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Fig.1 The conventional unit cell of anatase TiO,
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Fig.2 Perpendicular (a) and parallel (b) components of

the real part of the dielectric functions for anatase,
dashed lines and full lines are the LDA and GGA

theoretical results, respectively.
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Table 1  The dielectric constants &, (0) for anatase in this
work compared to experiments and other theoretical
results

e o0 ik
Ttk , , , , s R
C/N-+m C/N-m C/N-'m
AL GGA 5.42 5.26
4550 LDA 5.5 5.43
Py 10 6.00 5.39
Hip 212 5.97 5.57
sy 106) 5.82 5.41
sz 217 5.62
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Fig.3 Perpendicular (a) and parallel (b) components of

the imaginary part of the dielectric functions for ana-
tase, dashed lines are the experimental results, full
and spot lines are the LDA and GGA theoretical
results in this work.
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Table 2 The peak positions of the imaginary part of the di-

electric functions for anatase in this work compared

to experimental values eV
Tk xyl xy2 zl 22
A LDA 3.85 4.75 4.42 5.24
A3 GGA 3.88 4.75 4.39 5.21

Sy 3110 3.8 4.8 4.3 5.05

BENHR MO E 5 LY A R fE T
B >7 eV BRSO A 45 F 2 b SCiik[ 2 ] 5 4%
TSR, EE 3 (b) AT LUE Y, &, 70 511
22 23 WA A L S IR =, A R R I 0 X 4 21
A TiO, WA RE" , I 5 H 5T T BAT
TSR T ok B IE A TiO, 2@ i i I Ak
BB 9 BE A
3.3 EFmRgE

& 4 A HL GGA il LDA 815 3 i) 22 %
RS o 5IGTFRERL RT3 L Y B AR AR BE AR
WGH IR 3 ~5 eV, AT Wi h 24 W
WEE «=10"" em "B TFRIBER:, %3 ST

100
(@)

80
60
3;
40r

201

0 | |
3 3.5 4 4.5 5

Energy/eV

100

801

60-

201

0 |

Energy/eV

K4 BUEkH A Tio, Yol RS TRER IR R,
REZ & LDA 5220 JE GGA A4S

Fig.4 Dependence of optical absorption coefficient on pho-

ton energy for anatase, dashed lines and full lines are

the LDA and GGA theoretical results in this work.
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Table 3  The optical band edge obtained in this work com-

pared to experimental values eV
Jrik £, )
A GGA 3.57 3.96
A LDA 3.52 3.93
Sz 3010) 3.57 3.67
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Calculations of Optical Properties in Anatase TiO,

CHEN Hua
(School of Mathematics, Physics and Biological Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract; TiO, is a wide-bandgap semiconductor with wide applications range, the anatase phase TiO, has the
better photocatalysis properties. In this paper, the optical properties of TiO, with the anatase structure were in-
vestigated using the full-potential linearized augmented plane-wave method ( FPLAPW) in the framework of the
density functional theory (DFT). We amended band gaps by using a scissor operator, so that the minimum
band gap shift becomes 3.2 eV in agreement with the experiment. Optical property calculation showed that a

strong optical anisotropy near the absorption edge is observed. The calculated dielectric constants at w—0 are
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£1,(0) (LDA) =5.52, £,(0)(LDA) =5.43 and ¢,,,(0) (GGA) =5.42,£,.(0) (GGA) =5.26. The
dielectric functions have two main peaks. One is located between 4 and 6 eV, and the other is found at 8 ~9
eV. As one can imagine, the two peaks are due to transition from states in the upper part of the valence bands

(states) to states in the two lower Ti-3d conduction bands (7 "-d, , and o " states). In a higher energy

xy 9

region ( >7 eV), the imaginary part of the calculated dielectric function peak positions are located at higher
energies compared with experiment. Similar results were reported in calculations for the rutile structure. The
disagreement of the peak positions of the dielectric functions in a higher energy region suggests that a more
sophisticated method going beyond the scissors operator to describe the quasiparticle spectrum of TiO, is
required. If we define the optical band edge as the photon energy where the value of « =10 "* em ™", then the
band edge £, (LDA) =3.52 eV, E.(LDA) =3.93 eV and E,_ (GGA) =3.57 eV, E.(GGA) =3.96 eV,
the results are in agreement with experiment, and the generalized gradient approximation ( GGA) gives no

improvement in comparison with the local density approximation (LDA) by investigating the optical properties.
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