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æ^Äu�Ý�¼nØ�1�5�n�{é��,±9ØÓßÝLÞ7á Fe, Co, Ni, Zn �,7ù� TiO2 �
�¬�NX?1
AÛ`z, ¿?Ø
Ù¬�~ê, >fU�(�Ú1Æ5�. ïÄ(JL²: �,c��¬�ë
ê�¢�� �3 3.6%±e; ·þ�LÞ7á�,Ø�K�NXU�(�, ÿ°1áÂ��, ��üXÐ¼>
f���Ú, k|u1)>f - �Çé�k�©l±9Or1áÂUå; Fe, Co, Ni, Zn �ZnØ�,NX©O
� Ti0.75Fe0.25O2, Ti0.75Co0.25O2, Ti0.75Ni0.25O2, Ti0.83Zn0.17O2; Fe, Co, Ni 3d �©�� t2g Ú eg �, ©O�zud
�pU?Ú��$U?Ü©, r?
>f - �Çé�)¤, l�Jp TiO2 �1xz5U; Zn 3d �>f¤éW÷;
�, Ø´�-u, �1xz¹5Ã²wJp.

'�c: LÞ7á�,, 7ù� TiO2, >f(�, 1Æ5�

PACS: 71.15.–m, 71.20.–b, 63.20.dk

1 Ú ó

g 1972 c Fujishima Ú Honda[1] uy1ì7ù
� TiO2 >4©)Y�)�í±5, 7ù� TiO2 �
�1xzá�31)Y�� [2,3]!¢Y?n [4,5]!
�íÀz [6]!��U>³ [7,8] �+���2�
� ï Ä. , , 7 ù � TiO2 ´ � « ° B � � �
N (3.0 eV[9]), é��1�áÂÛ�ub	«, 1
U|^Ç�u 3%, 1)>f - �Ç´EÜ, 1xz
�Ç$. Ïd, XÛk�/¢y7ù� TiO2 é��
1��A¿ÿÐ���1«!Ó�³�1)>f -
�Çé�EÜ¤�)û TiO2 1xzá�UÄ��
�5�A^�'�¯K.

�é±þ¯KIS	ïÄ<
�
�þ�ï
Äó� [10−12], ÏL&¢xzL§�n!é7ù
� TiO2 ?1U5�, wÍJp
1U|^ÇÚ1
xz�Ç. Ù¥, LÞ7á?»U57ù� TiO2 ä
k�{{ü!�JÐ!Uÿ°é��1��A�

�!³�>f - �ÇéEÜ!Jp1xz�A�Ç
�`:, �É<�'5.

8 c, L Þ 7 á Fe, Co, Ni � , U 5 7 ù
� TiO2 � ï Ä ® ² � �
� ½ ? Ð. Melghit
� [13] Ï L $ § � { � � Ñ 2 at.%Ú 3 at.% Fe
� , 7 ù � TiO2, ¿ ± f J ù /�� � 	 é
�, uy��1ì�e Fe-TiO2(3 at.%) �1xz
ü)5U²wpu7ù� TiO2. Barakat � [14]

� �
M � - v � { � � � Ø Ó ß Ý Co �
, 7 ù � TiO2, � 	
B � CoxTi1−xO2 (x =
0, 0.004, 0.020, 0.036, 0.072, 0.140) 3 b 	 1 ì �
e é Y M � ¥ 2- Å¦ � ü ) � J, 1 x z �
A 3 h � Co0.036Ti0.964O2 é 2- Å¦�ü)Çp
� 96.4%, `uû¬? P25, b	 — ��1Ìw«
B� Co0.036Ti0.964O2 �áÂÅ�ÿÐ� 500 nm.
Uhm � [15] ÏLÅ�Ü7Eâ��
ØÓßÝ Ni
�, TiO2, �X Ni ¹þ�O\ (8—12 wt.%), TiO2

¬.u)UC, Xbv. TiO2 ¥Ñy
Ü©7ù
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��, 1áÂ>²wù£. Jing � [16] ïÄ
��§
Ý 450 ◦C, 550 ◦C, 650 ◦C éØÓßÝ Zn �, TiO2

�K�, uy��§Ý� 550 ◦C �, NXÑyÜ
©7ù��, 1xz5Uk¤Jp, ���§Ý
�� 650 ◦C ����X7ù�� TiO2, �Ù1x
z5U%Ã²wJp, ù� Liu � [17] ��§Ý
� 300 ◦C, 500 ◦C, 700 ◦C �¢�(J´���. ¢
�(J�L²��� Zn �,þ (5 at.%) ¦lf�
È3 TiO2 L¡, ��1xz5Uk¤ü$, ·þ
��, (1—3 at.%) �¦ TiO2 L¡ O �f±�Ç�
²/ª<ø, ¢y>f - �Çék�©l, ?Jp
Ù1xz¹5, �¿ØU¦Ùá1��ÿÐ���
1«.

