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Abstract The first-principles plane-wave supersoft pseudopotential method based on the density functional theory
(DFT-D) is used to determine the optical CO gas-sensing properties of pure, single-doped N, single-doped Rh, and
N/Rh codoped rutile TiO; (110) surfaces. We observe that the pure and doped surfaces of rutile TiO, exhibit certain
optical CO gas-sensing characteristics that results from variations in surface oxidation performance. We find that N/
Rh codoping greatly improves surface oxidation. The adsorption of CO gas on an N/Rh co-doped surface is
characterized by a negligent adsorption distance, enormous adsorption energy, and unparalleled stability after
adsorption; it is also easy to implement. Therefore, N/Rh co-doped surfaces are more effective at optical gas
sensing when compared with pure and single-doped surfaces, and N/Rh codoping is a suitable way to improve the
optical gas-sensing properties of TiO, .
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Table 1  Adsorption distance and adsorption energy of CO
gas adsorbed pure, N-doped. Rh-doped, and N/
Rh co-doped surface
Adsorption distance /nm )
Adsorption
System Before After
. ) energy /eV
adsorption adsorption
Pure 0.230 0.200 0.307
N-doped 0.230 0.192 0.313
Rh-doped 0.230 0.191 0.319
N/Rh co-doped 0.230 0.171 0.429
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Fig. 2 Models of four CO gas absorbed surface structures. (a) Pure surface; (b) N-doped surface;
(¢) Rh-doped surface; (d) N/Rh co-doped surface
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Table 2 Charge population distribution after adsorption of CO gas on different doped surfaces

System Element s /e p /e Total /e Charge /e Aq /e
C 1.62 1.99 3.61 0.39

Pure —0.21
O 1.88 4.72 6.60 —0.60
C 1.61 2.00 3.61 0.39
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Fig. 3 Surface state densities of four CO gas absorbed surfaces. (a) Pure surface; (b) N-doped surface;

(¢) Rh-doped surface; (d) N/Rh co-doped surface
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Fig. 5 Spectra of four CO adsorbed surfaces. (a) Absorption spectrum; (b) reflectance spectrum
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