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Sensing mechanism of anatase TiO,(101) surface adsorption

of CO, molecules

Yang Ying, Feng Qing
(College of Physics and Electronic Engineering, Chongqing Normal University, Chongqing 401331, China)

Abstract: Exploration and application of the gas sensitive sensor material of metal oxide optics is a hot
issue. The adsorption energy, adsorption distance, density of states and optical properties were studied
from the plane wave ultra—soft pseudo—potential technology based on the density function theory (DFT).
The results through simulation calculation of CO, adsorbed on the anatase TiO, (101) surface show that
only containing oxygen vacancy surface can stably adsorb CO, molecules; the higher of oxygen vacancy
concentration, the more obvious adsorption effect. The adsorption energy is positive value when CO,
molecules horizontal adsorption on surface, the best adsorption model is CO, molecules horizontal O —
terminal dsorption on surface with two oxygen vacancies. Compared with the density of states, a new
peak appears nearby the fermi level because of surface with oxygen vacancies and 2p electrons of CO,
molecules doping in surface. The transition probability, optical gas sensitive features, absorption
coefficient and reflectivity can be improved in the low—energy scope of visible light.
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Fig.1 Atomic structure model of the anatase TiO,(101) surface
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Fig.2 Absorption model of CO, molecules in anatase TiO,(101) surface
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Tab.1 Adsorption distances after CO, molecules
adsorption on the anatase TiO,(101) surface

when it is placed in different ways

Adsorption methods Fig.2(a) Fig.2(b) Fig.2(c) Fig.2(d)

d2/A 2658 2710 3.231  3.131

Standard surface
Ad/A 0.008  0.060  0.581  0.481
Surface withan ~ 92/A 2450 2,605  2.940  2.797
Oxygenvacancy — Ad/A  —0.200 —0.045 0.290  0.147
Surface with d2/A 2310 2450 2933 2.710

twoO

wolxygen Ad/A 0340 —0.020  0.283  0.060

Initial distance (d1 =2.650 A), After adsorption distance (d2/A), change distance

(Ad=d2-d1/A)
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Tab.2 Energies of adsorption after CO, molecules

adsorption on the anatase TiO,(101) surface

E.u/eV E./eV(10- E./eV(20-
(perfect—surface)  perfect—surface) perfect—surface)
Fig.2(a) 4.6 4.5 4.6
Fig.2(b) 4.8 5.1 5.4
Fig.2(c) -5.4 -5.4 -5.2
Fig.2(d) -5.3 -5.1 -5.0
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Fig.3 Density of states before and after CO, molecules adsorption on the

anatase TiO,(101) surface

R)o P O 75 6 B 2 T W B 3 IS 7R 9 oK RE
IR BT BT A (AR 3(e) BTk AR, X S
T CO, 53+ O Jii+ 2p BiA M vTmk, 2p 15 b 24 i
REGLB AT T L FRRAT (BT B 22, A3 <# i
A1 HIVE R, 78 B A BRI, B TiOL(101) 3%
T X T AL G B4 i 7 R
2.4 TRH/E TiO,(101) 3K B Z 4R

B ST BT TiOL(101) I A G2 1 5, Scrp
THRAE AL 1 J7 20 B o F TS O S AT O
25 N R T IS 00 A R pR BRI SO R SR, 43
SanE 4 B 5 FE 6 Fros, ME 4(a)Fl(b) AT LA
h SERER R CO, 2 F R , A F R BUL T I A
Ak, HEFRAE 3 eV Alid 0.25; J R H B —4 O
DEERFE R 2 5, W 4(d) s BEFRAE 1.6 eV [T
REARAELA R 2, BRBLATIL, 76 0] WOGAREE X S
W, CO, 53+ O % KW B T 8L 8K 8 TiO, (101)
Je , AT AR R Ay g 35 2 DX R DL ' 1 i) 3 i

& 5 SR TiO,(101) [T WK B 43— il J& 12 3% 11 X0 AT I
JERIME IS, Forb Line 1 2578 O 25 & MWL, Line
2 W53 5 1 TG O 28 v F T A I, Line 3 S
B0 7 J5 1 — A~ O 23 v 2% T 19 W AL, Line 4 Ay 0 [
S FIE A O 28 R E M, IEThal F
FAH W CO, 43 F R JE JG O 75 o 2 i % vl UL G
WOLF-BAH AL, AU 3eV G A FimL , 24 COo,
Iy FWBF—A~ O 23 sk B R TH T, 2 I R AL
A e, SKRAEIA 6000 cm™ Z2 47 40 5 Line 3 f
7R3 CO, Zr TR B T PN O 23 BREE R M5 |, % &)
WG e 0 SR 7R 1.6eV A4 BN E R Yk

(a) Standard surface

(b) Molecules adsorption on anatase

standard surface

6 6
@ 2
£ 4 Re(epsilon) ) = : Re(epsilon)
§ 5 \ Im(epsilon) -f—é . Im(epsilon)
A AL

0
1.5 2.0 25 3.0 35
Energy/eV

(d) W5 TIPS O 25 K

(d) Molecules adsorption on anatase

0 ol
1.5 20 25 3.0 35
Energy/eV

(c) Wbt 43 5 —4> O Zs i K
(¢) Molecules adsorption on anatase

surface with an oxygen vacancy

[&] 4 W B BT S5 Bk TiO,(101)3E I A9 4\ ., PR %L

Fig.4 Dielectric function before and after adsorption on the anatase

surface with two oxygen vacancies

TiO,(101) surface

20000 :
e -==~<_ Line4
=] A
E 15000 Line 3%\
] \
2 10000 \ Line 1
& TRk % Ling 2
2 5000 O
< e
0 ~33ray
15 2.0 2:5 3.0 35
Energy/eV

I8 5 W B R 5 05K T TiO,(101)2% T 1 W e i3

Fig.5 Absorption spectra before and after adsorption
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Fig.6 Reflectance spectra before and after adsorption
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