�m�l¡N Úo¡N , O (II) Ú T (II) K
L« 2, 3 ��f�m�l¡N Úo¡N 

ã 2 � 3 Pt (111) g L � �áN  (x Ú � � � ¥ � L
��f)

��f3 Pt (111) L¡±9gL�áN�(�
ëê�uL 1 ÚL 2 ¥, ÏLáNU�'�²ww
Ñ fcc ´�½�áN ,  hcp ´g½�á
N , gL�� T Ú O �áN�f, ��Ñ(Ø:

��f�áNÌ�u)3L¡þ, �Ò´`��f
�L¡ Pt �f��^�r, �gL�� Pt �f
�^�f, L¥vk�Ñ bridge  �áN(�, Ì
�´Ï� bridge  �Uþ�p, éØ½, (�µ
þ±���f¬�ªw��½� fcc , ù�(
Ø� Ford Ú Mavrika-kis[6] �Ñ�nØO�(J�
�. fcc  �¤±��½�áN ��¡%á�
¬N Pt � (111) L¡�(�k', 3TL¡þ�f
´Uì ABC �ª?1ü�, ���fáNu fcc 
�, TÐ�±òYù«ü��ª, ù�©z [17—19]

(Ø��. du��fÚL¡ Pt �f¤�, 3 top,
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hcp Ú fcc �?� Ptsurf -O � �ÄªÇ÷v ν1

(fcc) < ν1 (fcp) < ν1 (top), ù`² fcc  ���f
� Pt (111) L¡k�r�¤��^, l�y²�
½áN �� fcc .

lL 1 ÚL 2 ¥��±wÑ, �áNu fcc, hcp

Ú top �, ��f�L¡�C� Pt �f�R�å
l�k¤ØÓ, Ù¥3 fcc áN�, ��f�L¡
�C� Pt �f�R�ål��, `²��f�L
¡�C� Pt �f��p�^��r, Ó���f
3gL��áN��±w�, áNu T (I) Ú T (II)

 ���f��C�� Pt �f�m������.

Ó�du�p�^, �áNu fcc, hcp Ú top �,

�Úå
�må�Cz, 1���måCz ∆d1−2

kÂ �ª³, �g e%w�Ø´é²w, ùÓ
��f��L¡�C� Pt �fk�r��^k'.

éuL¡à]Cz ∆ZPt, ÃØ´�½� fcc á
N , �´ hcp Ú top  , L¡à]CzÑØ´é
²w. ��f�L¡ Pt �f��p�^�Úå

�S Pt �f�î� £, fcc �L¡ Pt �fmå
� 2.928 Å, �éu�'L¡�fmå 2.819 Å, u)

 0.109 Å�î� £, Ó�´n� � hcp ,

î� £�k 0.084 Å, duL¡ Pt �f�î� 
£, �ª¦���f��CL¡���L¡/¤é
r��, ¢y�áNu Pt L¡. 3gL�� O (I),

T (I), O (II) Ú T (II) áN%kX²wØÓ, 1��
�!�n��måCz ∆d1−2 Ú ∆d2−3 ��²w,

∆d1−2 kX)ä�ª³, ù���f3gL�áN
Ø½k', ¿��C�L¡ Pt �f�î� £�
�, T (I) áN�)�î� £� 0.31 Å, �ù�
O\
��f�gL�?1'ß*Ñ��U5.

