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Abstract

First-Principles Study on Optical Properties of
N-Co Co-Doped Anatase TiO,

Li Xin, Fan Menghui, Yang Yunfei, Xie Quan

College of Big Data and Information Engineering, Guizhow University, Guiyang, Guizhou 550025, China

By using the first principles based on the density functional theory and the general gradient approximation

method, the electronic structures and optical properties of N, Co single-doped and N-Co co-doped anatase TiO, are
studied, and the effects of two kinds of different substitutions where the O site replaced by N are explored. The
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Fig. 1 Structural model of super cell of anatase TiO,

FHELR I Accelrys 23 Rl 4 BB 22 LUK 6 Materials Studio 1Hy CASTEP 88, % JiI 7 i
SR 3 FCOP T T A A 340 €V SR FHU R 02 BRI o) SUB T D (GG AD S IE fbL b 3 o 7
B T2 WM T A HOCBERE . HE B0 B VR GGA P PWOT J7 %8 L %7 vk 2 I Wi S v B M A6 T
FLhH i —FEE T . SRR R BRSO B IR 1.0 X 10 eV /atom , 5 A LT AT 4232 19
AR R R KT 1.0X10 7 VLT RAEA SR KT 0.01 eV/nm. J5T 1 49 B A) R A F 0.02 GPa.
1] Monkhorst-Pack 77 % K48 B AT FR K 5 WK X 45 LI 0 0 77 R 403 30 A A 0 A2 0 26 2 W A
VIR T RE A B L 48 AR Co-3d N-2p. O-2p 1 Ti-3d Bl L T1E Y Co.N.O Al Ti 4 BT Kt T 4125,
TG AL b B P 0 7 2 I 9 SRR 0/ 70 o AR ot o 7 e b

121604-2



54, 121604(2017) BYMSHEIZHE www.opticsjournal.net

3 HER5Hr
SPINF Co N JEF B B45 2% L B Co N T 345 4% A JO ME R0 A7 JL A 45 Mg 0 Al o 3520 i 75 o B 4k
B THO, 445 2% R 15 5 flg Bt fie /b 7 97 52 19 26 AR RO 1R 3 AEL 76 Ol i 75 £ 45 2R 11 2 B k45 /K 7 0
AN I L S 2 0B ORI 5 2 TR A B U W IR £ R L 0 L 2 kb TR R . X T B Jk
RGO RAT I 0 RUE PRI bR ME . 45 2 AR AR U R DT 0 45 4 L R 1 et e X £
K X7 1 5 R BB 25 R e 19 5 SR
Etinine = E ot — 23N E o » (D

K Eoa NMERKERER N, IR R THEH E.o MRTRER . S DB 2K R 1Y 5 RE = RIS
FRELETRER LK 1.2, 5ARBAMNOUAH AL, B8 2% Co 8 N(type D KUK I FH LB B M TiO,
AR 25 5 RE 4 W (R B, BT X = AR R R E .

F 1 BT M TiO. MM RE AL A Rk

Table 1 Total and binging energies of anatase TiO,

Doping N-doped N-doped N-Co N-Co
Undoped Co-doped
type (type 1) (type 2) co-doped (type 1) co-doped (type 2)
Total energy /eV —39703.82 —39166.77 —39564.55 —39534.97 —38997.87 —38968.64
Binding energy /eV —420.30 —444.68 —447.87 —418.29 —442.62 —413.39

F 2 BEKT M TiO. MR T RE &
Table 2 Atomic energy of anatase TiO,

Atom Ti O Co N
Atom energy /eV —1596.16 —429.53 —1034.73 —262.69

3.1 HHEEMSRETE

2 L 25 0L IS L BUAR A T1O, B ML R AT a A an &l 2 vz . 18 2 o) iR Al BEBR AT A TiO, 1977 B 98
JE N E,=2.185 ¢V, 5 Yang "7 Wit B4 B (E, = 2.2 eV) B M. A5 Czoska %07 Y 52 1
H(E,=3.2 eV)HHZE 1.015 eV, X 2% EZ RIS A S W2 22 S 800, DI 2E AR5 T1 3471
A X5 BB M TiO, 1K R 198 % B AW BOEIE T B 45 R T8I, S8 M Tio,
71 (2.185~~3.390 e V) B A 1.185 eV, Hifftalr (—4.265~0 eV) Wi 4.265 eV,

WE 2C) iR B HH TiO, 844 Co Ja i BRIEE KA T B B k42 L 3% & i F Co I B 51 A &
W A AR HBOR BB R T I R T, 5 22 M R 4 55 IS (CBMD 4l T CVBMD A BIF F R, 75
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Fig. 2 Energy band structures of anatase TiO, near Fermi surface. (a) Undoped; (b) co-doped;

(¢) N-doped (type 1); (d) N-doped (type 2); (e) N-Co co-doped (type 1); (f) N-Co co-doped (type 2)
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Fig. 3 Density of states for anatase TiO,. (a) Undoped; (b) co-doped; (¢) N-doped (type 1);
(d) N-doped (type 2); (e) N-Co co-doped (type 1); (f) N-Co co-doped (type 2)
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Fig. 4 Absorption spectra of anatase TiO,
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