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æ^1�5�n�³²¡Å�{, O�¿�[©Û
¡%á� Cu ¬N9Ù (100), (110) Ú (111) ù 3 �$�ê
L¡��f(�!L¡Uþ9L¡>f��Ý. L¡U�O�(JL², Cu (111) L¡�(�­½5�Ð, Cu (100)

L¡g�, Cu (110) L¡�(�­½5��. 3 �L¡�L¡�fµþþ�X�ê�O\
Åì~f. Cu (110) L¡
��L��f�éÂ ��, Cu (100) L¡g�, Cu (111) L¡��L��f�éÂ ��. L¡�fµþØ=Úå
L¡AÛ(��Cz, 
�¦L¡��f�>f��Ý¸/�é¬NSÜu)Cz, ù´L¡U�)�Ì��Ï,


 Cu (110) L¡�éu Cu (100) � Cu (111) L¡äkpL¡¹5�Ì��ÏK
uÙL¡��f>f��Ý3p
U??�Å¸�é¬NSÜwÍ�,p.

'�c: Cu ¬N, L¡(�, L¡U, ��Ý

PACS: 61.82.Bg, 82.45.Jn, 65.40.Gp, 71.20.−b

1 Ú ó

éLÞ7áL¡(�!L¡U9L¡>f�
�Ý�ïÄ´ïÄNõL¡y�X@¡!�z!
xz!¬N)���Ä: [1]. ���¬N�)L
¡�,  uL¡A���f��� �f, =L¡
�f(Ü�~�, L¡>f�Ýò²wUC. L¡
A���fgÄN�gC� �±~�L¡>f
�Ý­#©��)�å. ~X,�
ü$¦��Ä
U, >f²w�£ÄÚ�Ð±~f>f�Ý�åÏ,

l
ü$L¡U, ���­½�L¡(�. Ïd, �
én�¬NL¡, �	A�L¡�fR� (�S½
�	) Ú²1£Ä, $�L¡­�u), =L¡�²
£é¡5UC. �,y3®²uÐ
éõÿ½L¡
�f(�ÚL¡U�¢��{, �Ùÿþ(J  
ÏÿÁÁ��ÿÁ^��Ø��
�3�½��
É [2−14]©

LÞ7á Cu ÏÙûÐ��>5UÚÅ�5U
2�^u8¤>´�Së��, �Ï±5áÚ
¯
õïÄö�4�,�. Cu áu¡%á� (FCC) (
�, éïÄ FCC LÞx7á9ÙL¡äkÊH¿

Â. ��±5, nØ�¡ÃØ´1�5�n�{½
ö�²�³�{éÔ¬N9ÙL¡�ïÄl�Ê
�L [15−29]. ±c�1�5�nO�¦+�O�

 Cu L¡�f�õ�µþ [18,24,27], �vkl>
f��ÝAO´���f�Û���Ý?1©Û.

�²��i\�f{ (embedded atom method, {P
� EAM) [20,30] Úk�0�nØ (effective medium

theory, {P� EMT) [21] �,O�þ�, �áu�
f�g��[�{, 
Ø´ÃX1�5�n�>f
�g�nØO��{, �Ù(Jr�/�6uÑ\
�¢�ëêX(ÜUÚ�5~ê�. Ïd, éu Cu

¬N9ÙL¡�f�AÛ(�!L¡¹zUå9
L¡>f��Ý�m�éXE"yXÚ
�¡�
ïÄ©�©A^Äu�Ý�¼nØ�1�5�n
�³²¡Å (PPPW) �{é Cu (100), (110), (111) 3

�$�êL¡��f(�, L¡U9L¡>f��
Ý?1
�[ïÄ, �z
é Cu ¬NØÓL¡A
Û�>f9d�(�!L¡(�­½5�L¡¹
zUå�@£. é¤�Ä� Cu (100), (110), (111)

3 �$�êL¡, AO´m�� (110) L¡vk�
ÄL¡­�´Ï�3·�c¡�ïÄ¥uy, Cu
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(110) L¡Ø¬u)­� [31].

