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|^×£��w�ºÚ×£��Ì (STM/STS) 9ü�föp, XÚïÄ
ü���f (Co) 9Ùìq3 Rh
(111) Ú Pd (111) ü«L¡�áNÚg^>fÑ$5�. uyü� Co �f3 Rh (111) þkü«ØÓ�½áN
 , ©OéAu hcp Ú fcc � , ¦��pÝ²wØÓ, 3�k�öpeü� Co �f�±3ü«áN �m�p=
z. 3ùü«áN �ü� Co �f� STS Ì�¤�¡NCÑ�3éwÍ�¸/(�, ²©Û@� Rh (111) L¡ü
� Co �f?u·d«, Ïdù�¸(�´ d ;���ÚCB���Ó�^�(J. éu Rh (111) L¡þ� Co �f
�àNÚnàN, Ù¤�¡NCvk*ÿ�wÍ�¸, ù�U´du�fm^���p�^Ú�fm;�,zÚå
�NX��ÝUC¤�Ó��. � Rh (111) L¡ØÓ, 3 Pd (111) L¡áN�ü� Co �fKLyÑþ��pÝ. ¿
�éu Pd (111) L¡¤kü� Co �f9Ù�àNÚnàN, 3Ù STS Ì�¤�¡NCþ�&ÿ�wÍ�>f(
�, L² Co �fáNu Pd (111) L¡äk� Rh (111) L¡þØÓ��f-�.�p�^�g^>fÑ$5�.

'�c: ��f, Rh (111), Pd (111), ×£��w�º

PACS: 36.20.Kd, 81.16.Ta, 68.37.Ef

1 Ú ó

÷*á��^5��þ5uÙ¥�*â
f (X�f!>f�) �^Ý¤LyÑ��N�
A. �X�ÆEâ�uÐ, ¤ïÄ�>fì�Úg
^>fì��º�®²�C�fºÝ. Ïd, �¢
yº����>fg^ì�½þfì�, I�l
�*ºÝþ&¢Ún)ü�½�êA��f�^
5!g^�9Ù�'�>f�g^Ñ$5�. ×£
��w�º (STM) ���«rkå�L¡©Û¤
ì [1−5], Ø
äk�p�©EÇ�	, �U
�B
/?1�föp. ÏdØ��±^5ïÄL¡áN
�ü�^5�f�>fÆ5�, XCB�A (Kondo
effect)[6−12]!^��É5U [12−14] �, ��±^
5�E�fìq, ¿ïÄ^5�f�m��p�
^ [14−18]. � (Co) ���«��^5�f®²�

2��ïÄ, ü� Co �f3��±ÏL¥� 1B x
7á Au, Ag Ú Cu L¡ÑäkCB�A [6,8,10,11],
ÙCB§Ý3 50 � 100 K �m. 31 8 x��
^7áL¡þÜ©äk^��É5 [14,19−21]. 4d
Cc^LÞ7áX Ru, Rh, Pd �Ï3�
$�N
X¥AÏ�^51�äk��ïÄÚA^d
�, 3ù
7áL¡þáN�ü�^5�fKk�
ULyÑ�{ü7áL¡Ú 3d c^7áL¡�,
ØÓ�g^1�, k"Ñy#�y�Ú#��A.
�X, ·��C�ïÄuy3 Ru (0001) L¡�ü
� Co �fäkCB�A, CB§Ý�� 350 K[22],
'3þãB7áL¡�péõ. Rh Ú Pd ?u�
�±ÏL¥Ó�±Ï� Ru Ú Ag �m, ·�®
²��ü� Co �f3�æ� Ag (111) L¡�ä
kCB�A, CB§Ý�� 92 K[10]. �8c�v
ké Rh (111) Ú Pd (111) þ�ü� Co �f�>f
�(��¢���, ���kéÙìq�>f�5
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��¢�ïÄ. 3�©¥,·�|^ STM 9ÙÌÆ
�{XÚïÄ
ü� Co �f9Ùìq3 Rh (111)
Ú Pd (111) L¡�áNÚ>f�5�, �[?Ø

ü� Co �f3ùü«L¡þ¤�¡NC�>f
�, ¿�@£
3/¤ Co �fìq��¤�¡N
C>f��Cz.

