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�©¦^Äu�Ý�¼nØ�1�5�n�{ïÄ
 Co �, TiO2 D^��N¥�� éNXUþÚ^5�
K�. ÏLéoUþ�O�uy�Ú\�� �C�,�NXUþpuþ!�,NX, Ó��� ´3 Co C� 
�L8. ?
uy�� ��39ÙÓ �±K� Co lfm�^��, C� Co lfNXe�� �Ú\¦ Co l
fm�c^ÍÜ~f; �C� Co lfNXe, .¡�� ¦ Co lfm¥�c^ÍÜ
º:�� ¦ Co lfm¥
c^ÍÜ. o�, �� ��3é Co �, TiO2 á��Uþ9^5Ñk��K�.

'�c: D^��N, �� , V��

PACS: 75.50.Pp, 75.30.Hx, 61.72.jd

1 Ú ó

D^��N (DMS) á�ÏÙ3g^>fÆì
�¥äk4��d3A^d�
É�2��'5,
[1] �Ð�2�ïÄ�´LÞ7á�,� Si, Ge �
ü���N½ II-VI x9 III-V x�zÜÔ��Ná
�, ùaá�3�\ Mn �LÞ7á,��¬3$
§eLyÑ^5, Ï
��nØÚ¢��2�'
5 [1−3]. ,
ùaá�Øp§Ýþ$u¿§, 
¼
�¿§c^5´ DMS á�U�±2�A^�'
��� [4]. 2001 c, Matsumoto �<3 Co �,�
bv¶ TiO2 á�¥uy
Øp§Ýp� 400 K �
c^5 [5], 
�ÏL¢�Ãã3õ«LÞ7á�
,� TiO2 á�¥Ñ*	�
¿§c^5 [6−8]. �
éùaá�¥¿§c^5�å
���UkéÐ
�)º. ¢�L²��  (VO) é�¿§c^5�
/¤äk­��^. ÏLUC)�½ò»L§¥
��©Ø, �±N!�¬¥ VO �ßÝ, k¢��
Ñ Co �, TiO2 ��=3"��¸eò»�äk
¿§c^5 [9]. éuù�aá�¥�3�¿§c

^5´Äáu Co �,
�����^5ù�¯K
��3�Æ. Ü©ïÄuy Co �, TiO2DMS á�
äk�7á Co �C�^1�, ½3á�¥*ÿ�
� Co ìq�/¤, L²¿§c^5�U
uá�
¥/¤� Co ìq [10,11]; ,�
ïÄK@�3ä
k¿§c^5� Co �, TiO2DMS á�¥Ø�3
7á� Co[12,13]. Ø���¬	, �|�ÏL1Æ
2«�{)�
 Fe, Co �,� TiO2 ü¬�¬, Ø
äk¿§c^5	3$§e�uyäk^¬��
É5 [14]. ÏLÄu�Ý�¼nØ�1�5�nO
�Ãã, �±ïÄdaá�¥,�m���^Ån
±9 VO é^5�K�. Chen �<uy3 Fe �,
� TiO2 NX¥ VO ��3U
¦NX�c^��
��Or [15]. Ó�, Co �, TiO2 á��^5�É
� VO �4�K� [16,17]. VO �Ú\¦ Co4+ ��
�� Co2+ ½ Co3+, Ó� VO � �¬é Co lf
�>f��)K�, ?
��Ù^5�UC. du
�õê¢�L² Co �, TiO2 �¬¥� Co lf?
u +2 d½?u 0 dÚ +2 d·ÜG� [12,18,19], ¦
�é 1:1 ßÝ Co-VO ��,NXe,�m�^�
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�Ån?1ïÄ�	­�, 
± é Co lfm^
ÍÜ�ïÄþ�éØ¹ VO ½ VO ßÝ�$NX?
1, Ã{O(£ã +2 d Co lfm�^ÍÜ�¹.

3�©¥,·�é VO �Ú\��� Co lfm^�
��^�UC?1
�\�ïÄ.