2 O��.Ú�{

ÄuÛ��Ý�¼nØ, æ^1�5�n�³
²¡Å�{ VASP (Vienna ab-initio simulation pack-

age) ^�� [32−35] ?1O�©¤^�L¡�.æ
^�¬ (slab) �¬�(�, Cu (100), (110), (111) L
¡�g FCC-Cu ¬N`z��(�, Ù�f�©O
� 7, 9 Ú 7 �, ¿ÏL 10 Å þ�ý��òü�L¡
©m, �.(�Xã 1 ¤«. Ù¥ (100) Ú (110) L
¡�f(�� 2 �­E, 
 (111) L¡� 3 �­E.

du 3 �L¡²1uL¡�µþ�~�, ��Ñ
ØO, Ïd·���Ä�mµþ. lfÚ>f��

p�^æ^'�^�³ (ultrasoft pseudopotentials)

°(�ÝKM\Å (projector augmented wave, {P
� PAW) �³ [36] £ã, §ééõá�ÑU�Ñ�
~°(�(�&EÚUþ&E. >f���'é
Uæ^2ÂFÝCq (generalized gradient approxi-

mation, {P� GGA) e� Perdew-Burke-Ernzerhof

(PBE) �. [37] ?n. ÀJåÚUþ�ÂñIO©
O� 0.02 eV/Å Úz��f 10−4 eV. >fÅ¼ê
^²¡Å¼êÐm, ²¡Å�äU� 340 eV. Ùp
�«È©æ^ Monkhorst-Pack /ª�AÏ K :�
{ [38], FFT��� (16×16×16). L¡O��, >f
��'éUE� GGA-PBE �., é Cu (100), (110)

Ú (111) L¡ K :©O� (10×10×1), (7×10×1)

Ú (11 × 11 × 1).

ã 1 Cu (100), (110), (111) L¡�¬�., þ¡��L¡�:Àã

3 (J©Û�?Ø

3.1 NNN���...���ÿÿÿÁÁÁ

��ÿÁ, �©ÄkO�
 FCC-Cu ¬N�
¬�~ê a0!(ÜU Ec!N�þ B Ú��N
È Vcell, Ù ( J � ¢ � � 9 ¦ < � O � ( J �
¿�3L 1 ¥. �±wÑ, �©O�� Cu ¬N
� a0 = 3.603 Å (0.01%), Ec = 3.749 eV (7.42%,

5.9%), B = 142.759 GPa (3.45%), Vcell = 11.695 Å3

(0.3%), � ¢ � � a0 = 3.60 Å, Ec = 3.49 eV,

B = 137 GPa, Vcell = 11.66 Å3[2] Ú Ec = 3.54 eV[3]

ÑÎÜ�éÐ, )Ò¥L«·��O���¢��
��é �. ·��(J�Ù¦1�5�n�{X
�>f�5M\²¡Å (LAPW)!�³�5M\²
¡Å (FLAPW)!�³²¡Å (PPPW)GGA O��
(J�ÎÜ�éÐ [15−18].
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L 1 Cu �¬�~ê a0!(ÜU Ec!N�þ B Ú��NÈ Vcell

