%425 F 22 81/2022 F 11 B/R¥E¥R

K EHRIK

SRR B A B LR 5
JEREE

= gk o | 2 = ) 2
ERE VA, EAE, kiR
VKRS B A B B S, EK 4015205

TH RIS i TR 2B, H K 401331

FE ORHZE T 0 oR B R AT A0 5 — 1 D B i O O 350 ik B T 20 A AR [ THO,(110) J 3% 1hT M
B S CHL) B BROW ML AR L 313 T THO, 2 17 A W B B8 L 25 48 2 L Pl 4 A Jmg MDY = R s 9 A8 1k o 5 R T i (C) B4
(Mo) VA L& C Mo 34224 1 4 2140 A1 T1O,(110) 181 1) 78 55 W B HL, W B O 5008 T A2 e Bt . 820 )5 5 A iy 2% o
REZL AT LA S0 A 1 5 a5 X 20 ), O L T FE AR rh A BR AT 4RI BB ™ B0 T THO, 3R Y627 M i, 76 T I 380~
780 nm W [ Y C Mo 3442, H Mo 228 FL L C B 28 MRHAOE A P BE IR IR IR . C Mo JE4B I, TiO, 2 1 A I i 2 25 A I
AT ARUEAERHORAB AW 20 A B2 8 T 29 SAE AN 6 4% o A TAE IR T AT TiO, 2 1 W B HL, B9 GOULAIL ) fy B2 Ak , T8 2% 7
HUCE T MR R RE O TiO, 78 HL A& AR B9 B H P 41 1 B8 S04 .

REW FTHTYHY; SO0 EEZRENE; A R

FESES 0469 XERARER A DOI: 10.3788/A08202242.2202001

Microscopic Mechanism of Hydrogen Adsorption on Rutile Titanium
Dioxide Surface and Its Optical Properties
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Abstract This paper studies the microscopic mechanisms of H, adsorption on the rutile TiO, (110) surface by the first-
principle plane-wave ultrasoft pseudopotential method based on density functional theory. The changes in the adsorption
energy, density of states, distribution of charges, and optical properties on the TiO, surface are calculated. The
experimental results indicate that the rutile TiO, (110) surfaces doped with C, Mo, and C-Mo separately can easily adsorb
H, in the way of chemical adsorption. After doping, the impurity level formed in the forbidden band can induce the
separation of photogenerated electrons and holes. This provides a "step" for electron transitions in the forbidden band and
improves the optical properties of the Ti0, surface. In the visible light range of 380-780 nm, the optical performance of C-
Mo co-doping, Mo doping, and C doping materials decreases in turn. The absorption coefficient and reflectance peak of the
Ti0, surface doped with C-Mo are increased by about 5 times and 6 times, respectively, compared with those of the
undoped one. This study deepens the understanding of the microscopic mechanism of H, adsorption on the TiO, surface
and improves the optical properties of the material by using the doping method, which provides theoretical support for the
application of TiO, in hydrogen sensors.
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Fig. 1

Atomic structures of rutile TiO, (110) surface before and after optimization. (a) Before surface optimization; (b) after surface

optimization
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Fig. 3 Atomic structures of H,adsorption on rutile TiO, (110) surface after optimization. (a) With oxygen vacancy; (b) C doping;
(c) Mo doping; (d) C and Mo co-doping
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Table 2 Mulliken charge distribution of H, molecule
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