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Fig. 1. (a) Top view and side view of Janus monolayer
MoSSe, the solid line rhombuses represent the unit cell;
(d) definition of chiral
angle 6 and the loading direction applied on the lattice with

(b) 29, yp coordinate system; (c),

a chiral angle 6, the Mo, S and Se atoms are shown by

purple, yellow and green balls, respectively.
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Fig. 2. Stress-strain curve under different chiral angels
(between 0°-30°) of Janus MoSSe, the vertical dashed line
indicates the boundary between isotropic and anisotropic
response of the lattice; (b) side view of the fractured struc-

ture of monolayer Janus MoSSe.
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Fig. 3. Chiral angle dependence of normalized in-plane stiff-
ness C1(0)/Ci(0°) of MoSSe and its parent materials MoS,
and MoSe,, the normalization factor is taken from Cj(0°) of
MoS,, which has a value of 121.01 N/m.
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Table 1. Critical strains for chiral angles from 0° to 30°.

FHEf/(C) AR/ % | FA/C) IRFRAE /%
0 17.258 18 22.019
3 18.43 21 23.239
6 18.43 24 25.716
9 18.43 27 25.716
12 18.43 30 25.716
15 20.811
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Fig. 4. Chiral angle dependence of (a) strength and (b) toughness of monolayer Janus MoSSe. DFT first-principles calculation res-

ults are plotted in red dots, and the results of approximate linear model are given by blue curves.
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First-principles study of mechanical properties of Janus
monolayer MoSSe under uniaxial tensile
strains at different chiral angles”
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Abstract

The monolayer Janus MoSSe is different from its parent materials MoS, and MoSey. It is of great
significance to study the unique mechanical properties of monolayer Janus MoSSe under uniaxial strain due to
the asymmetry of its structure. Theoretical studies can provide useful support for improving the mechanical
properties of monolayer Janus materials under strain. By using the first-principles method based on the density
functional theory and combining the classical mechanics analysis, the mechanical properties of monolayer Janus
MoSSe with broken symmetry under uniaxial tensile strain at different chiral angles are investigated. The
results show that the stress-strain curves are isotropic at different chiral angles when the strain is less than 5%.
When the strain exceeds 5% and the Mo—S bond and Mo—Se bond are not broken, the stress-strain curves at
different chiral angles show strong anisotropic responses. The strength and toughness of monolayer Janus
MoSSe are highly anisotropy- and chirality-dependent. In contrast, its in-plane stiffness remains constant at
different chiral angles. By comparing the results from the first-principles method of quantum mechanics with
those from the classical mechanics method, it is shown that first-principles calculations involving many-body
interactions between electrons play an important role in determining the strength and toughness of this
material. This is because the first-principles method can incorporate more accurately the many-body
interactions between electrons. This study provides guidance for constructing and developing monolayer Janus
MoSSe based nanomechanical devices.

Keywords: monolayer Janus MoSSe, stress, strain, mechanical properties, first-principles calculations
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