�{ ©z ¬�~ê a0/Å (ÜU Ec/eV N�þ B/GPa ��NÈ Vcell/Å3

PPPW(GGA) �© 3.603 3.749 142.759 11.695

PPPW(GGA) [15] 3.763 142 12.07

PPPW(LDA) [15] 4.753 190 11.01

LAPW(GGA) [16] 3.62 151

LAPW(LDA) [16] 3.52 192

FLAPW(GGA) [17] 3.63 3.51 142

FLAPW(GGA) [18] 3.63 3.74 138

¢��
[2] 3.60 3.49 137 11.66

[3] 3.54

3.2 LLL¡¡¡���fff���µµµþþþ

L 2 Cu (100), (110), (111) 3 �L¡�µþ(J

L¡ �{ ©z ∆d12/% ∆d23/% ∆d34/% ∆d45/%

Cu (100) PPPW �© −3.14 +0.87 +0.64

Cu (100) FLAPW [18] −2.89 +0.67 +0.38

Cu (100) PPPW [19] −3.02 +0.08 −0.24

Cu (100) EAM [20] −1.41 −0.33

Cu (100) EMT [21] −6.2 +0.5

Cu (100) LEED [4] −1.10 ± 0.40 +1.70 ± 0.60

Cu (100) LEED [5] −1.00 ± 0.40 +2.00 ± 0.80

Cu (100) SP-LEED [6] −1.2 +0.9

Cu (110) PPPW �© −10.5 +4.30 −0.94 +0.06

Cu (110) FLAPW [18] −9.64 +3.62 −0.07

Cu (110) FLAPW [22] −10.2 +3.8

Cu (110) PPPW [19] −9.27 +2.77 −1.08

Cu (110) EAM [20] −4.93 +0.23

Cu (110) EAM [23] −4.5 +0.2 −0.5

Cu (110) EMT [21] −15 +1.4

Cu (110) LEED [4] −7.90 +2.40

Cu (110) LEED [7] −8.5 ± 0.6 +2.3 ± 0.8

Cu (110) LEED [8] −10.0 ± 2.5 0.0 ± 2.5

Cu (110) LEED [9] −8 ± 3

Cu (111) PPPW �© −1.02 −0.52 −0.05

Cu (111) FLAPW [18] −0.56 −0.45 +0.08

Cu (111) FLAPW [17] −1.19 −0.65 −0.24

Cu (111) PPPW [19] −1.27 −0.64 −0.26

Cu (111) EAM [20] −0.39 −0.05

Cu (111) EMT [21] −4.6 +0.5

Cu (111) LEED [10] −0.3 ± 1

Cu (111) LEED [11] −0.7 ± 0.5

Cu (111) V-LEED [12] < +1.0
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�â�©¤À�.�O�(J, `zL§¥
�*	�
L¡�f�µþ, Ù­�Ø²w, Ï
dL 2 ��Ñ
 Cu L¡�.�fµþ�AÛ(
�ëê��éCz ∆dij = (dij − d0)/d0 × 100%,

�ÒL«�måO�, KÒL«�må~�, ª¥
� dij �1 i ��1 j �mmå, d0 � FCC-Cu ¬
N�,¬¡�¡må, é (100), (110), (111) 3 ��
ê¡ d0 ©O� a0/2 = 1.802 Å,

√
2a0/4 = 1.274 Å,

√
3a0/3 = 2.080 Å. ��'�, L 2 ��Ñ
®k�

�
nØO�9¢��(J.

é Cu (100) L¡, L¡�	ü��fm��m
å~�, 
1 2 ��1 3 �!1 3 ��1 4 ��
�måÑO�, ù
ª³� Davis � [4] 9 Noonan

� [5] �$U>fû� (LEED) Ú Lind � [6] �g^
4z$U>fû� (SP-LEED) �¢�(JÄ��
�. lL 2 �±wÑ�©�O�� ∆d12 � LEED

Ú SP-LEED �¢��3ê�þ����õ, ∆d23

' LEED �(J���õ, �� SP-LEED �¢
���~�C. �©� ∆d12 �Ù¦1�5�n
X FLAPW[18] 9 PPPW[19] �O�(J��, ∆d23

9 ∆d34 � FLAPW[18] �O�(J��, 
 Rodach

� [19] ^ PPPW O�� ∆d23 ��� ∆d34 �K�,

��©^ PPPW 9 Da Silva � [18] ^ FLAPW O�
�(JØ��. �
�²���{Xi\�f{
£EAM¤[20] �,é1 1, 2 �må ∆d12 ��éµ
þ��Ñ�¢��C�(J, �1 2, 3 �må ∆d23

��éµþ�%�¢�91�5�n�(J��,


?��k�0�nØ (EMT)[21] �,3ª³þ�
¢�91�5�n(J��, ��éµþ�%�§
���é�.

l Cu (110) L¡�O�(J©Û,·��Ù/
uy���µþy�, =�mµþU − + −+ �5
ÆCz, ù«�Oµþ�1�3 Cu (100) Ú (111)

L ¡ ¿ v k * 	 �. Cu (110) L ¡ � f µ þ �
A�X�ê�O\
Åì~�, = |∆dn,n+1| >

|∆dn+1,n+2|, é Cu (100) Ú (111) L¡�kÓ��
5Æ, �du¢�^��ØÓ, 3¢�þ¿vk�
Ñ���(J, X Davis � [4] Ú Noonan � [5] ÿ
� Cu(100) L¡1 2, 3 �m�µþþ'1 1, 2 �m
��, 
Ù¦¢�ÿ�1 1, 2 �m�µþþ� [6−8].

lL 2 ��±wÑ Cu (110) L¡�µþ(J
� LEED �¢�(JÎÜ�éÐ, ¿�Ú Rodach

� [19] ^ PPPW 9 Da Silva � [18] ^ FLAPW O�

(J��, � Ross � [22] Ó�^ FLAPW 9�²�
� EAM[20,23] Ú EMT[21] {O�¤�(J�¢�
9·��O�(J����.

