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Fig. 1. (a) Top and side views of the pristine monolayer
GeSe; (b) the most favorable configurations for H,y, H,O,
CO, NH;, NO and NO, adsorbed on monolayer GeSe, re-
spectively; (c) external biaxial strain applied on monolayer
GeSe.
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Fig. 2. Band structures of pristine monolayer GeSe at the biaxial stain of 0, —2%, -6%, 4% and 8%, respectively.
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Fig. 3. The characteristics of different gas adsorbed systems versus the biaxial strain ranging from 8% to 8%: (a) energy bandgap;

(b) equilibrium height; (c¢) adsorption energy; (d) amount of charge transfer.
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& 5(a) FIE 5(b) 45 H T IER AR 5 8% WUl A8 T
25 LT 2 4. WL, CO 43T LUMO
L2 GeSe Ml Ge JFLFHLE A BAEH &4 3=
S, T CO 4rF 7 Y fa iz M. g
& 5(a) Fil (b) WTLAE ), 78 8% Hifh i AE T, CO 5
LK GeSe Z[H] 1911 =5 B B ke 0 10 48 B A7 i 48
K, BN T EMTZ M EAER, #Ei S5 Cco M
B GeSe 15 2 (14 FL 5506 r sk b [R)BE, Bl 2 XL
1) A A -8% AE AL 3 8%, NH.5 Wiz Bk Hs) i) - =5
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HUAEAE B . X — I AT A 6% —8% 7 {45 F Y
F2 4y By B FE A A (IR 5(c) A 5(d)) Hh A5 3 56
iE. 8% Pifii i 2 T NO, 40 7 O Ji 1 5 M1 4B
Ge JRFIE B T e pr i, IXRhas Z i fh 27 i A (A5
KM Ge JEFE T HFREINE, S4ASF LUMO

mm Enomo/eV
mm Epyyo/eV

H, H,0O NH; CO NO NO,

B4 (a) 20T W BT R B0 9 oK BE 21 -5 0L ] B2 B O R 25 (b) BLJR GeSe TE 8% —8 % XAl I i A2 i 161 1A 14 9% K fiE

% SRS T B9 HOMO F1 LUMO DA K W2 Bt 22 1Y 26 K BE 2%

Fig. 4. (a) Fermi—level of different gas adsorbed systems versus the biaxial strain ranging from —8% to 8%; (b) Fermi-level of

pristine monolayer GeSe under the biaxial strain from —8% to 8%, molecular HOMO and LUMO levels and Fermi-levels of the ad-

sorbed systems.
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B 5 COZZTWHHAZRTED AN  (a) e = 0 (b) e = 8% F, NO, 73 T W B 1A 22 75 XUk 16 B 48 () € = 6% Ml (d) € =
8% T 2.0 x 1073 e/A3 2 fE I (1 22 43 v faf 25 13 40 05 1, HG vb 8 €0 R 5 €0 26 B 1 0 01 26 /R WL F I B ARE . [ PR il T s g 6 8%

Y 75 1] AR /N A B R 5SS R 43 ) HOMO #T LUMO

Fig. 5. Side views of the differential charge densities (DCD) for CO adsorbed system at (a) e = 0 and (b) e = 8%, NO, adsorbed
system at (a) € = 6% and (b) ¢ = 8%, respectively. The isosurface is taken as 2.0 x 103 e/A3. The electron accumulation (deple-

tion) regin on the DCD isosurface is indicated by yellow (blue). The direction (indicated by an arrow) and value of the charge

transfer are shown. Insets show the HOMO and LUMO of a single gas molecule.
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Effect of biaxial strain on the gas-sensing of monolayer GeSe®
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Abstract

The adsorptions of various gas molecules (H,, H,O, CO, NH;, NO, and NO,) on monolayer GeSe versus the
external biaxial strain in a range of —8% to 8% are investigated by first-principles calculations. The band
structures, the equilibrium heights, the adsorption energy, and the amount of charge transfer are determined.
The calculated results show that monolayer GeSe changes from indirect-to-direct and semiconducting-to-
metallic under a certain biaxial strain. The adsorbed gas molecules hardly change the band gap of monolayer
GeSe even under a biaxial strain in the whole range from —8% to 8%. The calculated adsorption energies under
different strains reveal that the external biaxial strain has no significant effect on the adsorption stability of the
gas molecules on monolayer GeSe, so it seems impossible to promote the desorption of the gas molecules by
applying strain. It is found that NO, under the biaxial tensile strain of 8% tends to be bound with the
monolayer GeSe by chemical bond which leads to being-difficult-to-desorb. Besides that case, the investigated
gas molecules are physisorbed on the GeSe surface and have a certain probability of adsorption and desorption.
The charge transfers of CO, NH;, NO and NO, adsorbed systems under the biaxial strain from -8% to 8%
change somehow but are still non-negligible, while for H, and H,O, their charge transfers are too small to be
detected by the monolayer-GeSe-based gas-sensor. Thus, due to the moderate adsorption energy and charge
transfer, monolayer GeSe can be a promising candidate as a sensor for CO, NH; and NO under the biaxial
strain from —8% to 8%, and for NO, in the range from -8% to 6%. It is worth noting that because of the
appropriately lower adsorption energy and bigger charge transfer, a bigger biaxial compressive strain, ranging
from 6% to -8%, can improve the response speed and sensibility to CO and NO of monolayer GeSe.
Furthermore, the effect of the external biaxial strain on the adsorption stability and the charge transfer are
discussed based on the two mechanisms of charge transfers, i.e. the traditional and the orbital mixing charge
transfer theory. The charge transfer of NH; is governed by mixing the molecular HOMO with the orbital of
GeSe, while for CO, NO and NO,, their charge transfers are most likely determined by different mechanisms
under different external strains, which results in different influences on the charge transfer. The present study
would be valuable for fully excavating the gas-sensing potential of the two-dimensional GeSe, and then
providing sufficient theoretical basis for designing high performance gas sensors based on two-dimensional
materials.
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