ïÄyGL², ØÓLÞ7á�, TiO2 �1
Æ5��Ù�,ßÝÚ 3d ;�>füÙ�3;�
�'X. �,LÞ7á Fe, Co, Ni, Zn �,é7ù
� TiO2 1xz¹5�ïÄ®²��
�½¤J,
�du"��,��9Ù�,ßÝÚ 3d ;�>f
üÙé7ù� TiO2 >f(�K���[ïÄ, �
8LÞ7á�,U57ù� TiO2 �Ån`{��
3�
�Æ [18]. Äu�Ý�¼nØ�1�5�n
�{��ÑØÓïÄö�¢�^�ÚL��{�
�É, ®�¤õ/$^uïÄ7ù� TiO2 �¬N
(�!>fU�(�91Æ5��¡ [19−21].

�
XÚ/ïÄLÞ7á Fe, Co, Ni, Zn �,
Ú 3d ;�>füÙé7ù� TiO2 1xz5U�
K�Ån, �©æ^Äu�Ý�¼nØ�1�5
�n�{O�
��,±9ØÓßÝ (0.06, 0.13,
0.17, 0.25) LÞ7á Fe, Co, Ni, Zn �,7ù� TiO2

�¬�NX�¬�ëê, >fU�(�Ú1Æ5�,
XÚ©Û
ØÓLÞ7á!�,ßÝ!3d >fü
Ù�>fU�(��'X, ¿?�ÚïÄ
�,é
7ù� TiO2 NX1Æ5��K�, ±ÏU�7ù
� TiO2 1xz5U�¢�ïÄJønØë�.

2 �.�ïÚO��{

2.1 ���...���ïïï

n�7ù�� TiO2 ¬Náuo�¬X(�,
�m+� P42/mnm, ¬�~ê a = b = 4.587 Å,
c = 2.954 Å, α = β = γ = 90 ◦[9]. Xã 1 ¤«,
7ù� TiO2 �z����¹ü� TiO2, Ù¥, Ti
��I �� (0, 0, 0) Ú (1/2, 1/2, 1/2); O �f�
I �� (1 ±u, 1 ±u, 0) Ú (1/2 ±u, 1/2 ±u, 1/2),

u = 0.305[22]. �©O�¤æ^��¬��.þ´
3 TiO2 ��Ä:þ©O3 a, b, c Ä¥��þ*Ð
ïá¤, Xã 2 ¤«� 2×2×2 ��¬�(�, �
¹ 16 � TiO2. �©é TiO2 �,æ^�fO�{,
LÞ7á�f M (M = Fe, Co, Ni, Zn) ����
�¬�¥��� Ti �f, ¿À� Fe, Co, Ni, Zn, Ti,
O �f�d>f|�©O� Fe-3d64s2, Co-3d74s2,
Ni-3d84s2, Zn-3d104s2, O-2s22p4, Ti-3d24s2.

ã 1 7ù� TiO2 ��«¿ã

ã 2 2×2×2 7ù� TiO2 �¬�«¿ã

2.2 OOO������{{{

�©O�ó�æ^Äu�Ý�¼nØ (den-
sity functional theory, DFT)[23] � Materials Studio ¥
� CASTEP[24] (Cambridge Serial Total Energy Pack-
age) ^��?1O�, CASTEP ´|^1�5l
ÞO��n, ±�Ý�¼nØÚ©fÄåÆnØ
�Ä:�^��, ·AuO�äk±Ï5(��
á�. O�¥æ^±Ï5>.^�, ÙO�Ú½
V)�nÚ: Äké¬N�.?1(�`z, é
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ØÓ��þæ^²¡Å�^�³; Ùg^2ÂF
ÝCq{ (generalized gradient approximation, GGA)
é`z��nØ�.?1ü>fUþO�, ¿æ
^ Perdew-Burke-Ernzerhof (PBE) �Y?1��, ù
´8c��O(�>f(�O��nØ�{ [25];
��éü>fUþO��(J?1U�!o��
Ý (total density of states, TDOS)!©Å��Ý (par-
tial density of states, PDOS) 91Æ5�©Û. �(�
O��ÝÚv
�°Ý, ²¡Å�äUÀ� 340 eV,
Ùp�«È©æ^ 2×2×3 � Monkorst-Park[26] A
Ï k :�Y. gTL§(å�, (��oNUþ
Âñu 2×10−6 eV/atom, �fm��p�^å$
u 0.5 eV/nm, SAå �� 0.1 GPa, ¤kUþO�
Ñ3�´�m¥?1.

