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Abstract

Metal semiconductor oxides have been studied as gas sensor materials due to their ease of
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fabrication, low power consumption, and high sensitivity, among which molybdenum trioxide (Mo0Os3)
has been widely investigated due to its fast response time, ease of manipulation, high tunability,
sustainability, and non-toxicity. Especially in the field of acetone gas sensors, MoOs plays a great
role. In this context, we further explored the adsorption mechanism of MoO3 on acetone gas, and its
adsorption performance on acetone has been improved by fabricating defects on the crystal surface
of M0o03(010) and doping with other metals. In this paper, three oxygen vacancy defects were fabri-
cated on the intrinsic Mo03(010) crystal surface, and the electrical properties of the oxygen-defi-
cient MoO3(010) crystal surface and its adsorption performance parameters of acetone were calcu-
lated, and the density of states and differential charge densities were analyzed, and the structural
changes of the crystal surface before and after the adsorption were compared. The results show that
the oxygen vacancy defects can narrow the MoOs forbidden band width and the optimal adsorption
positions of different oxygen vacancy defects for acetone are above the exposed Mo atoms, with ad-
sorption energies in the range of —0.4 eV to -0.5 eV, the exposed Mo atoms getting electrons in the
range of 0.1 e to 0.2 e, and the adsorption distances in the range of 2.1 A~2.4 A. In summary, this
study concludes that the adsorption of acetone on the oxygen-deficient Mo03(010) crystal surface
is chemisorption, and the adsorption properties of acetone on the one-coordinated oxygen defects
and the two-coordinated oxygen defects are almost identical, and the adsorption performance of
acetone on the oxygen vacancy-deficient Mo03(010) crystal surface is significantly improved com-
pared with that of the intrinsic Mo03(010) crystal surface.
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Figure 1. (a) Top view of the intrinsic MoO3(010) crystal plane; (b) Vo1 configuration: One coordination O defect; (¢) Vo
configuration: dual coordinated O defect; (d) Vo123 configuration: One, two, three coordination O1, Oz, O3 are all defective
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Table 1. Formation energies of three defect configurations

1 =PRI BRI AR RE

BRFETY Vo1 Vo2 Vo123
T fE (eV) 3.22 5.22 20.00
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Figure 2. Total density of states before and after the formation of three types of defects in MoOs
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Figure 3. (a) shows the comparison of the optimal adsorption position of acetone on the defect configuration Vo1 surface
before and after adsorption; (b) Comparison of the optimal adsorption position of acetone on the defect configuration Vo2
surface before and after adsorption; (c) Comparison of the optimal adsorption position of acetone on the defect configuration
Vo123 surface before and after adsorption
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DOI: 10.12677/cmp.2024.134006 49 B


https://doi.org/10.12677/cmp.2024.134006

=1

AN AR PR 2R Xof TR R PR B P PR G e RS B [13]-[15], X AR 518 2 = MhBE T AT 5 S A AR B )
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Table 2. Adsorption performance parameters of acetone on defect configurations Vo, Voz, and Vo123 surfaces

% 2. WENTESRPEME Vo, Voo Vo BRFEHBLRE R MITERES B

gt T FtfE AEads (eV) A Q (o) T HEERS D (A)
Vo1 —0.454 0.15 2.13
Vo2 —0.467 0.15 2.14
Vo123 -0.433 0.13 2.35
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Figure 4. Comparison of total density of states of MoO3(010) with three types of oxygen defects before and after adsorption
of acetone gas
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Figure 5. Partial wave density of states of s, p, and d orbitals of Mo atoms and s and p orbitals of acetone O atoms exposed by
three adsorption models exposed by three adsorption models
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Figure 6. Density of states of O before and after adsorption of acetone on MoO3(010) surface with three types of O defects
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Figure 7. Differential charge density maps (a), (b), and (c) of acetone adsorbed on the surfaces of three defect configurations:
Voi, Voz, and Vo123
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Figure 8. Cross sectional views of differential charge density of acetone adsorbed on the surfaces of three defect configurations,
Vor, Voz, and Vouzs (a), (b), and (c)
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