2 O��{

·�O�¤æ^�^�´Äu²¡Å�³
� { � 1 � 5 � n O � ^ � VASP[20]. O � ¥
æ^
ÝK*¿Å (PAW) �³ÚÛ�g^�Ý
Cq (LSDA)[21]. O�¤æ^�²¡Å�äUþ
� 500 eV, >f�O�Âñ��½IO�ügg
UÌ�m�Uþ��u 1×10−6 eV. Ð©(���
¹ 32 � Ti lfÚ 64 � O lf� 2× 2× 4 7ù�
. TiO2 �¬�, �´�mæ^ 3× 3× 3 � Gamma-

Center k :. é��,�Ð©(�±9z��,(
�, ·�Ñ¦^�ÝFÝ�{?1
(�`z, ¦
z�lfÉå�u 0.01 eV/Å.

ã 1 7ù�. TiO2 (�, ç¥�L�lf, �¥�Lvl
f. i1 a, b Ú c �L Co lf�,� �, êi 1—7 �L�
"�/¤� �

7ù�. TiO2 á��¬�´äk P42 /mnm

(��o�¬�. ¬�¥�¹ u (0, 0, 0) Ú (1/2,

1/2, 1/2) ü� �� Ti lfÚ u (1 ± u, 1 ± u, 0)

Ú (1/2 ±u, 1/2 ±u, 1/2) �o� O lf. z� Ti l
f u8� O lf¤�¤�l¡N¥% �. Ù¥
ü� O lf� Ti lfm���Ñ�uÙ¦o� Ti

lf, ©O¡�º: O lfÚ.¡ O lf. ÏL`
z,·����¬�(�� a = 4.59 Å, b = 4.59 Å,

c = 2.92 Å, u = 0.304, ù�¢�ÿ��êâÄ�
ÎÜ [22]. º: O lfÚ.¡ O lf� Ti lf�

ål©O� 1.973 ÅÚ 1.938 Å. ÏLò�¬�(�
¥A½ �� Ti lfO�� Co lf±9£�A
½ �?� O lf, �±3�¬�¥Ú\ Co lf
Ú VO. 3O�¥�O�� Ti lfÚ�K� O lf
3ã 1 ¥©O^i1 a, b, c Úêi 1—7 ?1
I
£. �ïÄ Co lfm����p�^,·�3NX
¥Ó�Ú\ü�O�  Co lf; du3ù�NX
¥�U�3� Co lfÚ VO �Lõ, éJ��?
1O�, Ïd·���Ä
3 z ��þ Co ,�©
OO�����Úü���ål� Ti lfù�ü
�;.(�, P� (Coa, Cob) Ú (Coa, Coc), ¿3ù
ü�(��Ä:þ3 Co lfC� �Ú\ VO /
¤ Co2V 2

O (� ((Coa, Cob, VO) Ú (Coa, Coc, VO)).

ÏL'� Co2 NX��A� Co2V 2
O NX�Uþ!

>f�!^Ý©Ù5ïÄ VO éu Co lf>f�
±9ü� Co lfm���^�K�.

3 (JÚ?Ø

3.1 oooUUUþþþÚÚÚ������ÈÈÈ©©©

éù
NXoUþ�O�(JXL 1 ¤«.

3Ø¹ VO �, (Coa, Cob) NX�oUþ� (Coa,

Coc) NX$ 0.5eV, ; Ú\ VO �, (Coa, Cob, V 1
O, V 2

O)

Ú (Coa, Cob, V 3
O, V 4

O) NX�UþÑ�p, � (Coa,

Cob, V 5
O, V 6

O) NXäk�$�Uþ. (Coa, Coc, VO)

NXÑäk�$u (Coa, Cob, V 1
O, V 2

O) Ú (Coa,

Cob, V 3
O, V 4

O) NX�Uþ, Uþ�3 0.35eV ±þ.

