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Microscopic Mechanism and Characteristics of Optical Gas Sensing
Material Rutile Titanium Dioxide (110) Surface Adsorption H,S Molecules
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(Chongqing Key Laboratory on Optoelectronic Functional Materials, College of Physics and Electronic Engineering ,
Chongqing Normal University ., Chongqing 401331, China)

Abstract Optical gas sensor material adsorption gas molecules lead to changes in optical properties to detect
environmental gas composition, which is called optical gas sensing effect. Microscopic characteristics of rutile
titanium dioxide (110) surface adsorption H,S molecules are studied, under the first-principles plance-wave ultrasoft
pseudopotential method based on density functional theory (DFT) system. and adsorption energy. charge density.,
density of states and optical properties of TiO, (110) surface are calculated. The results show that, the most stable
surface is TiO, (110) surface which terminated on the two coordinated O atoms; only containing oxygen vacancy
surface can stably adsorb H,S molecules; the higher of the oxygen vacancy concentration, the higher adsorption
energy; the main way of surface adsorption H,S molecules is horizontal adsorption. When oxygen vacancy
concentration reach 33% , adsorption energy is 0. 7985 eV. The adsorption essence is surface oxygen vacancies
oxidation H, S molecule. In the visible light range of 400 ~ 760 nm, the surface optical properties can be improved
only when H, S molecules adsorption on containing oxygen vacancies surface, moreover, the higher concentration of
oxygen vacancy., the more obvious improvement of absorption, reflection ability and optical gas sensing performance.
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Fig. 1 Atomic structures of the rutile TiO,(110) surface. (a) Before optimization; (b) after optimization
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Fig. 2 Atomic structures of rutile TiO, (110) integrities surface adsorption H,S. (a) (b) (¢) Before optimization;

(a") (b")(c") after optimization
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Fig. 3 Atomic structure of rutile TiO, (110) surface with one oxygen vacancy adsorption H, S,

(a) (b) (¢) Before optimization; (a')(b")(c') after optimization
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Fig. 4 Atomic structure of rutile TiO,(110) Surface with two oxygen vacancies adsorption H,S.

(a) (b) (¢) Before optimization; (a') (b)) (c') after optimization
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Table 1

Distance of rutile TiO, (110) surface adsorption H, S

Adsorption form

Surface with one Surface with two
Perfect surface

oxygen vacancy oxygen vacancies

S end Distance before optimization /nm 0.1700 0.1700 0.1700
adsorption Distance after optimization /nm 0.3032 0.1687 0. 1449
H end Distance before optimization /nm 0.1700 0.1700 0.1700
adsorption Distance after optimization /nm 0.2750 0. 2063 0.2538
Horizontal Distance before optimization /nm 0.1700 0. 1700 0.1700
adsorption Distance after optimization/nm 0.3473 0.1245 0.1152
3.2 WRHiRE (110) KM REIIA KT 0.5 eV, LM H I —4>

TiO, (110) FE1f W it Ho S 431 1 W Bt RE-
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Wi oY F A 106 A 5 o 3k A ke A R R S 45 )
Faa . M2 WML HS 43 F1E 58 B 4 40 A M Tio,

S, 25 AV RO R A 42 o7 B B P HL S K P T I
T Y WL B RE 4> Bk 0. 7118 eV F10. 7985 eV, 5
568 2 T WL R BE 22 E 43 ) A ) 0. 2462 eV FI
0.3329 eV, it KT S s F H s W B 3% 18 A i
=T I D < C TP S i < W AR = T
Ends( horizontal adsorption) >Eud>(Send adsorption) >E;\ds(llend adsorption) IEJ
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Table 2 Adsorption energy of rutile TiO, (110) surface adsorption H, S

Perfect surface

Surface with one oxygen vacancy

Surface with two oxygen vacancies

Adsorption form

E.../eV El /eV AE=(E.,—E..) /eV El, /eV AE=(El,—E.) /eV
S end adsorption 0.4348 0. 5858 AE=0.1510 0. 6396 AE=0. 2048
H end adsorption 0.4438 0.2094 AE=—0.2344 0. 0830 AE=—0.3608
Horizontal adsorption 0.4656 0.7118 AE=0. 2462 0. 7985 AE=0. 3329
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Table 3 Atomic Mulliken populations of H, S

Charge(e) Species sCe) pCe) Total(e) Charge(e)
1.85 4.57 6.42 —0.42
Ideal H, S 0
0.79 0 0.79 0.21
TiO, (110) surface with two oxygen ; 1. 85 4. 38 6.23 —0.23
0.0
vacancies adsorption H, S after optimization 0. 85 0 0. 85 0.15
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Fig. 5 Distribution map of charge density of rutile TiO, (110) surface with two oxygen vacancies horizontal adsorption
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Fig. 6 Density of states of rutile TiO, (110) surface before and after adsorption H,S. (a) TiO, (110) surface;

(b) TiO, (110) surface with two oxygen vacancies adsorption H, S
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