L 1 ��f3 Pt (111) L¡�áNëê

áN  Ead/eV ZO−Pt/Å dPt−Pt/Å ∆ZPt/Å ∆d1−2/Å ∆d2−3/Å ν/cm−1

fcc 3.825 1.148 2.928 0.07 –0.053 -0.003 439.295

3.87[6]

hcp 3.371 1.18 2.903 0.04 –0.031 0.0006 470.645

3.43[6]

top 2.255 1.83 0.036 –0.016 –0.0017 691.417

2.46[6]

L 2 ��f3 Pt (111) gL��áNëê

áN  Ead/eV dPt−Pt/Å dO−Pt/Å ∆d1−2/Å ∆d2−3/Å ∆d3−4/Å

T(I) 2.885 3.125 1.967 0.227 –0.08 –0.002

O(I) 1.769 3.127 1.982 0.16 0.001 –0.006

T(II) 2.011 3.051 1.975 0.137 0.45 –0.16

O(II) 0.817 2.988 2.033 0.212 0.252 –0.04

3.2 ��� ��� fff 333 Pt (111) LLL ¡¡¡ ááá NNN
��� STMããã���

�â Tersoff-Hamann �< [20] ¤JÑ� T-H C
q, �B>6O�Xe:

I(V ) ∝
∫ Ef+eV

Ef

dEρ(r, E),

ρ(r, E) =
∑

i

|ψi(r)|2δ(E − Ei), (2)

Ù¥, ρ(r, E)�L¡Û���Ý©Ù, ψi(r)��U

þ Ei éAÁ��Å¼ê, Ef �NX� Fermi U?,

V � STM ¥\� Ø. �©O�
3 –0.5 eV �
 ØÚ�k�éu��fCX��ål� 0.2 nm

�� STM ã�, ã 3 �Ñ�A�O�(J�Ü
©ã�. �â T-H nØ, du�¬Óâ��>f5
��±ÏLK� Ø5�N, � Øÿþ��
K´�¬�Óâ��>f5�. lã 3 �±²w
w� fcc, hcp Ú top  � STM ã�äkØÓ��
Ý, Ù¥ STM ã�¥�:���f� �, ¿��
. Pt �f3 STM ã�þÑk²w�è,�3, �
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´�. Pt �f� STM ã��Ýk¤ØÓ, 3 fcc

Ú hcp  ���f��. Pt �f� STM ã��
�Ý�ÉØ�, `² –0.5 eV NC��f��. Pt

�f�3�r��p�^,  top ���f��
. Pt �f� STM ã���Ý�É�~²w, l
`² –0.5 eV NCÌ�d��f� 2p >fÓâ, �

�. Pt �f��p�^�f. Ó�lã 3 ¥��±
wÑ��f3 Pt (111) L¡ fcc, hcp Ú top áN
�L¡�fvku)�, Y²���3��²w
�»� £, � fcc Y²���»� £��, ù
���f3 Pt (111) L¡� fcc, hcp Ú top �á
N(�ëê�(Ø��.

ã 3 ��f3 fcc, hcp Ú top� V = −0.5 eV � STM /mã (xÚ���¥�L��f)

3.3 ��� ��� fff 333 Pt (111) LLL ¡¡¡ 999 ggg LLL ���
���***ÑÑÑ

CI-NEB �{;��Ä�
LÞ��½ ¯K.

CI-NEB � NEB �'�«O´Uþ�p:Éå�
½Â, 3 CI-NEB[21,22] ¥ù�:Ø¬É���:�
��å, ù�Ò�;�Uþ�p:� ��.lL
Þ�, ù��{�I�é�� image, 'X�¹Ð!
"�o� 5 �$� 3 �:ÒUO(½ LÞ�, '
��¦^éõ image � NEB �{U3�á�mS
���O(� MEP, ´8c�k��ÏéLÞ��
�{��. �±�AÔÚ�Ô�(��½, ÏL�
5S���¥m�(�, æ^OÚî�{é¥m�
?1`z, ���f�z��gdÝ¤É����
å�u 0.01 eV/Å, 3>fµþL§¥, oUþgU
Âñ�â��u 10−6 eV.

