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Fig. 1. Band structure of (a) MoS, and (b) V-MoS,; Bader charge of (c) MoS, and (d) V-MoS,.
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Fig. 2. Top and side views of the most stable adsorption

configurations of the four probe molecules on the 5 x 5 x 1
MoS, (0001) surface before and after V doping.
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THI ) T RE | W BREEE 25 71 Bader HALTAT

Table 1.  Adsorption energy, adsorption distance,
and Bader charge of four probe molecules on the sur-
face of MoS, before and after V doping.

IR MBS Baderd
fik/eV  BI/A HAQ/e
NH;-MoS,(0001) 5 x 5 x 1 —0.128 3.19 0.03

NO,-MoS,(0001) 5 x 5 x 1 —0.193 2.94 -0.08

Mustard gas-MoS,(0001)
5x5x1

Sarin-MoS,(0001) 5 x 5 x 1 —0.420  2.82  -0.03
NH,-V-MoS,(0001) 5 x 5 x 1 —-1.597  2.20 0.1

NO,-V-Mo0S,(0001) 5 x 5 x 1 -3.639  1.99 -0.57

Mustard gas-V-MoS,(0001)
5x5x1

Sarin-V-MoS,(0001) 5 x 5 x 1 -2.198 2.10 -0.06

W

-0.535 2.86 -0.06

-1.641 2.45 -0.10
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Fig. 3. Relationship between sensitivity of MoS, gas sensor
to (a) NO, and NH; of 20 x 10 ¢ volum percent, (b) 1 mg/m?
of sarin and mustard gas and Bader charge before and after
V doping.
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Abstract

With their high toxicity and fast diffusion, toxic agents such as mustard gas and sarin are chemical warfare
agents that are of high lethality and difficult to protect against. Therefore the high-sensitivity detection of toxic
agents has become a focus in research on chemical detection in the world. Two-dimensional (2D) MoS, is at the
forefront of research because of its unique structure and promising sensing performance. In this study,
theoretical calculations based on the first-principles method are carried out to investigate the structural
stability, electronic properties, and gas adsorption of 2D MoS, before and after V doping in order to explain the
gas-sensing mechanism of V-doped 2D MoS,. The binding energy of V atom at the S-vacancy is —6.85 eV,
indicating that the V atom can be stably doped into the S vacancy of the 2D MoS, supercell structure at room
temperature due to the strong interaction between the doped V atom and S vacancy of monolayer MoS,. The V
atom doped into the 2D MoS, system gives out electrons to surrounding Mo atoms as a donor center, thus
enhancing the electric conductivity of the material. The calculation of adsorption energy indicates that the
adsorption process of NO,, NHj, sarin, and mustard gas on the surface of 2D MoS, are all spontaneous
exothermic reactions. The doping of V increases the adsorption capacity of 2D MoS, for the 4 aforesaid gases,
and strengthens the interaction between the electrons of the absorbate molecules and those of substrate surface,
thus effectively enhancing the gas-sensitive property of 2D MoS,. This effect occurs due to the strong overlap
between the V 3d orbitals and gas molecule orbitals, which promotes the activation of the adsorbed gas
molecules. The analysis of Bader charge shows that the charge transfer occurs from V-doped monolayer MoS, to
the oxidizing gas molecules (NO,, sarin, and mustard gas) acting as acceptors. Whereas the direction of charge
transfers is reversed for the adsorption of the reducing gas (NHj) behaving as donors, in which 0.11e transfer
from adsorbed gas to metal V-doped monolayer MoS,. Our results suggest that V-doped monolayer MoS, is an
ideal candidate for low-cost, highly active, and stable gas sensors, which provides an avenue to the design of

high active 2D MoS,-based gas sensors.

Keywords: V-doping, 2 dimensional MoS,, first principles calculation, gas-sensing mechanism

PACS: 07.07.Df DOI: 10.7498 /aps.70.20202043

1 Corresponding author. E-mail: 799401505@qq.com

080701-6


http://doi.org/10.7498/aps.70.20202043
http://doi.org/10.7498/aps.70.20202043
mailto:799401505@qq.com
mailto:799401505@qq.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