ùL²3Ø¹ VO �, Co lfmU
ÏL/¤
,�éü$Uþ, 
3Ú\ VO �/¤,�éØ
¬�5Uþ�ü$; (Coa, Cob, V 5

O, V 6
O) NXäk

�$�Uþw« VO ´u3 Co lfC� �?
L8. ÏLé'c^�Ú�c^��Uþ, ·�
uy3Ø¹�"��, (Coa, Cob) NXäk��
���È© J = EAFM − EFM = 107 meV; 

�Ú\��k.¡ VO ½º: VO � ((Coa, Cob,

V 1
O, V 2

O) Ú (Coa, Cob, V 3
O, V 4

O)), J ü$� 43 meV

Ú 42 meV, Ú\ü��k.¡ VO � ((Coa, Cob, V 5
O,

V 6
O))J ü$� 7 meV. éuü� Co lfØ��C�

� (Coa, Coc) NX, �Ø�3 VO � J = 10 meV;

Ú\ØÓ �� VO �±�� Co ,�m?u�
c^½c^ÍÜ, (Coa, Coc, V 5

O, V 2
O), (Coa, Coc,

V 1
O, V 2

O) Ú (Coa, Coc, V 3
O, V 7

O) NXéA� J ©O
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� −11 meV, −2 meV Ú 7 meV. ù
Uþ�Cz�
Ú\ VO ¤���>f�UCk', Ïd3e©¥
·�ò(Ü��NX�>f�éù�y��¤Ï
���[�?Ø.

·�ò/¤U½Â�

ES(Co, VO) = E(ConTi32−nO64−m) + nµb(Ti)

−nµb(Co) − mµm(O)

−E(Ti32O64),

Ù¥ E(Con Ti32−n O64−m) �,NXO�¤��Ä

�oUþ, 
 µb(Ti), µb(Co) � µm(O) ©O� Ti, Co

� O �zÆ³, n«á��zÆ³©O½Â� hcp

(� Ti � Co ¬N9 O2 ©fzÆ�¸¥ü� Ti,

Co 9 O �f�Uþ, E(Ti32O64) ���,NXO
�¤��Ä�oUþ. O�(JXL 1 ¤«, d
u Co lf9 VO  �éNXoUþk��K�,

Co lf9 VO �é �ØÓ�NX�/¤U�k
���O. ¤kù
NXþäk�p�/¤U, L
²3 TiO2 á�¥�, Co lf9/¤ VO lUþ
þ5w¿Ø´­½�.

L 1 ØÓ � Co ,���"��, TiO2 NX�c^�Uþ!�c^�Uþ!o^Ý!Co �f^ÝÚé^5�z��� O Ú Ti �^Ý

Co � VO  � EFM/eV EAFM/eV /¤U/eV o^Ý (µB) Coa ^Ý (µB) Cob ^Ý (µB) O ^Ý (µB) Ti ^Ý (µB)

a, b — −914.662 −914.555 14.896 1.96 0.61 0.61 0.22 0.00

1, 2 −897.565 −897.522 21.517 2.32 0.84 0.84 0.18 0.10

3, 4 −897.293 −897.251 21.789 2.29 0.91 0.91 0.05 0.06

5, 6 −898.129 −898.122 20.953 6.00 2.30 2.30 0.10 0.02

a, c — −914.166 −914.156 15.392 1.93 0.64 0.64 0.04 0.01

5, 2 −898.042 −898.053 21.029 2.20 0.87 0.87 0.07 0.03

1, 2 −897.990 −897.992 21.090 2.06 0.82 0.82 0.06 0.01

3, 7 −898.029 −898.022 21.053 2.12 0.86 0.86 0.04 0.03

3.2 VO éééCCC���,,,���NNNXXX>>>fff���999>>>ÖÖÖ©©©
ÙÙÙ���KKK���

ã 2 � (Coa, Cob) NX9 ((Coa, Cob, VO) N
X�o��Ý� Co lf��Ý. duTNXeo
��Ý� Co lf��Ým����,·�ò Co l
f��Ý��
��±Bu*	. ã 2(a)� (Coa,

Cob) NX�o��Ý� Co lf��Ý, lã¥�
±wÑ, 3Ø�¹ VO �, Co lf¥ +4 d, >fW
¿G�� 3d5, t2g �u)
©�, ^ÝÌ�
g t2g
�ê���Óâ��Ç. du Co lf� t2g �ä
kÚ O lf� p ��C�Uþ, Co � Co �m�
±ÏL O lf��x0/¤V���^, ¦ù�
NX¥ Co ,�m¥c^ÍÜ�äk�����È
©. ã 2(b) Ú (c) ©O´ü� Co lfÓ�äk��
k�.¡Úº: VO ü�NX ((Coa, Cob, V 1

O, V 2
O)