Äk, �Ä��f3 Pt(111) L¡þ�*Ñ, d
u��f3L¡��½áN �� fcc, Ùg
� hcp. ÏdL¡�*ÑÌ�?Ø��fl�½
� fcc �g½� hcp *Ñ��¹, O���
���Uþ´»Xã 4 ¤«, �±wÑ��f3 Pt

(111) L¡þ*Ñ�, d fcc *Ñ� hcp I��
Ñ�U^� 0.705 eV, �©z [7] O����*Ñ
U^� 0.71 eV����. l��Uþ´»þ�z
� image �(�Cz��, ��f3 Pt L¡*ÑL
§¥, LÞ�(��Ð?3 bridge  , =3 bridge

 �NX�Uþ�p, ¤±�áNu bridge Ø

½, ù�c¡áN(��©Û��.

ã 4 ��f3 Pt (111) L¡l fcc *Ñ� hcp ���Uþ´
» (xÚ���¥�L��f)

ã 5 �Ñ
��fl fcc  � T (I)  'ß
*Ñ���Uþ´». ���fl fcc *Ñ� hcp

U^'�, �±²wwÑ��fl fcc  *Ñ�
1���1���m�o¡N � T (I) �3ü
�Q:(�, ¤I�Ñ�³^Uþ©O� 1.78 eV

Ú 2.66 eV, U^�p, l`²��f�gL��
*Ñ�é�J. lã¥wÑ fcc→T (I) ���Uþ
´»�g²{
 fcc, bridge, hcp Ú T(I) , *ÑU
^p��ÏÌ�3u��Uþ´»²L
 bridge

 , dc¡�áN(�?Ø����f3 bridge 
Uþ�p, 4Ø½, �ª��
*ÑL§k�p
�Uþ, �1��Q:(�3L¡þ� 1.33 Å 
�?, 1��Q:(�%3L¡e� 0.345 Å �
?,�
��¡�n)��f� Pt gL�*Ñ�J
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´§Ý, du��f3 hcp �áNU� fcc �
ÉØ�, � T (I) u hcp ��e�, Ïd hcp→T (I)

´��R�'ß*ÑL§, Ó�, T(II) � u fcc �
�e�, fcc→T (II) �´��R�'ß*ÑL§, ¤
±�©��\?Ø
 hcp→T (I) ±9 fcc→T (II) '
ß*Ñ���Uþ´».

ã 5 ��f3 Pt (111) L¡l fcc *Ñ� T (I) ���Uþ´
» (xÚ���¥�L��f)

ã 6 ��f3 Pt (111) L¡l hcp *Ñ� T (I) ���Uþ´
» (xÚ���¥�L��f)

ã 6 �Ñ
��flL¡þ Hcp R�*Ñ
� T (I) ���Uþ´»O�(J, ¤I�Ñ�³
^Uþ� 2.195 eV. ���fl fcc � hcp �L
¡*Ñ±9l fcc �gL� T (I) 'ß*Ñ�
U^'�, ÙU^'L¡*Ñp, %' fcc 'ß*
Ñ� T (I) �$, �,´R�*Ñ�`²��f�
gL��*Ñ'�(J, ùÌ�´Ï���flL
¡� fcc Ú hcp �gL�*Ñ�I�²L�� Pt

�f�, Ò7L�Ñ�½�U^���. ã 6 w«

��Uþ´»þ�z� image �(�Cz, ==
ØÓ�´ hcp→T (I) 'ß*ÑL§¥�Q:3L¡

e� 0.086 Å �?.

ã 7 ��f3 Pt (111) L¡l fcc *Ñ� T (II) ���Uþ´
» (xÚ���¥�L��f)

ã 8 ��f3 Pt (111) L¡±9gL�*Ñ���Uþ´»

ã 7 �Ñ
��flL¡þ fcc  R�*Ñ
� T (II) ���Uþ´», ¤I�Ñ�³^Uþ
� 3.59 eV. �, hcp→T (I) ±9 fcc→T (II) Ñ�R
�*Ñ, �´��fl fcc  � T (II)  R�*Ñ
�U^�p, ùÌ�´Ï� fcc→T (II) *ÑL§²
L
ü� Pt �f�, ¤±U^�p. ã 7 w«

��Uþ´»þz� image �(�Cz, �±u
y fcc→T (II) �R�*ÑL§²{
Uþ�p� O

(I) , ù�´E¤*ÑU^�p��Ï��, Q:
 u1�� Pt �fþ� 0.125 Å �?.