é Cu (111) L¡,·�uyL¡A�Ñ´�S
µþ�, =�mµþ� − − −, �©z [17,19] �(
J��, � Da Silva � [18] ^ FLAPW �� − − +

�(J.·�¤�L¡��µþ� LEED ¢�ÿ�
(J�C [10,11], ���~$U>fû� (V-LEED)

¢��Ñ�L¡��	µþ [12] �(Ø��. Ó�
�²�� EAM[20] Ú EMT[21] {é Cu(111) L¡O
�¤�(J�¢�9·��O�(J����.

'� Cu (100), (110), (111)3 �L¡uy, L¡
��f�SÂ ©O� 0.06, 0.13, 0.02 Å, �éµ
þ��−3.14%, −10.5%, −1.02%, L² Cu (110) L
¡�f�µþþ��, (100) L¡g�, (111) L¡�
�.

3.3 LLL¡¡¡UUU999(((���­­­½½½555

L¡U´¬N3	å�^e)nä�¤ü�
�Ã�¬N�ü L¡�f½ü ¡È¤I�U
þ. �¬�.�L¡UO�úª�

Esurf =
1
2

[
Eslab − NslabEbulk

]
½

Esurf =
1
2s

[
Eslab − NslabEbulk

]
,

ª¥ Eslab �µþ��¹ü�L¡��¬�.oU
þ, Ebulk �¬NSz��f�Uþ, s�`z�.
�L¡¡È, é (100), (110), (111) 3 �L¡ s ©O
� 6.492 Å2, 9.181 Å2, 5.622 Å2. 3d�.¥L¡U
´�¬�ê Nslab �¼ê, �·�uy� Nslab �
��½�ê�, L¡U�X�ê�O\UC�~�,

=L¡UÂñ����½�,·�'� Cu (100) L
¡ 11 �� 7 �!Cu (110) L¡ 13 �� 9 �!Cu

(111) L¡ 11 �� 7 ��.�L¡UO��uy�
��~�, ¤± 7 �!9 �!7 ���¬�.v±
£ã (100), (110), (111) L¡���5�.

�©L¡U�O�(J�3L 3 ¥,�
'�,

L 3 ��Ñ
Ù¦1�5�n�{!�²��{
9¢�ÿ��(J. lL 3 ��,·�^ PPPW O
�� Cu 3 �L¡�L¡U� FLAPW �{ GGA

C q O � � L ¡ U � � ~ � C, 
 FLAPW �
{ LDA CqO��L¡U' GGA CqO��
� [24,25]. Rodach �^ PPPW �{ LDA CqO�
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�L¡U [19] '·�^ GGA CqO���, ù
´Ï� LDA Cq��¬Lp�O7á�(ÜU,

N�þ9L¡U©Skriver � [26,27] ^�5�f¥
;��{ (LMTO) � LDA CqÚ GGA CqO
��L¡UÑ��, 
�²��{X EAM O�
�L¡U�� [28], ;åP (TB) O��L¡U�
�� [29]. Ú¢�� [13,14] �', �©O�� Cu

(100) L¡�L¡UÑ$�
, ùÌ�´du�©
O��L¡Uvk�Ä§Ý�K�. du Cu (111)

L¡U�$, Cu (100) L¡U�p, Cu (110) L¡
U��, Ïd Cu (111) L¡�­½, Ù¹5��;

Cu (100) L¡g�; Cu (110) L¡�Ø­½, Ù¹
5�p. ���Ñ�´, l1�5�nO�¤�
� Cu (111), Cu (100) � Cu (110) �L¡UCzª
³ E(111):E(100):E(110) = 1:1.091:1.150 �æ^9
åÆ - OzÆ�{��� E(111):E(100):E(110) =

1:1.115:1.021 �' [39], �,ê���Ø�, �Cz
ª³%Ø���Ó. 9åÆ - OzÆ�{ýO FCC

7á (100) L¡�¹5�p, 
l1�5�nO�
�(J%L²L¡¹5�p�´ Cu (110) L¡.

l FCC 7áL¡�f�ü§Ý5w, 1�5�n
O�(J�\ÎÜ¢S�¹.