2 ¢�L§

·�¤k�¢�Ñ´3 Omicron úi��p
ý�×£��w�º (UHV-STM) e?1� [23,24],
NX�ý��� 2×10−11 mbar (1 bar = 105 Pa),
STM ÿ þ � �§Ý� 5 K. 3 � p ý � e, ²
L 1000 eV Ð\�� Ar+ lfí�±9¯�ò
» � 1120 K, � E õ g, � � � g ò » � � ¯
�e%�¿§, �±��ZÀ� Rh (111) Ú Pd
(111) L¡. �¬e%�D\×£ �ü§� 5 K,
,�¦^>få�u3�¬L¡þ� $§
(∼ 10 K) �È�þ Co �f, UYü§� 5 K½
�?1 STM ÿþ. ÿþ¥¦^�¾�k´|^>
zÆ�{��, ,�²L Ar+ lfí��', ¿�
3 Au (111) L¡æ^>ØóÀ±9ËÄ��ª?
»���. dI/dV Ì´�½�k3,� ���'
4�", Ó�3��(>ØþU\���uÅ&
Ò (4 mV, 731 Hz), ��ÏL£���ì&ÿ>6
��g�Å���. ¤k� STM ã�Ñ´ð6�
ªe���. ü�föp´ÏL3ü�f��ý
ò STM �keS 0.2 � 0.5 nm (¢SeSål�û
uöpc�\� Ø��B>6, =½ :), ,�
£Ä�kÏLö�½í.��ª£Ä�f, ¿3£
Ä�¦�kpÝ8 , 5¢yé�f�öp�.

3 (J�?Ø

3.1 Co ��� fff 999 ÙÙÙ ììì qqq 333 Rh (111) LLL ¡¡¡
���áááNNN

Äk5wwü� Co �f3 Rh (111) L¡�á
N�¹, Xã 1(a) ¤«. 3ã¥uy��kü«Ø
ÓpÝ� Co �f, ·�©OIP� Co-a Ú Co-b,
Ù¥ Co-a Óý�õê, gdáN/¤� Co-b �
fé�. �ânØO� [21], ü� Co �f3 Rh (111)
L¡�½�áN ´ hcp � , Ùg´ fcc � ,
ùü� ��*Ñ³^�� 219 meV. Ïd·�@
� Co-a Ú Co-b ©O´3$§�áNu hcp � 

Ú fcc � �ü� Co �f, du*Ñ³^��, ù
ü� ��áNÑ´�½�, �´?u�½á
N � Co �f�õ. duáNu fcc � � Co �
f'áNu hcp � � Co �fålL¡�� [21],
Ïd Co-b 3 STM /mþLy��p��. ·��
ä��� Co-b ´,�«áN �ü� Co �f, 
Ø´gdáN�;�ü Co �àN, ndÌ�ke
�ü::

1�, |^ STM î�öpEâòã 1(b) ¥J
�ý�S�ü� Co �fí��å, �¤
Xã 1(c)
¤«�;�ü Co �àN.·�uy, �E��àN
'ã 1(c) ¥Ó���3� Co-b ���. 3ã 1(c)
¥� Co-a, Co-b Ú�àNn�âåþ, ÷J� 
�·�¼�
¦��¿¡Ó+ã, Xã 1(d) ¤«,
�� Co-a Ú Co-b �,��Ä���, �´ Co-b
' Co-a �p, �àN²w�' Co-b �p��. Ï
d·�@� Co-b ´,�«áN �ü� Co�f.