ã 8 L�
��f�L¡*Ñ±9lL¡'
ß*Ñ�gL�� T (I) ½ T (II) ���Uþ´
», ÏL'�*ÑU^�ÑlL¡�gL��'ß
*ÑL§�U^�p, l`²��f� Pt gL�
�*Ñ'�(J, ù�´ Pt äk'�r�|�z5
�2�A^uÄ»Úxzó�����Ï.
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3.4 >>>fffAAA555

�±l�©>Ö�ÝÚÝK��Ý5��\
/?Ø��f3*ÑL§¥�¤��¹, �©�é
U^�$���Uþ´» fcc→hcp Ú hcp→T (I) ?
1?Ø,�
Bu�©>Ö�Ý±9>fA5�©
Û, éL¡9gL���fI5SÒXã 9 ¤«.

ã 9 Pt (111) L¡ Pt �fSÒ

��f uÐ� (fcc)!"� (hcp) ÚQ: �
��©>Ö�Ý©OL�uã 10 � (a)—(c). l
ã 10(a) Ú (c) �±²wwÑ, ���f©O u

½áN� fcc  Ú hcp  �, ��f�±©O
� Pt-2, Pt-3, Pt-4 Ú Pt-1, Pt-2, Pt-3 /¤ér�lf
�, �ª��áNNXk'�$�Uþ. ,, ��
�f uQ: �� bridge �, ��f�� Pt-2

Ú Pt-3 /¤ér�lf�, � Pt-1 Ú Pt-4 �3
�f�>f=£, ¤±��f3 bridge �áNN
Xk�p�Uþ.

ã 11 Úã 12 �Ñ
��f©O u fcc ÚQ
: ��ÝK��Ý. �� u�½� fcc �,

��f� 2p >fÌ���C�� Pt-2, Pt-3 Ú Pt-4

�f� 5d >fu)�r��p�^, Xã 11 ¤
«, du Pt-2, Pt-3 Ú Pt-4 �d, ã¥��Ñ
 Pt-4

� 5d >fÝK��Ý, �±²wwÑd���f
�gC�� Pt-1 �f�p�^�f. ���f*
Ñ� fcc→hcp �Q: � bridge �, ��f��
�C�� Pt-2 Ú Pt-3 �f�3�r��p�^, 
�gC�� Pt-1 Ú Pt-4 �f�p�^�f, Ó�
du Pt-2 Ú Pt-3 �f�d, ã 12 ���Ñ
 Pt-3

� 5d >fÝK��Ý, �´du fcc  ÚQ: 
� bridge  ��C�fê��É�ª¦���f
 u bridge ��Uþ'�p, ù��©>Ö�Ý
�©Û(J��.

ã 10 ��f3 fcc !Q: �Ú hcp ��©>Ö�Ýã (xÚ���¥�L��f) (a) fcc; (b) Q:; (c) hcp

ã 11 ��f u fcc �ÝK��Ý ã 12 ��f u fcc→hcp �Q:�ÝK��Ý
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ã 13 �Ñ
��f©O u hcp, T (I) ÚQ
:��©>Ö�Ý. lã¥�±²wwÑ, ���
f©O u hcp Ú T (I) �, ��f��>f,

�Ù�C�±9�n�� Pt �fK��>f,

Ì��´Ny3��f©O� Pt-1, Pt-2, Pt-3, Pt-4

Ú Pt-1, Pt-2, Pt-3, Pt-5 /¤ér�lfè, �ª�
� hcp Ú T (I) áN�Uþ�$. ,, ���
f uQ: ��, ��f�� Pt-1, Pt-2 Ú Pt-3

/¤ér��, ��n�� Pt �fA�Ø�3>f
=£, ¤±3Q: áN�NXk�p�Uþ.

