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Abstract: Based on the density functional theory, using the first principles pseudopotential plane wave
method to calculate Co, Cr doped and Co, Cr Co doped rutile TiO, band structure, density of States and
optical properties. The results show that: the band gap of pure rutile is 3. 00 eV, Co doped rutile TiO,
band gap of 1. 21 eV, the conduction band and valence band top bottom are located in the G spot, is a
direct band gap between the valence and conduction band, the impurity level by Co 3d and Ti 3d
hybridization; Cr doped rutile TiO, direct band gap of 0. 85 eV, the impurity levels between the valence
and conduction band by Cr 3d and Ti 3D orbital track structure, the conduction and valence bands are
moving toward low level direction, Also, it is doping modification of ion selective basis; Due to the strong
hybrid electron, make the O-2p state and the Ti-3d state to the Co-3d state and Cr-3d mobile of Co-Cr Co-
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doped, the valence band energy shifts to a higher energy level and the bottom of the conduction band

energy level shift to lower energy, so greatly reducing the band gap width. The dielectric peak doped

rutile TiO, , refractive index and absorption coefficient all shift to lower energy; In the range of E<C

2.029 eV, pure rutile imaginary part of dielectric function, %, and absorption coefficient is zero, the

transition strength after doping is higher than the transition intensity of undoped zno, Transition intensity

of Co, Cr Co-doped is greater than Co doped and Cr doped, Co, Cr Co-doped can strengthen the electron

optical transitions in the low end, visible light catalytic performance has better.

Key words: First principle; Electronic structures; Optical properties; Rutile TiO,; Co-Cr Co-doped
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Fig. 1 A variety of calculation model
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Table 1 Structure of Co-Cr Co-doped Rutile TiO,
Model a.b,c \4 G Final
No. 10 ! nm @By 107% nm? roup enthalpy
9.265 6 90
1 9.2656 90 509.289 9 ) —39 996. 146 3
[D2H-19]
5.932 2 90.064 9
9.3159 90
2 9.3159 90 514.566 0 —39 996. 910 2
[D2H-19]
5.9292 90.053 0
9.314 9 90
P2/M
3 9.3149 90 514.207 9 _ | —39 996. 859 9
[C2H-1]
5.926 2 90.099 4
9.314 2 90
P2/M
4 9.314 2 90 512.791 2 _ | —39 996. 699 8
[C2H-1]
5.907 9 90.228 9
9.3519 90
CMM
5 9.3519 90 517.977 8 —39 995. 443 7
[D2H-19]
5.922 6 90.032 6
9.354 1 90
6  9.3541 90 518.181 1 —39 995. 524 4
[D2H-19]

5.922 6 90.097 1
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Table 2 Different doping architecture optimized physical parameters
Pure Ti0, Co doped Cr doped Co,Cr Co-doped
a=b=9.4550
boc/10-! c=5.9117 a=b= 9.430 4 a=0=9.3567 a= b= 9.3159
@ i a=b=9.33"  ¢=5.9115 ¢=5.941 0 ¢=5.929 2
c=5.946 6 [
(asfs7) (90,90,90) (90,90, 89.708) (90,90, 90.056) (90, 90, 90.053 0)
V/107° nm’ 528.438 643 525.726 167 520,130 767 514.566 0
Ti-O 1. 983 806 1.978 8
» ! , 1.988 615 ,
L/107" nm Co-0O 1.991 934 1.999 3
. 1.991 527
Cr-O 1.994 43 1.939 6
AV/107° nm? —2.712 476 —8.307 876 —13.872 643
Ti 1.293 571
1.297 333
/ O 1.286 875 —0. 640 63 1.294 —0.635
e Co  —0.6425 o —0.638 125 1.06
Cr ’ 1.05
Ti —0.004 0.005 714
(; —0.002 67 0.017 5 0 02; 125
Spin (hbar) . 0.018 125 ’ ’ T
Co 0.98 1.51
Cr ’ 1.48 1.0
Ti-O 0.413 571
A4 9 LATT @
P Co-O 0.410 417 0. 108 88 0 333 0. 306 667
. 0.306 667 0.323 333
Cr-O 0.403 333
Final energy/eV —39 694.283 —39 127.456 7 —40 562.826 0 —39 996.910 2
1 Co-Cr 3B 28 K R hr . 1 F Co-O it Ti-O 4 B
£ 0.1%,Cr-O 1L Ti-O 45 0. 198 %. [}, Co B 1 Puke
2 -

MCrBFMEEH/NT TigF, zxBREED TiO
BRI ZR G /N 0. 66 %0 . HIZ 15 ZR K BB S i A
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/N S XA U B 48 4% DT IR R I T R A T AR Ak L 4B
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Fig. 4 Total DOS curves calculated for various types of ion-doped TiO,
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