ã 1 ü«ØÓáN �ü� Co �fÚ�àN�pÝé'
(a) Co �f3 Rh (111) L¡�áN�¹, kü«ØÓpÝ�â
å, ©OI� Co-a Ú Co-b; (b) Ú (c) |^ STM î�öpò (b)
¥J�ý�S�ü� Co �fí��å/¤
 (c) ¥��àN;
(d) ÷ (c) ¥J� �¼�� Co-a, Co-b Ú�àNþ�¿¡Ó+
ã (×£^�� 1.5 V Ú 6 nA)

1�, 3¢�¥,·��égdáN/¤� Co-
b ?1
 STM öp, Xã 2(a) Ú (b) ¤«, ò (a)
¥J��S� Co-b íÄ��, ·�uyÙ�ÝC

173601-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 17 (2012) 173601

ã 2 |^ STM î�öpEâòü� Co �f3ü«ØÓáN
 �m£Ä (a) Ú (b) ò Co-b £ÄC¤ Co-a; (c) Ú (d) ò Co-a
£ÄC¤ Co-b

¤ÚgdáN� Co-a ��, Xã 2(b) ¤«; ,	,
ÏL STM öp�U¦pÝ�$� Co-a C¤�p
� Co-b, Xã 2(c) Ú (d) ¤«. ��, Co-a Ú Co-b
�mU
ÏL STM öp£Ä ����p=�,
�\`²
 Co-b ´,�«áN �ü� Co �f.

3.2 Co ���fff999ÙÙÙìììqqq333 Rh (111) LLL¡¡¡���
>>>fff���

3��
L¡þ��âå�8á��, ·�
^Ó��ZÀ�kæ8�
ã 1(c) þ��. Rh,
Co-a, Co-b ±9�àNþ� dI/dV Ì, Xã 3(a) þ
�Ü©¤«. 3¤�¡NC, �k3�. Rh þ�Ì
¿Ã²wA�, 3 Co-a Ú Co-b þ�Ì%Ñk²
w�¸(�, ¿�ùü�¸� �Ú/G�k²w
«O. ,	���kG�e¼��Ó�ù
 ��
ÌÄ��´ù��A�, Xã 3(b) þ�Ü©¤«.
�´lùü��kG�e��àN�Ì5w, ¤�
¡NC�¸��
. Ïd,Co-b Ú�àN� dI/dV

Ì�ØÓ�?�Ú|±
·�þ¡éu Co-b ´ü
� Co �f��ä.
�
üØ�.��k��B�A�Z6, ¼

� Co �f9Ùìq���>f�&E,·�ò Co
�f9Ùìqþ� dI/dV Ì~�Ó���k3�
. Rh þ�Ì, Xã 3 ¥e�Ü©¤«. üX�l
ã 3 ¥ü� Co �fþ¸� �Ú/G5wé�´
CB��, �
á�Ùù�:, ·�^{ì�.5
[Üù
�Ø
�.þÌ�¸(�. Ø
�Ä��
�{ì�. [6,25,26]:

f(ε0, Γ, q) =

(
q +

ε − ε0

Γ/2

)2

1 +
(

ε − ε0

Γ/2

)2 . (1)

ã 3 Co-a, Co-b Ú�àN� dI/dV Ìé' (a) Ú (b) þ�Ü©: ü�ØÓ�kG�e¼���. Rh, Co-a, Co-b ±9�àN
� dI/dV Ì; (a) Ú (b) e�Ü©: Co-a, Co-b ±9�àN� dI/dV Ì~��. Rh þ� dI/dV Ì¤�
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·���Ä
~ê±9�5��µ, ��{ì�.
�[ÜúªXe [17,27]:

g(ε) = af(ε0, Γ, q) + bε + c, (2)

Ù¥ ε0, Γ Ú q ©O�CB���¸ !�¸�°
Ú/GÏf.

|^ (2) ª,·���[Ü
 12 �ØÓ� Co-a
þ�¸, ���{ì[ÜëêXL 1 ¤«. l[Ü
ëê�©Ù5w, ýéØ����, cÙ´�p�
° Γ �Ø�é�, �Ä�� 72 mV, �°���


 132 mV, ��� 60 mV. �'u Co �f3Ù¦
L¡�CB��Ä�þ3¤�¡þ [6,8,10,11], Co �
f3 Rh (111) þ�¸ �� –27 mV,  l¤�¡
��. Ïd,·��ä Rh (111) þü� Co-a �fþ
�¸¿Ø´{ü�CB��. ,�«áN �ü
� Co-b �fþ�¸l¤�¡��, �/Gþ�
�'ü� Co-a �fþ�k
Cz, Xã 3 ¤«, d
d�`²3 Rh (111) L¡�ü� Co �fþ&ÿ�
�¸¿Ø´{ü�CB��. e¡·�ò�?�Ú
�©Û.