Ú (Coa, Cob, V 3
O, V 4

O)) ���Ý. ü�NXäk�
q�>f�: ¤�¡ u��. �, Co4+ ���
� Co2+, t2g �� eg $U��g^õê|©���
Óâ, g^�ê|©3¤�¡ ��3�÷�. d
u Co l f� ÷ �� O lf >f� Uþ� å �O

ã 2 (a) (Coa, Cob) NXÚ (b) (Coa, Cob, V 1
O, V 2

O), (c) (Coa,

Cob, V 3
O, V 4

O), (d) (Coa, Cob, V 5
O, V 6

O) NX�o��Ý (J
�) ±9 Co lf©��Ý (¢�)

�, �� Co � O m>ÖD4C�(J, Ïd Co

lfm��ÍÜU�éØ¹ VO �k¤ü$. d

027503-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 027503

ã 2(d) ¤«� (Coa, Cob, V 5
O, V 6

O) NX��Ý�
±uy, du Co lfmü��Ó�C� O lf�
"�, ��¬|�î­»�, ¬|U$u���^
U¦ Co lfd$g^�=C�pg^�. (Coa,

Cob, V 5
O, V 6

O) NX¥ Co lf�>f�äk� (Coa,

Cob, V 1
O, V 2

O) Ú (Coa, Cob, V 3
O, V 4

O) NX�$�U
þ, = Co >f�� O >f�m�Uþ�ü$, �d
uü� Co lfm"� O lf��>ÖD4�x
0, ��ü� Co lfm�^ÍÜrÝ��ü$.

�ïÄ>Ö��m©ÙéNX^���K�,

·�O�
 (Coa, Cob) Ú (Coa, Cob, VO) NX¥U
þ��3¤�¡±e 0.5 eV �¤�¡ù�«mS
��m>Ö�Ý. ã 3� (110) ¡þù�Uþ«m
S�>Ö©Ù. dã 3(a) ¤« (Coa, Cob) NX>Ö
�Ý©Ù¥�±wÑ, �Ø�3 VO �, Co lf�
C� O lf¤?� �?>Ö�Ý��,  uü
� Co lf¥m� O lf �?>Ö�Ý²wp
uÙ¦o�C� O lf �, w«Ñ Co lf>f
�� O lf>f�mk�r�,z, Co lfm�
±ÏL O lf��x0/¤V���p�^, l


äk�r�c^ÍÜ. ã 3(b) ¤« (Coa, Coc, V 1
O,

V 2
O) NX>Ö�Ý©Ù¥, du VO �K�, Co l

fÚ VO ë����>Ö�Ý²wpu�ÙR�
���, 
 VO éý �� O lf>f�� Co /
¤�r�,z, >Ö�Ý��, 
,ü�.¡ O l
f �?>Ö�Ý©Ù��, w«Ñ>Ö�m©Ù
é�"� ��¯a5. 3ã 3(c) ¤« (Coa, Cob,

V 3
O, V 4

O) NX>Ö�Ý©Ù¥, du VO �Ú\�
� Co lf>f�Uþ� O lf>f�Uþ�å
O�, O �?�>Ö�Ý²wü$, L² Co � O

�m�,zü$, ùò�� Co � Co m���^
ü$. 
3ã 3(d) ¤éA� (Coa, Cob, V 5

O, V 6
O) N

X¥, �±wÑÚ\ VO � �= uü� Co l
f�m��m �?>Ö�©Ù'�p, >f�k
�U�ª³, ù¦�ü� Co lf�±ÏL���
�/¤c^ÍÜ, �duL��lfmå, ù��
��^�©�f. dd��, C� Co lf�¹e,

Co lf>f�� O lf>f�,z, ¿ÏL O l
f��x03ü� Co lfm/¤V���^´ü
� Co lfmäk�rc^ÍÜ�'�.

