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Deformation mechanism of α-Ag2S under pure shear load along the (100)[00-1] slip
system

Fig. S1 Deformation mechanism of α-Ag2S under pure shear load along the (100)[00-1] slip system. (a)
The intact structure. (b) Atomic structure at 0.322 shear strain, before the structural failure. (c) Atomic
structure at failure strain of 0.334. (d) The typical bond lengths (Ag3S2, Ag3S1, and Ag1S1) as a
function of shear strain. The breakage of the Ag3S2 bond leads to the slip between stacked Ag-S
frameworks, giving rise to the failure of α-Ag2S for shearing along (100)[00-1].
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Deformation mechanism of α-Ag2S under uniaxial tensile load along the [100]
direction

Fig. S2 Deformation mechanism of α-Ag2S under uniaxial tensile load along the [100] direction. (a)
The intact structure. (b) Atomic structure at 0.149 tensile strain, at which the Ag5S1 bond breaks while
the Ag6S3 bond recovers. (c) Atomic structure at failure strain of 0.270. (d) The typical bond lengths
(Ag5S1, Ag3S1, Ag1S1, Ag3S2, and Ag6S3) as a function of tensile strain. The softening and
breakage of the Ag5S1 bond leads to the structural softening from 0.104 to 0.149 tensile strain (Fig. 2a).
While recovery of the Ag6S3 bond further couples the stacked Ag-S frameworks (Fig. S2b), leading to
the plastic deformation of α-Ag2S with further increasing tensile strain. At 0.27 failure strain, the breakage
of the Ag3S2 bond leads to the failure of α-Ag2S along the [100] tension.
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Bond-responding response of α-Ag2S under biaxial shear load along the (100)[010]
system

Fig. S3 Bond-responding response of α-Ag2S under biaxial shear load along the (100)[010] system. (a)
The intact atomic structure shear along (100)[010] system. (b,c) The typical bond lengths (Ag5S1,
Ag1Ag5, Ag2S1, Ag1S1, and Ag3S1) against shear strain (b) under biaxial shear load and (c) under
pure shear load. Under biaxial shear and pure shear loads, α-Ag2S exhibits the similar bond-responding
response: The Ag1Ag5 bond reforming strengthens the material, holding the stacked Ag-S frameworks
together and remaining the structural integrity. The breakage of the Ag2S1bond leads to the failure. These
bond-responding responses well explains the similar stress responses under biaxial shear and pure shear
load, as shown in Fig. 6.
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The detailed deformation simulation setups
To simulate quasi-static mechanical loading process, we applied pure shear and uniaxial
tensile deformations on α-Ag2S by imposing the shear or tensile strain on a particular system
while allowing structural relaxation along the other five strain components.1
To obtain stress-strain curves, a small shear strain was applied sequentially to the supercell
configuration relaxed in the previous step. We predefined a 1% level of strain as the small strain
increment for each deformation step. This stress – strain curve was used to obtain the ideal shear
strength, and to determine the deformation modes responsible for ductility in single crystalline αAg2S.
The biaxial shear deformation was also examined to mimic the stress conditions in Vickers
indentation experiments. Here we considered a biaxial stress distribution beneath an indenter with
a shear stress (xz) and a normal compressive stress component (zz). They are constrained as

 zz   zz tan  , where   68o is the centerline-to-face angle for a Vickers indenter.2
The residual stresses for relaxation along the other strain components both in pure shear,
uniaxial tensile and biaxial shear deformations are all less than 0.1 GPa. This relaxation method
has been proved to be an effective tool to shed lights on the intrinsic deformation mechanism at
the atomic scale.3
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