L 1 Rh (111) þáN�ü� Co-a �fþÌ¸�{ì[Üëê

ëê 1 2 3 4 5 6 7 8 9 10 11 12 þ�

ε0/mV –25 –23 –30 –23 –33 –38 –35 –23 –26 –21 –23 –26 –27

Γ /mV 86 96 132 128 126 108 104 120 92 72 104 122 108

q 4 7 6 11 14 3 3 14 33 10 34 3 12

�âS�Ü�., �±ò^5,�©�±e
A � « � [28,29]: ε0/Γ � � � u –0.5 ��C B
« (Kondo regime),  ε0/Γ ��3 –0.5—0 �m�
�·d« (Mixed-valence regime), Ù¥, ε0 �^5
,���¿÷;�� �, Γ �;���p�°.
Jamneala �<3|^ STM é Au (111) L¡ Ni �
f?1ïÄ�, Q*	�
 Ni �f?\·d«�
y� [30], ¦��¢�uy3 Au (111) L¡ Ni �f
� d ;���� ε0 Ú Γ ©O� –36 ± 3 meV Ú 37
± 17 meV, Ïd�ä Ni �f3 Au (111) L¡þ®
Ä�?\
·d«. �, d ;���ål¤�¡
éC, �´¿vk���CB��U, ÏdCB
��Ly�3 d ;���þU\�p.(�, ¦�
|^ü�{ì�.U\��{ò Ni �f�CB�
�� d ;���©lm5. 3·��¢�¥, Co
�f3 Rh (111) þÌ¸��p�°�7á� d ;
�°ÝÄ��� (� 100 meV[31]), ��u s Ú p
;��°Ý [32], Ïd·�@�ù�¸(��U�
¹kü� Co �f��pÓâ� d ;���. l
ü�{ì[Üëê (L 1) �±wÑ, d ;� � ε0

Ú�p�° Γ �'� ε0/Γ �� –0.25, 3 –0.5—
0 �m, ù�ê�²w' Au (111) L¡� Ni �f
� ε0/Γ ���Cu 0, Ïd·�@�3 Rh (111) L
¡þ�ü� Co �f?\�
·d« [29,33], Ù¤�
¡NC�Ì¸´ d ;����CB���Ó�^
�(J. duCB§ÝéN´É d ;� ��K�,

d ;���C¤�¡KCB§Ý,p��, Ïd3
·d«^5�f�CB§ÝATép [28,29,34]. �
´du Rh (111) þü� Co �f� d ;���ål
¤�¡�C, ±�u?u¤�¡NC�CB��
U, Ïd3¢�þ·��*	�ü¸(�, ¿vk
Ñy©z¥ Au (111) L¡� Ni �fþÌ�p.(
� [30]. duCB��´¤�¡NCD�>f3^
5�fþ�=Ñ�¤Úå�, ¤±L¡áN�^5
�f�CB��°ÝÉ�kG�K��� [6]; �
´ d ;����B´^5�f d ;���k�>
f��ÝòÈ/¤, ¤± d ;���¸'�N´É
�kG�, XAÛ(��Û���Ý�K�, Ïd
L 1 ¥{ì[Ü¼�� 12 �¸�¸°Ú/GUC
��ATÌ�5gu�kG�é d ;���&ÿ
�K�.