-4

-2

0

2

4

(a)Ti Ti

Ti TiTi

Ti

O

O

O

O
O

O

Ti TiCoCo

-4 -2 0 2 4
-4

-2

0

2

(c)Ti Ti

Ti TiTi

Ti

O

O

O

OO

O

Ti TiCoCo

(b)Ti Ti

Ti TiTi

Ti

O

O

OO

Ti TiCoCo

-4 -2 0 2 4

VO

VO

VOVO

(0 0 1) (0 0 1)

(1
1
0
)

-
(1

1
0
)

-

(d)Ti Ti

Ti TiTi

Ti

O

OO

O

Ti TiCoCo

ã 3 (a) (Coa, Cob) NXÚ (b) (Coa, Cob, V 1
O, V 2

O), (c) (Coa, Cob, V 3
O, V 4

O), (d) (Coa, Cob, V 5
O, V 6

O) NX¤�¡±e 0.5 eV �
¤�¡Uþ��S>f3 (110) ¡þ�©Ù ((c) ¥ VO  u (110) ¡	 Co lf�þ� �)
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3.3 VO ééé���CCC���,,,���NNNXXX>>>fff���999>>>ÖÖÖ
©©©ÙÙÙ���KKK���

éu (Coa, Coc) 9 (Coa, Coc, VO) NX
ó,

VO  �éNX^���K���E,. �Ú\
ØÓ �� VO �, Co lfm�U=C��c
^ÍÜ½�±c^ÍÜ. éìã 1 uy� VO  
u Co lf¤3�l¡N.¡ �� ((Coa, Coc,

V 5
O, V 2

O), (Coa, Coc, V 1
O, V 2

O))Co lfm¥�c^Í
Ü; 
� VO  u Co lf¤3�l¡Nº: �
� ((Coa, Coc, V 3

O, V 7
O))Co lfm¥c^ÍÜ. ã 4

� (Coa, Coc) Ú (Coa, Coc, VO) NX�o��Ý
Ú Co lf��Ý. ��3 VO �, (Coa, Coc, VO)

NX¥� Co lf�d�Ó�d +4 d��� +2

d. dã 4(b) Ú (c) ¥�±wÑ, 3 (Coa, Coc, V 5
O,

V 2
O) Ú (Coa, Coc, V 1

O, V 2
O) NX¥, � VO  u Co

¤3�l¡N.¡�, g^�ê�¥ eg $U�U
þpu t2g �, /¤ t62ge1

g G�, g^õê��g^
�ê�¥þØ�3�÷�, ÏdJ±/¤V��
�^ [23], ���¦ Co � Co �m¥�c^ÍÜ.


dã 4(d) ¥�±wÑ� VO  uº:�, du
º: �� O � Co �mäk���ål, g^
�ê�¥ eg $U�� t2g �Uþ��, Ïd eg $
U��Ü©Óâ, Ó� t2g ���)Ü©�Ç, /
¤ t6−δ

2g e1+δ
g G�. g^�ê�3¤�¡NC�3�

÷�¦� Co lfm�±ÏL O-Ti-O ?1>ÖD
4l
/¤c^V��ÍÜ. ± �ó���u@
�3ùaLÞ7á�, TiO2 á�¥ VO �Ú\�
�^5lfmc^ÍÜOr [15−17]; �·�?�Ú
�Ä�C� VO 3^5lf¤?�l¡N¥¤? 
��Cz�uy3A½�¹e VO �Ú\�U
�
�^5lfmc^ÍÜ�~f½¦^5lfmC
��c^ÍÜ.

(Coa, Coc) Ú (Coa, Coc, VO) NX^���É
�>Ö�Ý�m©Ù�K�. ã 5� (110) ¡þ¤
�¡±e 0.5 eV �¤ �¡ù�U þ��S�>Ö
�Ý©Ù, lã 5(a) ¥�±wÑ, �Ø�3 VO �,

(Coa, Coc) NX¥ Co lfC� O lf �?äk
���>Ö�Ý©Ù, ü� Co lf¥m� Ti lf
 �?äk�þ�>ÖÓâ. 
�Ú\ VO �, Co

C� O �>Ö�Ýü$¿é VO  ���¯a,

3ã 5(b) ¤« (Coa, Coc, V 5
O, V 2

O) NX>Ö�Ý©
Ù¥, �±w�duÓ���ü�C� O lfE

¤�¬|î­»�, uü� Co �m� Ti lf 
�?äk���>Ö�Ý. ¦+ O lf �?>Ö
â��ü$, � Ti  �?>ÖÓâ��ÑyüÓ
$
>f3ü� O lfmD4�³^, Ü©-�

 O lf� Co lfm,z~fé���^�5�
K�, ÏdNXE,äk���ÍÜU. 
é (Coa,

Coc, V 1
O, V 2

O) NX5`, Ti lf �?>Ö�Ý�
$, ¦ Co lfm�^ÍÜé�f (ã 5(c)). ã 5(d)

¤« (Coa, Coc, V 3
O, V 7

O) NX�w«
 Ti lf �
?äk���>Ö©Ù. dd�±uy, Co lf3
¤�¡NC�>f��Ý� uü� Co lf�m
� O-Ti-O  �?�>Ö�m©Ùéþ!©Ù Co

lfm���å'��^. ,����5¿�y�
´du VO �Ú\��¤�¡,p, 3 (Coa, Cob,

VO) Ú (Coa, Coc, VO) üaNX¥, �Ü©3 (Coa,

Cob) Ú (Coa, Coc) NXeÃ{�Óâ� Ti lf¤
?� �?Ñy
�½�>Ö�Ý©Ù, L² VO

�Ú\¦Ü© Ti lf����, ù�U´¢�¥L
¹�"���¬äk�$>{Ç��Ï [24].

ã 4 (a) (Coa, Coc) NXÚ (b) (Coa, Coc, V 5
O, V 2

O), (c) (Coa,
Coc, V 1

O, V 2
O), (d) (Coa, Coc, V 3

O, V 7
O) NX�o��Ý (J

�) ±9 Co lf©��Ý (¢�)

3.4 VO éééNNNXXXoooUUUþþþ���KKK���

VO éNXoUþ¤�)�K��±ÏL©Û
Ú\ VO �NX��Ý�Cz5(½. dã 2(a) ¥
�±wÑ, éu (Coa, Cob) NX, Co lf� t2g �
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u)3�, C� Co lfÏL O lf/¤,z�
���Óâ�Uþü$; 
ã 4(a) K�w«Ñ t2g
��)²w3�, =,�mØ�3�r�,z, Ï
d (Coa, Cob) NX�oUþ$u (Coa, Coc) NX.


dã 2(b), (c) ¥�±wÑ, � VO �3�, Co l
f� O >f�Uþ�O�, Co lfm�>f�,
z~f, 3 (Coa, Cob, VO) NX¥ Co � O /¤,
z��5�Uþü$k�,��¡, VO �Ú\�
� Co lf>ÖÓâêJp, �p�Û�>Ö�Ý
�� Co � O m�¥Õü½³Jp, �$�>f�
,zUþÂÃÚ�p�C�,�¥Õü½³��
äkC� Co lf(�� (Coa, Cob, VO) NX�o
Uþpu (Coa, Coc, VO) NX. dã 2(d) ¥�±w
Ñ, 3 (Coa, Cob, V 1

O, V 2
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CL8, Co lfÚ O lf�m�¥Õü½³��
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þ�éu (Coa, Cob, V 1

O, V 2
O) NXü$� 0.56 eV.

��5¿�´, du Ti lf �>Ö�Ý��,

3 (Coa, Coc, V 5
O, V 2

O) NXe, ü� VO  uÓ�
� Ti �C� �þ¿��5���Uþü$, L
² VO L8u Co C� ��Uk�ü$NX�
oUþ. ÏL±þ©Û,·�@��Ø�3�"�
�, Co lfm�±ÏL�þ,�/¤,�é5¼
��$�Uþ; 
3¹k�þ�"��, ,�é�
/¤Ã{�5�$�Uþ, 
¼��$Uþ�å»
´ VO 3,� ��L8. VO �L8��
,� 
�Û�(��UC, ´u¦ Co lfÛÑ¤�7á
ìq.
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� TiO2DMS 3$§e�Uäkc^5, �Á�¥
*ÿ��¿§c^5��U
g Co L8«�S
C� Co lfm����^½,����). lU
þþ5w, VO ��3��¡��NXÃ{ÏLC

� Co lf/¤,�éü$Uþ, ,��¡ VO ´u
3,�C� �L8, l
UC,�¤? ��Û
�(�, ��NX¥,�ìq�Ñy.

