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Nonmetallic Impurity Doping Anatase TiO, Causing the Effect of
Spectrum Red Shift
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(Key Laboratory of Optics and Engineering, Chongqing Normal University , Chongging 400046, China)

Abstract The atomic and electronic structure of anatase TiO, with impurity of N, C and S are studied by first-
principles pseudopotential calculations based on density-functional theory (DFT) in this paper. The results show that
the impurity react oxidation and the nearby Ti atoms react reduction. By analyzing band structure, density of states
and charge population, it is concluded that an impurity band appears in the gap and Fermi energy goes up. The
spectrum generates red shift and the activity of photocatalysis heightens because of the gap decreasing. The response

of wavelength reaches the range of visible light.

Key words atomic and molecular physics; TiO., crystal; first-principles theory; anatase; nonmetallic impurity

L5 5

TiO, &2—# n e )R Ao+ 34 2 —MH
A B2 B 2 e b k. TiO, A &
LU0 VBUBRT AR BT 3 BT B L 2l THO, B
L BRI P L 6 sl 8 B U fE . 4K,
TiO, 7682 & &5 K PH Rg HL b O R IR
J2EE A BGROR B RS D T A T2 N R
ol e A ' M A o gk A BIL ) 5 TR O P SR AR R TR
HIE T TiO, & — Bl 98 1 B T4 2 b B gk ™
MR REBR R/NES] 3.2 eV, AMES T HAEZ 25 fig
58 SN GRS BT LA B2 9 417 B2 5 J3E BIR A 1 1o A
AR DRl G 2R BB A THO, ik PR R A2
TiO, Wi . FELIATR B D DA B IRIE T

A 4 R B B B A TIO, I T A K
S ALER A XT TIO, MEFT Mg #2001
4 Asahi SFFESIER EARIE T N B2 8Lk TiO,
REME TiO, BYZE 58 B AL/, LR LB MY A . N B
7% TiO, B51E 77 Z M. 78 Asahi 5 19 I G 1k
TG - E NSRS R OT R B A S B IE T

e ERT RS R AR BB AR TiO, HLF45#4 FDk
SRR R L H0 R TIO, JE MR 15 P Y 52 56 BF 58 B
J5 1% s AR SCNER — P J B A B o R SR P i i A
WP T AR 7 R R T R R T
ZeBARD A TO, bR Y F T 2549 5 i T L R 5T
HAu A AR vERE R AT AT

EEWE: =T HE A AR FE G (KT090801) Al H P 5 Ik 27 't 4% 5 DR 71 o o 52 4 5 T i 52 3 (0902) B8 By ML
EER N M RA978—), B PRI, o BZN S SIRTIREA B 7 WA BEFE . E-mail: fengq_126@163. com



2l o R AR R 2R BB 2R BLEK T A THO, 51 #6120 8% 280 0L 373

2 HLeRIA Ktk

HY T2 AR 1 1 22 M ST IR T A A TIOR3l S
P R DR A DA B G o i 0 4 A DRI Al B R
ZIN BB AR 14 X5 R 1 R R - 48 R 0 A 8 R o
AR Ao} B OV 1 ] AT, 3K 486 ] R A, e 25 2 AR 1Y
TR, H 58 3 MR, ZE BLEK A TIO, ik
(1 22X 1X T B A e s 43 ) 4 L b i — A SR T
MR T B 7 AL B e ik 2
0.0417. [ 1 ()~ () Ry 14 O i+
BN L C IR, S JEFHARE 19 2 X1 X1 gLk s~
A AT R, SRS XTHB AR A 1 3 i AR R 1Y
LS5 1 S BE DA R H A A e B A AT A
By R T U ek ER AR 10 5 — M DOy kL 1k
B SURE FEAE 8L (GGA) F () PBE 12 B f 1 14 52

RIRRE o FH R O 07 ok R B 2 A BLAR
FH S T LR BE U 300 VL i gE RIS 2 1 X
107 eV/atom AN, B+ I A#M30.5 eV/nm,
B — A LM X 5 3 X7 X3 WEAT A% L 3 B A SRR TE
AR Ny v R A T w2 PR Y N S I e S
FHLON,CEFBA MK EMAK WS K
ERVEZ YN YN A Rl i 52 8 SR T N W
25 F R R B BRE 7R S B AL
O XK T TIO, fs I . X820 )5 ik
(10 7 i A AR BEAT TR A T TR BN B % S
Ja i TiO, 8 55 & A T8 T W Ik 18 2% 0 Ja 1 b i
M F R A1 1. 057, R W45 R 5 WOk 5
BARE . JIANTE S BRI AL A TIiO, g
28k AL HUAHE , 3CUE 52 T AR ST B RLE & 38 .

K1 gk A8 TiO, Fikd O k& )8 i 72U 1 2 X1 X1 BAE R, (a) 872 N 5T
(b) 2% Ci+;(0) BRSHEF
Fig. 1 Structure model of nonmetal-doped anatase Ti0, 2 X1 X1 supercell. (a) N-doped; (b) C-doped; (¢) S-doped
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Fig. 2 Band structure of anatase TiO, with doped fore-and-aft. (a) Without doped; (b) N-doped;(c¢) C-doped;(d) S-doped
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Fig. 3 About Fermi level density of states and partial density of states of anatase Ti0O, with doped. (a) Density of states

with N-doping; (b) about Fermi level partial density of states of anatase TiO; with N-doped; (c) density of states

with C-doping; (d) about Fermi level partial density of states of anatase TiO, with C-doped; (e) density of states

with S-doping; () about Fermi level partial density of states of anatase TiO, with S-doped
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