3± �ïÄ¥, �ïó�öØ
'5ü�
^5�f3L¡�^51��	, �AO'5
3L¡áN�^5�f�p�C����p�
^ é u � f � � ^ 5 � K �, ù é ^ � ; á �
�ïÄkX����¿Â. Chen �<3ïÄ
¥Òuy [15], Co �f3 Au (111) L¡/¤;�
ü��àN��, ÙCB��¬����, ¦�
½5�)º�: �ü� Co �f�C��, du
¦� 3d ;�����U�)��p�^, ¦�
c^ÍÜ� Co �àN� d ;� � εd �l¤
�¡ [35,36], D�>f�^5�f�m� “s-d”
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��ÍÜ~ê J ∝ 1/[(εd − EF)(εd + U − EF)],
¤±�� J ~�; ^5�f�CB§Ýdú
ª TK ∝ |J |1/3 exp(1/J) û½, ¤± J �~�¦ Co
�àN�CB§Ýü$�$u¢�§ÝÃ{ÿ
þ�.  Wahl �<3 Cu (100) L¡�ïÄL² [17],
Co �àN�CB§ÝÚ^5�f�m���ÍÜ
~ê JCo−Co k', 3/¤;�ü��àN��, d
u?ur�c^ÍÜ«� (|JCo−Co| À T 0

K), l
/¤#�CB§Ý T dimer

K ≈ (T 0
K)2/|JCo−Co|[37], Ù

¥ T 0
K �ü�^5�f�CB§Ý, dd¦�;�

ü Co �àN�CB§ÝC�$u¢�§ÝÃ{
ÿþ�. þãïÄ�Ñ
?uCB«�^5�f/
¤;�ü Co �àN��CB�ACz�¹9Ù
)º, @oéu?u·d«�^5�f3/¤;
�ü� Co �àN�Ù>fÑ$5�´XÛCz
�Q?
·�3¢�¥uy, Ú Co �f3 Au (111)

Ú Cu (100) L¡/¤;�ü Co �àN��, Co �
f3 Rh (111) L¡/¤;�ü Co �àN��CB
�����
. ã 3 ´·�|^ü�ØÓ��k
¼��ü� Co �fÚ�àNþ� dI/dV Ì, �±
w�, /¤�àN��, Ù>f�(�Cz²w, 3
¤�¡NC®²*	Ø�Xü� Co �fþ�¸(
�. ��du Co �f�m�^���p�^Ú;
�,z�K�, �àN� d ;���¸�l¤�¡,
¦�D�>f�^5�f�m� “s-d” ��ÍÜ~
ê J ~�, l���àN�CB§Ýü$�$u
¢�§ÝÃ{ÿþ�. ��, |^ Chen �<�*
:�±éÐ/½5)º·��¢�(J [15].

,	, ·��'5
 Co �f3 Rh (111) þ/
¤ Co nàN��>f��Cz. Xã 4 ¤«, ò
ã 4(a) ¥�n� Co-a í��åÒ�¤
 (b) ã¥
�n�/�ünàN(�. ·�uy, 3�Ø�
. Rh þ� dI/dV ÌK���, n�/�ünàN
� dI/dV Ì3� –0.3 V Ú 0.15 V ?Ñy
ü�
¸, Xã 4(c) ¥e�ç��J�¤�.·�@�¦
�©O´n�/�ünàN��pÓâÚ�$�
Óâ� d ;�, ��du Co �f�m��p�
^q¦�n�/�ünàN� d ;�#£Ä�
¤�¡NC, Ïd�U¦�CB§ÝO� [28]. �
´éuc^ÍÜ�n�/�ünàN5`, ÙC
B§Ý�n�/�ünàN¥�f�m���
�p�^ JCo−Co �²�¤�' [38], = TTrimer

K ∼
(T 0

K)3/J2
Co−Co, Ù¥ T 0

K �ü�^5�f�CB§
Ý. Ïd, dun�/�ünàN¥ Co �f�m�

�'é, ¦�CB§ÝC�Ã{ÿþ�. Ïd,·
�@� Ru (111) L¡�;�ü�àNÚn�/�
ünàN¥�*ÿ�¤�¡NC�¸/(��U
´du�fm^���p�^Ú�fm;�,z
Úå�NX��ÝUC�Ó���.

