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Study of electronic structures and optical properties of
N-doped anatase TiO,

Yin Xianglu', Teng Aijun', Zeng Zehua', Zhang Dongbin', Dai Yu', Wu Wei’

(1. Ansteel Beijing Research Institute Co., Ltd., Beijing 102211, China; 2. Beijing University of Chemical Technology,
Beijing 100029, China)

Abstract: By substituting N atoms for Ti or O atoms at different positions, three doped structures at dif-
ferent positions are constructed, i.e., O-Ti-N, Ti-O-N and N-Ti-N. Based on density functional theory
and first-principles calculations, the effects of three kinds of nitrogen doping on the crystal structure, en-
ergy band structure, density of states and optical properties of TiO, were studied. The research results
show that all three doped structures can be stably existed in TiO,. The doping of nitrogen atoms signific-
antly reduces the band gap of TiO,. Due to the hybridization between N 2p and O 2p, impurity levels are
formed in the forbidden band region, which reduces the energy required to excite the electron to conduc-
tion band. In the Ti-O-N structure, the absorption spectrum shows obvious red shift, which proves that
this structure is more conducive to improving the photocatalytic activity of TiO, in the visible light
range.

Key words: N-doped TiO,, energy band structure, density of state, optical properties

s B ER:2021-12-01
TEE M T (1990—), B, IR N, W5 A, TRRIM, £ 20 & 5 8. 4KkIhEER4 B, E-mail: Xiangluyin@163.com.


https://doi.org/10.7513/j.issn.1004-7638.2022.02.001
https://doi.org/10.7513/j.issn.1004-7638.2022.02.001
mailto:Xiangluyin@163.com

-2 W Bk 8K

2022 45 43 &

0 Bl&

TAAARER (TIO,) LA Mt fb e 4 | AIBIAS
TRER AL ST RS E M, O AT B IZ ik
=z U2, Tio, By A 32 B0 HE =l HUEKH A
SLTAMBERT M . T U —Fh eI AT
(RINE Rk, MELAS o 420 AR THES 203, 454
fasE, AR &R BOtZaE Ty | wkalE 55 ) FLE (&
J1, EEFE A OGRS BiEkE A
TR E M A A 2T A A1, B &a KB, X
i EA LS BRI, Z 2] T KR AR
FIETER BiELE AH TiO, MIZEH SRR 3.23 eV,
I, R Z 3K/ T 387 nm (RSN EIEST A fewk
W FE A EE T () MIEs U (h) . ARG
SN 4% A A, R, BUEKT A1 TiO, 78 H 4%k
TRAAEF SRR . R A, ZouEB
0] DUAT SO AR BUER A A TiO, 78 F AR Ok
AL PERE ™, Vaiano %" i@ i F T KB LMY
TiO, HHLF-4544, il #1538 T2 S BEN 2.5 eV 1Y
KB4 TiO,, 7E 0] WOEFIEIMNE T PRI L 5 1Y)
JeEETERE . Fu 55" R EEIE -7 I 45 1 A B
7% TiO, TE R BHYE IS T, ¥R EE A 2.0x10°™° mol/L [
% #+8] B(RhB) £ 40 min J5 , [ A% 2k 90%, Yt
TEIE R AR IB 2 TIO, 1Y 6 1%, i F 2 Gi% M X
SIEOEH T RERSIER, ZUTRAE Tio, MikLi s
ZR A7 B FEA N-Ti-N, O-Ti-N Fl Ti-O-N"", 4k
1M, A2 8 1 E T EXT Tio, AhRE5H . B+
PEF DG A RER R A RS BNRA ST . E—2
BB 24 (O BT TiO, BRI LA T £ vl %
T HA B MATEREN Tio, HAEW HEMIE T =
o Rl X AR ESRAMELISE IR . EH LT
JEZ BB, SR F S — MR IR B A B TR [ 2
PR RICER T TiO, MhIARZE K . % | REAT 4,
P B EMSetE B SEmaRe, £33 T B 245

1 WAEER 5 E %

SCHER PO BART AH Ti0,(2x2x1 ) 48 S J A A,
5% 16 4> Ti JEFH1 32 4~ O JEF, 4nlEl 1(a) fis .
i E IR B Ti JEFA O PR RIAF B IIE
KA E B2 TiO, Z5H: O-Ti-N (& 1(b)) . Ti-O-N
(B 1(c))  N-Ti-N( 1(d)) o RHBHIE AR
T8 5 M H 7 22 (] A B, T SRR B T
(GGA) . Perdew-Burke-Ernzerhof(PBE) i iA/y #1 T

[B] (3 40 B RE, ARITRE A 500 eV, V-1 I BE IR
Bk 2x10° eV, FAEFAIZ F1/NF 0.01 eVinm,
T A IE % B RS TR B R 25, X Ti 3d 51
AT ERHFRBUMPMEE . STk U=8.5 eV BT
B BE S IR Y, R, FEAR ST
B, UfEH 8.5V,

(b)

WY
I'l‘l_‘gg_‘l'l‘.gg_‘l'l
Dbl
NN

(d)

ON @O OTi
(a)4li TiO,; (b)O-Ti-N; (¢)Ti-O-N; (d)N-Ti-N
1 RFSEHTRE
Fig.1 Schematic diagram of crystal structure
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Table 1 Optimized unit cell parameters and total energy of pure TiO, and N-doped TiO,

A a/nm b/nm c/nm V/nm’ Ey/eV

TiO, 0.778 710 0.778 710 0.978 800 0.593 533 794 —365.540 869 17
O-Ti-N 0.781 097 0.778 549 0.978 708 0.595 174 387 —363.540 553 10
Ti-O-N 0.777 451 0.777 451 0.971 251 0.587 052 397 —353.112 338 72
N-Ti-N 0.782 302 0.778 209 0.981 618 0.597 601 365 —361.827 066 53
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Fig.2 The energy band structure of pure TiO, and N-doped TiO,
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