ã 13 ��f3 hcp !Q:Ú T (I) ��©>Ö�Ýã (xÚ���¥�L��f) (a) hcp; (b) Q:; (c) T (I)

ã 14 ��fáNu T (I) �ÝK��Ý

ã 15 ��f u hcp→T (I) �Q:�ÝK��Ý

ã 14 Úã 15 �Ñ
��f©O u T (I) Ú
Q: ��ÝK��Ý. lã¥�±wÑ��f 
u T (I) ÚQ: ��, ��f� 2p �þ�3©�
A�, ©�� –10 eV � –8 eV ±9 –8 eV � –7.5 eV

�$U«, Ú –6 eV � 0 eV ±9 –4.8 eV � 0 eV �
pU«, ��f 2p �©���ÏÌ�´du��
f� Pt �f� ê� 4, /¤
o¡N(����.

²w�� T (I) áN�ÃØ´pU«�´$U«,

d����f� 2p ���C�� Pt-1, Pt-4 Ú Pt-5

�f� 5d >fþu)�r��p�^, �´3$
U«?�¸U��²w, l`²3$U«?
��p�^�r, Xã 14 ¤«, Ó�du Pt-1, Pt-2

Ú Pt-3 �d, ã¥��Ñ
 Pt-1 � 5d >fÝK�
�Ý, ��f�gC�� Pt-4 �f�p�^w
��f. ���f*Ñ� hcp→T (I) �Q: ��,

��f���C�� Pt-1, Pt-4 Ú Pt-5 �f� 5d

>f3pU«�3�p�^, �¸U²w��,

�3$U«��f��C�� Pt-1, Pt-4 Ú Pt-5

�f� 5d >fÒØ�3�p�^, du Pt-1, Pt-2

Ú Pt-3 �f�d, ã 15 ���Ñ
 Pt-1 � 5d >f
ÝK��Ý, �, T (I) ÚQ: �?��f��C
�fê�Ó, �´du3Q: �?��f���
C�� Pt-1, Pt-4 Ú Pt-5 �f� 5d >f3pU«
k�f��p�^, �ª¦���f uQ: �
�Uþ'�p.

4 ( Ø

Äu�Ý�¼nØÚ±Ï²��.ïÄ
�
�f3 Pt (111) L¡9gL��áN(�, æ^ CI-

NEB �{�\?Ø
��f3 Pt (111) L¡cÙ
´gL��*ÑÅn, �Ñ±e(Ø:
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1©fcc ´�½�áN , bridge Uþ�
p, éØ½, �ª¬w� fcc .

2©STM ã��nØO�(JL²��f3 Pt

(111) L¡ fcc, hcp Ú top áN�L¡�fvku
)�, Y²���3��²w�»� £.

3. ��f� Pt (111) gL�'ß*Ñ�U^�

p, L²��féJ*Ñ�gL�, l`²LÞ
7á Pt äkér�|�z5.

a � Ö = ô A � Æ B � ï Ä ¤ � Vanpoucke � Ç
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Abstract

The adsorption and the diffusion of oxygen on the Pt (111) surface and subsurface are basic issues to understand oxidation and

corrosion, which are investigated based on the density functional theory and the periodic slab model. The absorption structure is

analyzed through scanning tunneling microscopy (STM) image. The diffusion processes of oxygen atoms on Pt (111) surface and

subsurface are discussed in detail using the CI-NEB method. The results show that the diffusion of oxygen atoms over Pt (111) surface

is easier than the diffusion into the subsurface, which is mainly because the diffusion of the subsurface needs to go through a layer of

Pt atoms and must overcome a certain energy barrier. Transition metal Pt is indicated to have a strong antioxidant activity.
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