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Abstract The study on characteristics of optical gas sensing materials after gas adsorption is a hot issue. The
microscopic mechanism and optical characteristics of rutile titanium dioxide (110) surface adsorption NH; molecules
are studied. The results show that NH; molecules are easy to be adsorbed by rutile titanium dioxide (110) surface
containing oxygen vacancies. The higher of oxygen vacancy concentration, the more stability of NH; adsorption, and
the main way of surface adsorption NH; molecule is negative charge center down. When oxygen vacancy
concentration reached 33 % , adsorption energy is 1.7313 eV. The adsorption of NH; is chemical adsorption, and the
H atom of NH; is reduced and N atom is oxidized. In visible light range from 1.5 eV to 3.1 eV, 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 before and after optimization
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Fig. 2 Atomic structures of rutile TiO, (110) integrities surface adsorption NH; before and after optimization
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Fig. 3 Atomic structure of rutile TiO, (110) surface with one oxygen vacancy adsorption NH; before and after optimization

@ 9 0.1700
Y

- - - . - .~
o > M > = - W > = | Wi > 4 o> IS >
> * b p »
@ 00799 nm_ ) i E 0.0578nm Wit 6,90.2506 nm

P4 ARG NH, 0B T 5 A S 23 i Bk B 19 i 200 A THO, (110) 1 Ay J5 1 45 14

Fig. 4 Atomic structure of rutile TiO, (110) surface with two oxygen vacancies adsorption NH; before and after optimization
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Table 1 Distance of rutile TiO, (110) surface adsorption NHj

Adsorption form Perfect surface Sof}ffg:; V:;tc};r?cl;e gi;?;; \Zictrnz‘izcs)
Positive charge Distance before optimization/nm 0.1700 0.1700 0.1700
Center adsorption Distance after optimization /nm 0.2788 0. 0833 0.0799
Negative charge Distance before optimization /nm 0.1700 0.1700 0.1700
Center adsorption Distance after optimization /nm 0.3122 0. 0633 0.0578
H—H horizontal Distance before optimization /nm 0.1700 0.1700 0.1700
Adsorption Distance after optimization /nm 0.2396 0.1937 0.2135
H end Distance before optimization /nm 0.1700 0.1700 0.1700
Adsorption Distance after optimization /nm 0.2519 0.2798 0. 2506
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Table 2 Adsorption energy of rutile TiO, (110) surface adsorption NH;

Perfect surface

Surface with one oxygen vacancy Surface with two oxygen vacancies

Adsorption form

E../eV Ela/eV AE=(Eu—FEu) /eV E'w/eV AE=(E"w—FE.a)/eV
Positive charge center adsorption 0. 3496 1.3848 AE= 1.0352 1.4145 AE= 1.0649
Negative charge centeradsorption 0.526 1.6203 AE=1.0943 1.7313 AE=1.2053
H—H horizontal adsorption 0.5702 1.0673 AE=0.4971 0.9349 AE=0. 3647
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Table 3 Atomic Mulliken populations of NHj

Species sCe) pCe) Total (e) Charge (e)
N 1.73 4.53 6. 26 —1.26
H, 0.58 0 0.58 0.42
Ideal NH;
H, 0.58 0 0.58 0.42
H, 0.58 0 0.58 0.42
N 1. 69 4. 38 6.07 —1.07
TiO, (110) surface with two oxygen vacancies H, 0.63 0 0.63 0. 37
adsorption NHj after optimization H, 0.63 0 0. 63 0. 37
H; 0.67 0 0.67 0. 33
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Fig. 5 Charge density distribution map of rutile TiO, (110) surface with two oxygen vacancies adsorption NH;
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Fig. 7 Dielectric function of rutile TiO, (110) surface before and after adsorption NH;
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