L 3 Cu (100), (110), (111) L¡�ü��f�L¡U

�{ ©z Cu (100) Cu (110) Cu (111)

eV Jm−2 eV Jm−2 eV Jm−2

PPPW(GGA) �© 0.622 1.532 0.926 1.614 0.493 1.404

FLAPW(GGA) [24] 0.603 0.901 0.469

FLAPW(LDA) [25] 0.81 1.25 0.62

FLAPW(GGA) [17] 0.50 1.41

LAPW(LDA) [17] 0.64 1.92

PPPW(LDA) [19] 1.712 1.846 1.585

MTO(LDA) [26] 0.85 2.09 1.33 2.31 0.69 1.96

LMTO(GGA) [27] 0.906 2.166 1.323 2.237 0.707 1.952

EAM [28] 1.288 1.181

TB [29] 0.748 1.121 0.581

¢� [13] 1.77

¢� [14] 1.83

3.4 LLL¡¡¡������ÝÝÝ

�
�« Cu ¬NØÓL¡(�­½5�É
�>fÅ�, �©é Cu ¬N9ÙL¡�.�>
f��Ý (density of states, {P� DOS) ?1
©
Û, Xã 2 Ú 3 ¤«. ã 2(a) � Cu ¬N�o>f
��Ý9 s, p, d ©Å>f��Ý, ã 2(b), (c), (d)

©O� Cu (100), (110), (111) L¡�o>f��Ý
9ØÓ�f��Û�>f��Ý. ã 3� Cu ¬N
9 (100), (110), (111) L¡3 Fermi U?NC�>
f��Ý DOS,�
«©·�^o¢�L« Cu ¬
N9Ù s, p, d ©Å>f��Ý, 
 Cu (100), (110),

(111) L¡�>f��Ý­�þ�k�L5�A�
êâ^ØÓ�ÎÒ?1I£.

lã 2(a) ��: Cu ¬N¥�Ü©>f©Ù
3 Fermi U? (ã¥J�¤«, Fermi U? EF ��
®�� 0) ±e, Ùd>f��ÝÌ�d 3d, 4s � 4p

(dÜ© 4s >f=£¤�) ©Å��Ý�¤, Ù¥ý
�Ü©� 3d >f�z (Ï� 3d ;�W÷
 10 �>
f), −1 eV ±þ�°�UYBL Fermi U?, L²

 Cu ¬N�7á5. ��	�«>fé Fermi U
?NC��Ý��z,·�±Ñ
 Cu ¬N3 Fermi

U?NC�>f��Ý, Xã 3 ¥o¢�¤«. �
±²w/wÑ, 3 Fermi U?NC, Cu ¬N�>>
f´d s, p, d >f�Ó�z�, �U s, p, d �gS
�gO\©

�ã 2(a) L«� Cu ¬N� sum ­�3 Fermi

U?±e�¸ 1, 2 Ú 3 �', ·�uy3ã 2(b),

(c), (d) ¥L«� Cu (100), Cu (110), Cu (111) L¡
éA�pU«¸ 1 ,p, 
$U«�¸ 2 Ú 3 ü$,

cÙ´m�� Cu (110) Ú Cu (100) L¡. �´ù

3pU«>f��Ý�O\Ú$U«>f��Ý
�~�¦L¡(�?u'¬N(�Uþ�é�p
�G�, Ï
Ñy
L¡U, 
ÙO~��éÌÝ
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Kû½
L¡U��é��!­½59¹5. �l
ã 3 ¥ 3 � Cu L¡� Cu ¬N (sum ­�) 3 Fermi

U??���Ý�'�uy, Cu (111) L¡�d>
f��Ý' Cu ¬N�p, 
 Cu (100) Ú (110) L¡
�d>f��Ý' Cu ¬N�$, L² Cu (111) �
üL¡��>5Or, 
m�� Cu (100) Ú (110)

L¡��>5~f. du Fermi U?´W¿ (½Ó
â) >f��pUþ, �Ò´` Fermi U?±e�

��>f�Óâ� (occupied state), 
 Fermi U?
±þ����Óâ� (unoccupied state). ã 3 ¥ Cu

(111) L¡�d>f��Ý­�3 Fermi U?±e
l −1 � 0 eV pUþ«��È©¡È (0.344) �
u Cu (100) Ú (110) L¡�d>f��Ý­�e
éA«��È©¡È (©O� 0.357 Ú 0.381), �L
² Cu (111) L¡?upUþ�>f��, (�­½
5�p©

ã 2 Cu ¬N9 (100), (110), (111) L¡�>f��Ý DOS

?�Úé 3 � Cu L¡ØÓ�f��Û�>
f � � Ý ' � u y: L ¡ � � f (layer-1) � Û
�>f��Ý�éu¬NS�f (�ã 2(a) ¥
� sum) 9S��f (layer-3) u)
é��Cz,

