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Electronic structure and optical properties of Zn-doped anatase TiQO,
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Abstract: The structure optimization, band structure, density of states and light absorption characteristics
of Zn-doped anatase TiO, are studied with the first-principles calculation method based on density
functional theory (DFT). The calculations results show that Zn-doped anatase TiO; is indirect band gap
semiconductor, and the impurity energy level is introduced due to the couping between O-2p and Zn-3d.
which can increase the TiO, absorption edge to the visible region, and therefore enlarge the absorption
region of TiO,. The experimental results show that Zn-doped TiO, leads to the red shift of the optical
absorption edges to visible-light region and enhance thephotoelectric effect of anatase TiO,. The effect is
useful for the photocathode protection of photoelectric performance.
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Fig.1 Computing model of Zn-TiO,
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Table 1 Parameters of Zn-TiO,

Fractional coordinates

Atom
u v w

Ti, 0.000 000 0.000 001 0.000 556
Ti, 0.253 068 0.500 001 0.498 931
Ti; 0.000 000 0.500 002 0.251 565
Ti, 0.249 849 —0.000 001 0.749 852
Tis 0.500 000 0.000 001 0.000 157
Tig 0.746 931 0.499 999 0.498 931
Ti; 0.750 151 —0.000 001 0.749 852
Zn 0.500 000 0.500 000 0.243 404
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Fig.2 Band structures of Zn-TiO,



82 TRKEFFIR % 40 %

22 ATEENMESEEHE

T e — 2B Zo-TiO, B F 4544, 4 Se 28l TiO, (B 3) F Zn #5824 TiO, (B 4) 1 2 (1 43 25 % BF &
FLEZS % B B (5%, Density of State(D)), 4r#T Al A1, 2l TiO, B4 47 F2 47 23 il i O-2p $iE Fi1 Ti-3d
BB STHR 5 T Zo-TiO, 19 5 2 i Ti-3d F1 O-2p BiE STsk . M £l O-2p M Zn-3d BB Mk, Zn-
TiO, B S E BB — /N E I, 5 Zn-3d HUBELE —6.89~ —4.81eV JuH A IEE . W] Zn Jii+ 3d #Li&
X Zn-TiO, BBl A s 5 STsk . 47 K 7 ol S8 L X & RO Zn Ji 5 3d BE Oy I SRS s HAE SRR RE LA
AR AR RES . TiO, PAELE p-p AHEAE A p-d HEF SO0, i pp M EAEH @A T8, 1 p-d HE
FREONL N AT ERET . ZnB)E A HLER Z .25 p-d HER O AT £ p-d HERR AN R T opp A
AR RS T R R T 1M RS Sl H T AR

80 — 35
(a) T - | o5
g e 2} “
: \“ i ” ] ﬂ
S 40 | =
.
20 A | 10 “ f l
I( | | 5 I
o LI A | e |1 N )
-60 =50 -40 -30 -20 -10 0 10 -40 -30 -20 -10 0 10
EleV EleV
(a) (b)

80 |
< 60
g 40}
<
3

| .

3 TiREBE(a) . ORTEE(D)M TO, REZE (WD H ML
Fig.3 Distribution curves of partial density of electronic states of Ti(a), O(b)and total density

of electronic states of Zn-Ti(c)
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