3 (J�?Ø

3.1 NNNXXX`̀̀zzz

�
¼� TiO2 �¬��Ä�¬�ëê, ?
(½¬�~ê a Ú c, ÄkO�¬�oUþ E, U
ìUþ���n�� a, c; ,�æ^Äu1�5�
n� CASTEP §S¥>f��'éU¼ê GGA ¥
� PBE /ª`z TiO2 �¬�, ���½� TiO2

¬�(�, `z��(J�L l ¤«. lL 1 ��,
AÛ`z����nØ¬�ëê�¢�� [9] �~
�C, Ø�þ�u 3.6%, `²�©¤æ^�O��
{´�1�.

3.2 777 ùùù ��� TiO2 ��� UUU ��� ((( ��� ÚÚÚ ��� ���
ÝÝÝ©©©ÛÛÛ

�
Bu©Û�,é7ù� TiO2 N�>f(
��K�, Äké��,7ù� TiO2 �U�(�
Ú>f��Ý?1
O�, Ù(J�ã 3 Úã 4.

ã 3 �7ù� TiO2 �U�(�ã, d�ºÚ��
.þ u Brillouin «� G : �, �;.����
Y��N, Ù�Y� Eg = 1.97 eV, � Umebayashi
� [27]!Hossian � [28]!Bian � [29]!Yu � [30] O
�(J 1.93 eV, 2.0 eV, 2.06 eV, 1.89 eV Ä���,
�7ù� TiO2 �Y 3.0 eV E����, ù´�
Ý�¼nØO��YÊH�3 $�y�: ^Û�
�Ý�¼nØ¦) Kohn-Sham �§�vk�ÄN
X�-u�, ¦d�±þU? � $, d�9
±eU?�¢���, ��nØ�Y�'¢�� 
� 30%—50%, ����«k��Cq�{, O�
(J��é��´�~O(�, ØK�U�(�Ú
>f��ÝnØþ�½5©Û [31,32].

ã 3 7ù� TiO2 �U�(�ã

ã 4 �7ù� TiO2 ���Ýã, ¤�U? Ef

NC�d�Ì�d O 2p Ú Ti 3d ;��¤, �ö�
Ó�^/¤ p-d ,z;�, Uþ°Ý�� 5.46 eV
(–5.46—0.00 eV); ��Ì�d Ti 3d ;�/¤, Óâ
� 0.83 eV (1.97—2.80 eV) �Uþ°Ý, � Baizaee
� [33] O�(J���.

L 1 `z� TiO2 �¬�ëê�¢�� [9] '�

¬�ëê Ø�/%

a/Å c/Å c/a a c c/a

TiO2 1×1×1[9] 4.587 2.954 0.644 – – –

TiO2 2×2×2 4.698 2.970 0.632 2.420 0.542 –1.863

Fe-doped TiO2 4.424 2.890 0.653 –3.554 –2.155 1.449

Ni-doped TiO2 4.643 2.962 0.638 1.221 0.271 –0.932

Co-doped TiO2 4.636 2.954 0.637 1.068 –1.693 –1.087

Zn-doped TiO2 4.728 3.026 0.640 3.074 2.437 –0.621
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ã 4 7ù� TiO2 ���Ýã

3.3 LLLÞÞÞ777ááá���,,,þþþééé777ùùù��� TiO2 ���YYY
ÚÚÚ111ÆÆÆ555������KKK���

�
� 	 L Þ 7 á M (M = Fe, Co, Ni,
Zn) � , þ é 7 ù � TiO2 U � ( � � K �,
� © ï á
Ø Ó � ¬ � � . Ti1−xMxO2 (x =
0.25, 0.17, 0.13, 0.06), (�`z�O�����Y
�XL 2 ¤«. ���, TiO2 �', Fe, Co, Ni �
, TiO2 ��Y�²w~�, k|u1áÂ�>£
���1«, �©z [13—15] ���ù£ª³´�
��; éu Zn �, TiO2, ��,þé���Y�
Ñ�~�, �X Zn �,þ�O\, �Y�ÅìO�,
x = 0.13 �, Ù��u 1.97 eV, �©z [16,17] ��
�7£5Æ´���. ��, LÞ7á Fe, Co, Ni,
Zn ��,þ� TiO2 1xz5U�3;��'X.