[1] Ohno H 1998 Science 281 951

[2] Park Y D, Hanbichi A T, Erwin S C, Hellberg C S, Sullivan J M,

Mattson J E, Ambrose T F, Wilson A, Spanos G, Jonker B T 2002

Science 295 651

[3] Lin Q B, Li R Q, Zeng Y Z, Zhu Z Z 2006 Acta Phys. Sin. 55 873

(in Chinese) [�¢�, o;�, Q[�, Á(§ 2006 ÔnÆ�
55 873]

[4] Coey J M D 2006 Curr. Opin. Solid State Mater. Sci. 10 83

[5] Matsumoto Y, Murakami M, Shono T, Hasegawa T, Fukumura T,

Kawasaki M, Ahmet P, Chikyow T, Koshihara S, Koinuma H 2001

Science 291 854

[6] Balcells L, Frontera C, Sandiumenge F, Roig A, Martı́nez B 2006

Appl. Phys. Lett. 89, 122501

[7] Wang Z J, Tang J K, Zhang H G, Golub V, Spinu L, Tung L D 2004

J. Appl. Phys. 95 7381

[8] Park W K, Ortega-Hertogs R J, Moodera J S, Punnoose A, Seehra

M S 2002 J. Appl. Phys. 91 8093

[9] Manivannan A, Glaspell G, Dutta P, Seehra M S 2005 J. Appl.

Phys. 97 10D325

[10] Kim D H, Yang J S, Kim Y S, Kim D W, Noh T W, Bu S D, Kim

Y W, Park Y D, Pearton S J, Jo Y, Park J G 2003 Appl. Phys. Lett.

83 4574

[11] Kang S H, Quynh H N T, Yoon S G, Kim E T, Lee Z, Radmilovic

V 2007 Appl. Phys. Lett. 90 102504

[12] Shutthanandan V, Thevuthasan S, Heald S M, Droubay T, Engel-

hard M H, Kaspar T C, McCready D E, Saraf L, Chambers S A,

Mun B S, Hamdan N, Nachimuthu P, Taylor B, Sears R P, Sinkovic

B 2004 Appl. Phys. Lett. 84 4466

[13] Song H Q, Chen Y X, Ren M J, Ji G 2005 Acta Phys. Sin. 54 369

(in Chinese) [yùr, �òÆ, ?©ï, Gf 2003ÔnÆ� 54
369 ]

[14] Li G K, Zhang X Q, Wu H Y, Huang W G, Jin J L, Sun Y, Cheng

Z H 2009 Chin. Phys. B 18 3551

[15] Chen J, Rulis P, Ouyang L, Satpathy S, Ching W Y 2006 Phys.

Rev. B 74 235207

[16] Weng H M, Yang X P, Dong J M, Mizuseki H, Kawasaki M, Kawa-

zoe Y 2004 Phys. Rev. B 69 125219

[17] Yan W S, Sun Z H, Pan Z Y, Liu Q H, Yao T, Wu Z Y, Song C,

Zeng F, Xie Y N, Hu T D, Wei S Q 2009 Appl. Phys. Lett. 94
042508

[18] Mamiya K, Koide T, Fujimori A, Tokano H, Manaka H, Tanaka

A, Toyosaki H, Fukumura T, Kawasaki M 2006 Appl. Phys. Lett.

89 062506

[19] Murakami M, Matsumoto Y, Hasegawa T, Ahmet P, Nakajima K,

Chikyow T, Ofuchi H, Nakai I, Koinuma H 2004 J. Appl. Phys. 95
5330

[20] Kresse G, Furthmüller J 1996 Phys. Rev. B 54 11169
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Abstract

Dilute magnetic semiconductors have auracted much attention because of their potential applications in spintronics. In this paper,

the effects of oxygen vacancy on total energy and magnetism in Co-doped TiO2 are investigated using the density functional theory.

The energy of the system with a shorter Co-Co distance is higher than that with larger Co-Co distance after introducing oxygen vacancy.

Oxygen vacancy trends to congregate around the Co cations. Moreover, the strength of exchange couple reduces in the system with a

shorter Co-Co distance after introducing oxygen vacancy. For the system with a larger Co-Co distance, the exchange couple between

two Co impurities is anti-ferromagnetic if oxygen vacancy is located at the basal site of octahedron containing Co, and ferromagnetic

if oxygen vacancy is located at the apical site of octahedron containing Co.
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