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Fig. 1. Top (left panel) and side views (right panel) of
atomic structure of the Janus MoSSe monolayer. The blue,
light gray and light yellow balls represent Mo, Se and S

atoms, respectively.
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Fig. 2. Stress-strain curves for perfect Janus MoSSe monolayer subjected to uniaxial tension along AC and ZZ directions respect-

ively, at temperatures between 1 and 800 K.
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Fig. 3. (a) Temperature effect on Young’s modulus of perfect Janus MoSSe monolayer under uniaxial tension along AC and ZZ dir-

ections, respectively; (b) thermal expansion coefficients.
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Fig. 4. (a) Stress-strain curve for perfect Janus MoSSe monolayer under tension along AC direction at 1 K; atomic snapshot and as-
sociated stress distribution under each strain state of (b) 18.96%, (c) 18.97%, and (d) 19.16%.
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Fig. 6. Taking a few snapshots of MoSSe monolayer under uniaxial strain states as examples: (a) Relaxed structures under uniaxial
strain along zigzag direction before and after phase transtion; (b) relaxed structures under uniaxial strain along armchair direction.
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Abstract

This work systematically studies the mechanical responses of a novel semiconducting Janus MoSSe
monolayer subjected to uniaxial tensile loadings by molecular dynamics simulations. It is found that the Janus
MoSSe monolayer shows clearly anisotropic responses along armchair direction and the zigzag direction. The
phase transition behavior is observed when the Janus MoSSe monolayer is under the action of tension along the
zigzag direction at temperatures below 100 K, while it does not exist in any other conditions. The Young’s
modulus, ultimate strength and ultimate strain decrease with temperature increasing. Particularly, the ductile-
to-brittle fracture behavior is observed when uniaxial tension is applied along the zigzag direction depending on
temperatures. The underline fracture mechanism is analyzed. Moreover, mechanical properties of Janus MoSSe
monolayer with various grain boundaries are also carefully explored. It is found that the ultimate strength and
ultimate strain depend more sensitively on narrow grains than on those wider ones. The crack is initialized near
the grain boundaries and propagates along the direction almost perpendicular to the grain boundaries. The
findings of this work may shed light on design and optimization of nanoscale electronic devices based on the

Janus MoSSe monolayers.
Keywords: Janus MoSSe monolayer, mechanical properties, grain boundaries, molecular dynamics simulations
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