L 2 Ti1−xMxO2 ��Y°Ý
```````````̀�,þ (x �) 7á M Fe Co Ni Zn

x = 0.25 0.46 0.43 1.11 2.27

x = 0.17 0.88 0.48 1.08 2.18

x = 0.13 0.78 0.50 1.09 2.14

x = 0.06 1.08 1.07 0.94 1.87

¯¤±�, ��N��Y°ÝÚ1Æ5��m
�3Xe'X:

λ =
hc

Eg
, (1)

ª (1) ¥, hc = 1240 eV·nm, �Y� Eg ��, ¤
éA�áÂÅ���. gl Choi � [18] ��L
Þ7á Fe-3d64s2, Co-3d74s2, Ni-3d84s2, Zn-3d104s2

� 3d >füÙØÓé TiO2 1xz5U�)ØÓ
�K�±5, ïÄöéLÞ7á�, TiO2 �ïÄ

Ø==Û�u�Y���5ïþÙ1Æ5� [34].
ã 5 � Ti1−xMxO2 (M = Fe, Co, Ni, Zn) �áÂ
1Ìã, (ÜL 2 ��, Fe Ú Co �, TiO2 ��Y
����Ù1áÂ�Z; � Ni Ú Zn �,��¹
k¤ØÓ, ±ã 5(c) ¤«� Ti1−xNixO2 áÂ1Ì
ã�~, � x = 0.06 �, Ti0.94Ni0.06O2 ��Y��
� 0.94 eV, ÙáÂ�AT�Z, �O�(J%�
�,  x = 0.25 �, Ti0.75Ni0.25O2 �b	1«áÂ
rÝ�r!��1«ÿÐ���°. E¤dy�
��Ïkü�¡)º: 1) dun�kS±Ï(�
á��ò1�ê'Ý��, ¦�1f�YLÄ½Ø
U�����1f�Y, Ø|u1f¬N3¢S¥
�A^ [35]; 2) é7álf�,7ù� TiO2 ó,
�,��3 TiO2 SÜ/¤"�, ¤�>f�Ð¼
², 1ì��)�õ�gd16f, k|u>f - �
Çé�k�©l [11]. Xã 5(d) ¤« Ti0.83Zn0.17O2

(x = 0.17) áÂ1Ì�`, � Liu � [17] ¢���
´���: du Zn 3d ;�>fW÷ØN´u)>
f�[, Zn �, TiO2 �þL�¬¦ Zn \È3L
¡, �ü$Ù1xz¹5. Ïd, LÞ7á�,7
ù� TiO2 �3���Z�,þ, dþTÐ¦\�
1?\xzJ��Ý��m>Ö��þÝ��, d
�1)>f - �ÇéU¢y�k�©l, �UJ
p TiO2 1xz5U.

3.4 LLLÞÞÞ777ááá 3d >>>fffüüüÙÙÙééé777ùùù��� TiO2

>>>fffUUU���(((������KKK���

�
XÚ/ïÄLÞ7á Fe, Co, Ni, Zn � 3d
>füÙé7ù� TiO2 1xz5U�)�K�,
± Ti0.75Fe0.25O2, Ti0.75Co0.25O2, Ti0.75Ni0.25O2,
Ti0.83Zn0.17O2 �~?1?�Ú&?.

ã 6 � ã 8 © O � Ti0.75Fe0.25O2,
Ti0.75Co0.25O2, Ti0.75Ni0.25O2, Ti0.83Zn0.17O2 �U
�(�ã, o��Ýã, Fe, Co, Ni, Zn, O, Ti �©Å
��Ýã. d¬N|nØ�, LÞ7á 3d ;�3l
¡N|¥U?©�� t2g Ú eg �, ©O Ø��Ý
�d�pU?Ú��$U?Ü©. �â,�U?3
U�(�Ú��Ýã¥� �, (ÜLÞ7á��
>f©ÙG�, ?�Ú©Û 3d ;�¥ t2g Ú eg �
>füÙØÓé TiO2 >f(��K�, �¢�y
�?1éì, ±)ºLÞ7á�,é7ù� TiO2

1xz5UK���*Ån.
lã 6 �ã 8 �±wÑ, �,�� Fe, Co, Ni �

Ì��z3¤�¡NC,  Zn ==�zud�$
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U?Ü©, ù� 3d ;��÷ (d10) k'. (Üã 7,
���, TiO2 �', Fe �,NX�d�Ú��L
ypÝ��Ñ5, Û�z§Ýü$; ��Ð°��
$U��£Ä, d�Ð°��pU��£Ä, ¦�
B�°Ý²w~� (1.97 eV→0.46 eV). ã 8 w«,
Ti0.75Fe0.25O2 NX¥ Fe �,U? uB�¥m 
�, ± t2g Ú eg �ü«/ª©O�zud�Ú��,
>ÖN´± Fe t2g ;��[� Ti eg ;�, = Fe3++
Fe3+ →Fe4++ Fe2+, Fe2+ + Ti4+ →Fe3++ Ti3+ u