ã 4 n�/�ü Co nàN�öp¼�±9� Co-a �f
� dI/dV Ìé' (a), (b) |^ STM î�öpEâ�EÑn
�/�ünàN; (c) �. Rh, Co-a ±9n�/�ünàNþ
� dI/dV Ì, ã¥e�ü^�� Co-a �f±9n�/�ün
àNþ� dI/dV Ì~��. Rh þ� dI/dV Ì¤�

3.3 üüü��� Co ���fff333 Pd (111) LLL¡¡¡���áááNNN

�3 Rh (111) L¡�ü� Co �fØÓ, ü
� Co �fáN3 Pd (111) L¡þ��Ý��Ñ
éþ!, Xã 5 ¤«, vkuyÙ¦�Ý�ü� Co
�f, �é�kg,áN/¤��àN. ,	, 3
ã 5 ¥�ý�J�µS, uy�
ü� Co �f*
Ñ/¤�è,, ��ü� Co �f3 Pd (111) L¡
�áN¿Ø´é½, 3�k�×£K�eÒ�±
u)*Ñ. �ânØO�©Û [21], 3 Pd (111) L¡
þ Co �f�½�áN ´ hcp � , Ùg´ fcc
� , 3 hcp � Ú fcc � �m�*Ñ³^pÝ
�� 128 meV, ��uü� Co �f3 Rh (111) þ
�*Ñ³^pÝ (� 219 meV), Ïd3 Pd (111) L
¡�ü� Co �f'3 Rh (111) L¡�N´É�k
K�u)*Ñ.
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ã 5 ü� Co �f3 Pd (111) L¡�áN. ã¥ý�J�µ¥
IP Co �f3L¡�*Ñ

3.4 Co ���fff999ÙÙÙìììqqq333 Pd (111) LLL¡¡¡���
>>>fff���

|^ STM öp,·��±<�/3Ó�� Pd
(111) ²�þÓ��EÑ;�ü�àNÚn�/�
ünàN, L§Xã 6 ¤«. 3×£�L§¥, ·
�uy, 3�k�K�e, Ø�´ü� Co �f¬
aC, �àNS� Co �f�¬��kâ,£Ä, X
ã 6(b) ¥ý�/J�µS¤«.

^Ó���k3ã 6(d) ¥��. Pd!ü� Co
�f!;�ü�àN±9n�/�ünàNþ, ©
O¼�
¦�3¤�¡NC� dI/dV Ì, Xã 7(a)
¤«. ·�uy, 3¤�¡NC¤k Co �f9Ù

ìq� dI/dV ÌÄ�þÚ�. Pd �ÌA���,
¿ÃwÍ�>f�(�. �
�yù�A:, ·�
�¼�
,	ü��kG�e� Co �f!;�
ü�àNÚn�/�ünàNþ�Ì, Xã 7(b)
Ú (c) ¤«, ��¦�E,Ú�. Pd þ�ÌA��
�, vk*ÿ�wÍ�>f�(�. ���U��
Ï´ Pd (111) L¡�ü� Co �f�CB§Ý$u
·��¢�§Ý (5 K), Ïd3¢�¥Ã{&ÿ�
�A�CB��. /¤ìq���U¦CB§Ý
�$ [28,38], Ïd3 Pd (111) L¡þ� Co ìqþ�
\Ã{&ÿ�CB��.

ã 6 |^ STM î�öpEâ3Ó�� Pd (111) �¡þÓ�
�EÑ;�ü�àNÚn�/�ünàN�L§. ã¥ý�J
�µ¥IP� Co �fÚ�àN£ÄÚå�×£ã�aC

ã 7 n«ØÓ�kG�e¼���. Pd!ü� Co �f!;�ü�àN±9n�/�ünàN� dI/dV Ì. ã¥e��
��A�fÚìqþ� dI/dV Ì~��. Rh þ� dI/dV Ì¤�
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4 ( Ø

nþ, ÏLXÚïÄü� Co �f9Ùìq
3 Rh (111) Ú Pd (111) L¡�áNÚ>fÆ5�,
·�uyü� Co �f3 Rh (111) þkü«ØÓ�
½áN , ©OéAu hcp Ú fcc � , §��p
Ý²wØÓ, 3�k�öpeùü�áN ��ü
� Co �f�±�p=z. ùü«áN �ü� Co
�f3¤�¡NCÑkéwÍ�¸(�, ²©Û·
�@� Rh (111) L¡ü� Co �f?u·d«, ù
�¸/(�´ d ;���ÚCB���Ó�^�
(J. éu Rh (111) L¡þ� Co �f;�ü�à
NÚn�/�ünàN, Ù¤�¡NCvk*ÿ�

wÍ�¸, ù�U´d�fm^���p�^Ú
�fm;�,zÚå�NX��ÝUC�Ó��
�. 3 Pd (111) L¡þ, ü� Co �f��ÚpÝþ
!, ¿�3�k�K�e�±3L¡*Ñ£Ä. �
3ü� Co �f!;�ü�àNÚn�/�ünà
N STS Ì�¤�¡NCþ�*ÿ�wÍ�>f(
�. l�©ó��±wÑ, ^5�f3 4d Cc^7
áL¡�^59g^��B7á (X Au, Ag �) L
¡kwÍØÓ. �ó�¥�Ñ
 Co �f3ùü«
L¡�×£��Ì9©Û,·�Ï�éuù�NX
k�õ�ïÄó�X X ��^��Ú (XMCD)!
1�5�nO���ïÄ�©Û, ?�\�« 4d
7áL¡^5�f�^59Ùg^Ñ$5�.
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[17] Wahl P, Simon P, Diekhöner L, Stepanyuk V S, Bruno P, Schneider
M A, Kern K 2007 Phys. Rev. Lett. 98 056601

[18] Neel N, Kroger J, Berndt R, Wehling T O, Lichtenstein A I, Kat-
snelson M I 2008 Phys. Rev. Lett. 101 266803

[19] Gambardella P, Rusponi S, Veronese M, Dhesi S S, Grazioli C,

Dallmeyer A, Cabria I, Zeller R, Dederichs P H, Kern K, Carbone
C, Brune H 2003 Science 300 1130

[20] Etz C, Zabloudil J, Weinberger P, Vedmedenko E Y 2008 Phys.
Rev. B 77 184425

[21] Blonski P, Lehnert A, Dennler S, Rusponi S, Etzkorn M, Moulas
G, Bencok P, Gambardella P, Brune H, Hafner J 2010 Phys. Rev.
B 81 104426

[22] Feng W, Feng X Y, Zhao A D, Li B, Wang B, Hou J G, Yang J L
unpublished results

[23] Liu K, Wang B 2011 Acta Phys. Sin. 60 046801 (in Chinese) [4
*,�W 2011ÔnÆ� 60 046801]

[24] Qiu Y F, Du W H, Wang B 2011 Acta Phys. Sin. 60 036801 (in
Chinese) [¤��, Ú©Ç,�W 2011ÔnÆ� 60 036801]

[25] Fano U 1961 Phys. Rev. 124 1866
[26] Madhavan V, Chen W, Jamneala T, Crommie M F, Wingreen N S

2001 Phys. Rev. B 64 165412
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Abstract
We investigate the adsorption and electronic properties of single cobalt atoms and clusters adsorbed on Rh (111) and Pd (111)

with scanning tunneling microscopy and scanning tunneling spectrum (STM/STS). It is found that there are two apparent heights for
individual cobalt atoms on Rh (111), corresponding to Co atoms adsorbed hcp and fcc hollow sites. The Co atoms on both sites exhibit
a notable peak near the Fermi energy, and the two peaks have a slight difference in peak shape. By fitting the dI/dV spectrum to
the Fano lineshape, we find that the peak cannot be simply ascribed to the Kondo model. The peak position and full width at half
maximum of the peak suggest that the magnetic impurity is in the mixed-valence regime rather than in the Kondo regime. And the
peak can be interpreted as a combination of the Kondo resonance and bare d resonance. For Co dimers and trimers on Rh (111), there
is no observable feature in their dI/dV spectra near the Fermi level. This is speculated to be due to the magnetic exchange interaction
and orbital hybridization between Co atoms. For Co single atoms adsorbed on Pd (111) surface, only one apparent height is found,
suggesting that it is due to a different interaction from Co on Rh (111) surface. We do not find notable feature near the Fermi level in
the dI/dV spectra of all Co monomers, dimers and trimers.
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