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Abstract Using the first—principles plane—wave ultrasoft pseudopotential method based on density functional
theory (DFT) system, the study on titanium dioxide surface adsorption hydrogen halide gas (HX, X=F, Cl, Br) and
oxygen vacancy oxidation characteristics is carried out. The calculation results show that: 1) The surface containing
oxygen vacancy adsorbed hydrogen halide gas easier, whose adsorption method is chemical adsorption, among
them, HF and HCl reduced by surface oxygen vacancy while HBr oxidized by surface oxygen vacancy, and the stable
level of adsorption is HF>HBr>HC]; 2) adsorption hydrogen halide gas molecules can improve optical properties
including dielectric constant, absorption coefficient and reflectivity of the TiO, (110) surface, and the order of
improvement ability is HF>HBr>HCI.
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Fig.1 Atomic structures of rutile TiO,(110) surface. (a) Supercell; (b) before optimization; (c) after optimization
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Fig. 3 Atomic structures of rutile TiO,(110) surface with oxygen vacancies adsorption HF \HCl ,HBr after optimization
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Table 1 Distance and adsorption energy of rutile TiO2(110) surface adsorption HF {HCl \HBr

Complete surface Oxygen vacancies surface
Distance /A E.. leV E' [eV Distance /A E./eV E' [eV
(a) drn=1.570 E»=0.0715  E,, =0.00358  d;,=2.207 Ey=0.0710  E':=0.00355
(b) drn,=2.975 E»=0.0892  E,,=0.00466  dn.=1.534 Ewn=0.1699  E'»,=0.00850

HX Dipole moment /D Model

HF 1.9196™ ,
(c) dr=1.765 Er=0.2369 E.=0.01185  dr=0.904 E=0.4365 E'x=0.02183
(d) dew=2.252  Ew=0.3175 E,, =0.00870 dw=1.630  Ewx=0.0107 E,., =0.00029
el L1802 (e) dn=3.303  E.,=0.3856 E:m =0.01056  dw=1.836  E=0.3096 E%D =0.00848
) des=2.151 E:=0.4574  E.,=0.01253  du:=1.511 E:=0.4843  E.,=0.01327
() dpi=2.458  FEy,=0.1259 E,,=0.00155  dy,=1.605  Eu.=-0.1268 E,,=-0.00157
B 0.9440 (h) dy2=3.250  Eu,=0.1898 E,,=0.00234  d;,=1.867 Ew.=0.1824 E,,=0.00225

(i) dps=2.235  E;s=02351 E,,=0.00290 dy;=1.518  E;:=0.2950 E,,=0.00364

3) [R Bl 43 7 B S 23 A 2 1B W BRE A, 5 00 0 B AS  OG  AKOT IR B B BB K B H R (1 R
Tl MRS , B R 225 1 H O (H R ) )R R B

4) AN TR) 11 11 Ak S 231 DA T i o s DR 285 e 5 4 s o7 2% T A, L R R 1 R R A S AR R RN G
O3 AR R K, 7 % T R R
3.2 Mulliken BRI 3 HMESBEETEE

AT RN, b 2R BT A A R B> CL> B, X I Ak &1 38 JE M HF<HCI<HBr, HF \HC1.HBr 3 24 1
P57 28 T HF (HCL HBr 43 7 3 A8 Mulliken H, 17 43 5 10 BfF T 435 42045 37 Ti0-(110)3 1 , A A (c)
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Table 2 Mulliken charge distribution of HF {\HCI \HBr

Model Species sle ple Total /e Charge /e Molecule charge /e Length /A
F 1.96 5.68 7.64 -0.64
Ideal 0 9.49
- H 0.36 0.00 0.36 0.64
F 1.95 5.57 7.52 -0.52
(c) -0.06 10.17
H 0.54 0.00 0.54 0.46
Cl 1.93 5.42 7.35 -0.35
Ideal 0 12.95
H 0.65 0.00 0.65 0.35
HCI
Cl 1.93 5.32 7.25 -0.25
) -0.01 13.07
H 0.76 0.00 0.76 0.24
Br 1.93 5.27 7.20 -0.20
Ideal 0 14.44
H 0.80 0.00 0.80 0.20
HBr
Br 1.90 5.19 7.09 -0.09
(1) 0.06 14.58
H 0.85 0.00 0.85 0.15
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Fig.4 Electron density difference of rutile TiO (110) surface with oxygen vacancies. (a) Adsorption HF; (b) adsorption HCI;

(¢) adsorption HBr
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Fig.5 Density of states of rutile TiO (110) surface before and after adsorption HF \HCI HBr. (a) Complete surface; (b) adsorption HF;
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Fig.6 Dielectric function of rutile TiO,(110) surface before and after adsorption HF (HCl ,HBr. (a) Complete surface;
(b) adsorption HF; (¢) adsorption HCI; (d) adsorption HBr
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Fig.7 (a) Absorption and (b) reflection spectrum of rutile TiO»(110) surface adsorption HF \HC1 HBr
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