)lf�m>Ö=£, /¤m��Y��N, ¢y
1áÂÿÐ���1«, r¦>f - �Çé�k�
©l, � Wantala � [36] ���¢�(J��. Wang
� [37] ��ÙNX½5�)º� Fe ±�fO�
/ª�\ TiO2 ¬�, ½� Fe3+ O� Ti4+ /¤�
�>Ö¬�,O 2p �Ú Fe 3d �/¤�d�, = p-d
,z�, k|u O � Ú Ti3+ �/¤, ¦�NX�

1xz5U�\½, � Al3+ �,7ù� TiO2 Å
naq [38].

ã 6(b) w« Ti0.75Co0.25O2 ����Y��
N, ���,NX��. (Üã 7 Úã 8 ��, Co 3
Ù�,NX¥�± t2g Ú eg �ü«/ª�z, � Fe
ØÓ�´ Co t2g � Co eg �mUþ���u Co t2g
� Ti eg, ´/¤ Co g� d-d �[, ����Y(
J��. ã 8 w«, Ti0.75Co0.25O2 ¥ Co t2g d��
��°²�, � O 2p ��A, üöéN´,z/
¤�d�, � Xu � [39] O�(J��, �¢���
� Co �,7ù� TiO2 NX¥ Co ± Co2+, Co3+,
Co4+ n«ØÓ/ª�3u TiO2 ¬�, /¤ØÓz
ÜÔ Co2O[13]

3 , CoTiO[14]
3 Ú Co2Ti14O[40]

32 �~ÎÜ;
Geng � [40] ?�ÚØy
Ï Co �,�¦xzNX
d��õÚ^5�r, ��éÙ1xz¹5�)

È4�^.

ã 5 Ti1−xMxO2 (M = Fe, Co, Ni, Zn) �áÂ1Ìã
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ã 6 Ti0.75Fe0.25O2, Ti0.75Co0.25O2, Ti0.75Ni0.25O2, Ti0.83Zn0.17O2 �U�(�ã

ã 6(c) ¥ Ti0.75Ni0.25O2 NX�U�(��c
üök¤ØÓ, d�Ú��pÝ��Ñ5Ó�þ
�pU?£Ä. (Üã 7 Úã 8 ��, Ni � 3d ;
� t2g �Ì��zud�Ü©, 3¤�¡NC/¤
ü^,�U?, eg �Ñy3B�U?.Ü�d�º
U, ���>f�k�Ð¼¥%, �½d�
� Ni2+, k|u Ni t2g � →Ni eg � →Ti eg ���

[L§, Ti4+ ��>f/¤ Ti3+ �Ç, ¢y
1)
>f - �Çé�k�©l, Jp
1xz¹5, Ó
� Ni g� d—d �[´/¤�Ä�Y, ¦1áÂ�
>£���1«, � Chen � [41] O�(JÚ Uhm
� [15] ¢�(J���.

ã 6(d) ¥ Zn �,é TiO2 �B�°ÝK�Ø
²w, �éu��, TiO2 �O�, Ø|u��1
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ã 7 TiO2, Ti0.75Fe0.25O2, Ti0.75Co0.25O2, Ti0.75Ni0.25O2,
Ti0.83Zn0.17O2 �o��Ýã

ã 8 �, TiO2 NX¥ Fe, Co, Ni, Zn, O, Ti �©Å��Ýã

áÂ, � Chen � [41] O�(J���. (Üã 8 ©
Å��Ý, ¤�¡NC Zn t2g �vk²w¸, Ø´
u)>f�[, ù� Zn 3d10 ;�>fü÷!>f
OO/�á4éJ�-u´���. Zn 3d � O 2p
��Ýw«üöd�°Ý�éA, ´u),z/¤

�d�, �¦ 2Ti4+ /¤ 2Ti3+ �Ç, Jp TiO2 1
xz¹5, � Jing � [16]!Liu � [17] ���¢�(
JÎÜéÐ, = Zn �,7ù� TiO2 Ø´¦1áÂ
ÿÐ���1��, ��Jpb	1«�áÂrÝ.

4 ( Ø

æ^Äu�Ý�¼nØ�1�5�nO��
{O�
��,9LÞ7á Fe, Co, Ni, Zn ØÓß
Ý (0.25, 0.17, 0.13, 0.06) �,7ù� TiO2 �¬�
ëê!U�(�!>f��ÝÚ1Æ5�. O�(
JL²:

1. O������,9�,7ù� TiO2 NX
�¬�ëê�¢�� �3 3.6%±e, ÏdO�(
J´Ün�, O��{´�1�.

2. ��,7ù� TiO2 �d�ºÚ��.þ 
u Brillouin «� G : �, �;.����Y��
N, Ù�Y� Eg = 1.97 eV, �©zO�(J��;