$U? −4 eV ?�>f��Ý¸��; �pU

? −3 eV ?�>f��Ý¸Ø
 Cu (111) L¡�
ÌO\	, Cu (110) Ú Cu (100) L¡�A���;


pU? −1.7 eV ?�>f��Ý¸ÑO�, O�
�ÌÝ�g�: Cu (111) �� 0.9 eV−1, Cu (100) �
� 1.5 eV−1, Cu (110) �� 1.9 eV−1, ù� 3 �L¡
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�L¡��f�Â §Ý��, =`²L¡��µ
þ��, ¤éA�>f��Ý�Cz��. 3 Fermi

U??, L¡��f�Û�>f��Ýpu¬NS
�f9S��f. w,, �´ù
L¡�>f��
Ý�CzÚå
ØÓL¡(�­½5��É. ?�
Ú'�ØÓ�f�Û�>f��ÝØJwÑ, éL
¡>f(�E¤K��Ì�´ layer-1 Ú layer-2. '
� layer-2 � layer-3 �Û�>f��Ý��, layer-2

���f�?u�p�>fU�, Ï
�äk�p
�¹zUå, Ïdù�´9åÆ - OzÆ�{ØU
O(ýÿØÓL¡(�­½5����Ï.

ã 3 Cu ¬N9 (100), (110), (111) L¡3 Fermi U?NC�
>f��Ý DOS

4 ( Ø

æ^Äu DFT �1�5�n�³²¡Å�

{é Cu ¬N��f(�ëê!>f��Ý9
Ù Cu (100), (110), (111) L¡��f(�!L¡
U!�L¡� Cu �f�µþA5Ú>f��
Ý?1
XÚïÄ. (JL²: Cu ¬N�²ï¬
�~ê a0 = 3.603 Å!(ÜU Ec = 3.749 eV!
N�þ B = 142.759 GPa, ÚÙ¦1�5�nn
ØO�9�«¢��(J��; Cu (100), (110),

(111) L¡�L¡U�Ù¦1�5�nO�9¢
��(JÑ'�ÎÜ, ÙL¡U���^S�:

E(111) < E(100) < E(110), �A�(�­½5�:

Cu (111) L¡�­½, Cu (100) L¡g�, Cu (110)

L¡­½5��. L¡�fµþ�A�X�ê
�O\
Åì~f, =

∣∣∆dn,n+1

∣∣ >
∣∣∆dn+1,n+2

∣∣,
Ù¥ Cu (110) L¡��L��f�éÂ ��,


 Cu (111) L¡��L��f�éÂ ��, Cu

(100), Cu (110), Cu (111) L¡A��µþ5Æ©
O (− + +)!(− + −+)!(− − −). é Cu ¬N9L
¡�>f��Ý©Ûuy, Cu � 3 �L¡�L¡
��f�µþ�L¡�>f��Ý�Cz�éA,

ÙL¡����ÝÅ¸�é Cu ¬N3d>f«C
ÄCp, Ù¥ Cu (110) L¡�Cz��, 
 Cu (111)

L¡�Cz��, é��L¡, '�ØÓ�f�Û
�>f��Ýuy, éL¡>f(�E¤K��Ì
�´L¡� Layer-1 ÚgL� Layer-2. Layer-2 �
��f�?u�p�>fU�, Ï
�äk�p�
¹zUå. L¡>f��Ý�éNS�Cz¦L¡
äk¹5, 
L¡�ÜA5��ÉKû½
ØÓL
¡(�­½5�p$.
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First-principles analysis of properties
of Cu surfaces∗

Shu Yu Zhang Yan Zhang Jian-Min†
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Abstract

Using first-principles pseudopotential plane wave method, the energy, atomic geometry and electronic density of states of FCC Cu

crystal and its (111), (110) and (100) surface models were calculated and analyzed. According to the calculated results of the surface

energy, the structural stability of the Cu surfaces increases for Cu (110), Cu (100), Cu (111) surfaces successively. The relaxation extent

of the surface atoms decreases successively with the increasing the number of the layers. For the inwards relaxation of the surface layer

atoms, Cu (110) surface moves maximum, Cu (100) takes second place, Cu (111) surface moves least. It was found that the relaxation

of the surface atom layers not only causes the change of geometrical structures of the surface models but also leads to the change of

peak contour of density of states (DOS) of surface layer atoms comparing with crystal inside. The increment of the total energy caused

by these change is the main reason of the surface energy. And that the Cu (110) surface having higher activity than that of Cu(111) and

Cu(100) surfaces may be attributed to its apparent rising of the surface layer atoms DOS in the high energy level.

Keywords: Cu crystal, surface structure, surface energy, density of states
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