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Gas sensing properties on SnSe; single atom layer: first principle study
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Abstract: For exploring the gas sensitivity of SnSe; single atom 2D layer, geometry optimization and
energy calculation were carried out to search out the best adsorptive site and sorption capacity for SnSe
single layer adsorbed respectively with H,, CO, NHs; and NO. gas molecules. The parameters are
calculated based on the first principle method such as Density Functional Theory(DFT) including bond
length and its angle, band structure, total density of state, electronic density and charge difference density.
The relationship between the electronic structure changes and the gas sensing was studied. The result
reveals that H, and CO cannot change the electronic structure of SnSe: single layer, but fresh impurity
level is generated because of adsorption of NO, and NHs. This new level locates between Conduction Band
Minimum(CBM) and Valence Band Maximum(VBM) and pushes the 509 Fermi level down to VBM by NH;,
or up to CBM by NO: in shallow level. The charge difference density show that nothing changed by Hz and
CO adsorbed on SnSe; single layer, but some electrons gathering occurred locally on sorption site in the
layer adsorbed by NO., and electrons shifted to surface atom after adsorbing NHs. It is distinct that SnSea
2D single layer has the obvious gas sensitivity for NO, and NH; and the good selectivity for NO; as well.
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Fig.2 Adsorption sites and interaction distances of gas
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Tablel Adsorption levels of gas molecules at optimal sites

gas adsorbate bond length change/% bond angle change/% adsorption energy/(kcal/mol)
H, —4.00 0 -1.946 8
co 0 0 —40.992 3
NH; 4.30 0.13 -5.8855
NO, 8.97 10.52 —72.671 6
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Fig.4 Variation of density of states of SnSe, monolayer film adsorbing different gases
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(c) Electron Local Function(ELF) of SnSe, monolayer adsorption of different gas molecules
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Fig.5 Electron density, charge differential density and ELF after adsorbing different gases
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