Fe, Co, Ni �,NX�Y²w~�, k|u1áÂ
�>£���1«,  Zn �,þé��, �Y�Ñ
�~�, �X Zn �,þO\, �Y�O�, u)7
£y�, ��'¢�5Æ�ÎÜ.

3. ·þ�LÞ7á�,, Ø�K�7ù� TiO2

�U�(�Ú1)>f - �Ç�©ÙG�, ��
�üÓ¼>f���Ú, k|u1)>f - �Ç
é�k�©lÚ1áÂUå�Jp.

4. � � � , TiO2 � ', Ti0.75Fe0.25O2,
Ti0.75Co0.25O2, Ti0.75Ni0.25O2 �d����²w
C °, / ¤ ë Y N, > f � Û � 5 � \ ² w;
Ti0.83Zn0.17O2 �U�(�Ã²wCz, Û�z§
Ý\r. ��Ý©Ûuy Fe, Co, Ni 3d ;�´S3
;¼©�� t2g Ú eg �, ©O Ød�pU?Ú�
�$U?Ü©, � Ti �f;¼ÎÃU, ���f
�mN´u)>Ö=£, k|u>f - �Çé�)
¤, �Jp1xz5U; Zn 3d �>f¤éW÷;�
�OOá4, Ø´�-u, �1xz¹5Ã²w
Jp.
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Abstract
The geometric structures of transition metals (Fe, Co, Ni and Zn) doped rutile TiO2 are studied using the first-principles method

based on the density functional theory. The lattice parameters, the electronic energy band structure, and the optical properties are

calculated and discussed. The results show that the errors between calculated and experimental values of lattice parameters are less

than 3.6%. Appropriate dopants of transition metal ions not only influence the band structure of rutile TiO2 system and broaden the

scope of light absorption, but also play an important role in trapping electrons, improving the effective separation of electronic-hole

pair and enhancing light absorption ability. The optimum Fe, Co, Ni, Zn doped rutile TiO2 systems in theory are Ti0.75Fe0.25O2,

Ti0.75Co0.25O2, Ti0.75Ni0.25O2, Ti0.87Zn0.13O2, respectively. The 3d orbits of Fe, Co, Ni split into two groups of energy bands, t2g
and eg states contribute to the higher level of valence band and the lower level of conduction band, respectively, which is conducive

to the generation of electronic-hole pair and the enhancement of photocatalytic performance of rutile TiO2. Zn 3d orbit is completely

filled with electrons, and the electrons are hardly excited, so the photocatalytic activity of rutile TiO2 is not obviously improved.

Keywords: transition metals doped, rutile TiO2, electronic structure, optical property
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