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Figure S1: Dichromatic pattern of the (a) Σ37 and (b) Σ19 GBs. Empty and filled markers
represent sites from lattice 1 and lattice 2, respectively, while coincident lattice sites are
shown as half-filled circles. Overlaid triangles indicate regions connecting three such coinci-
dent sites.
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Figure S2: Atomic structures for all grain boundary misorientations examined in this work.
Molybdenum (sulfur) atoms are colored gold/red (teal/blue). The boundary structures are
composed of 5|7 ring motifs whose spacing decreases with increasing the misorientation angle.
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Figure S3: For the Σ19 GB with a misorientation angle of 13.2◦: (a) strain-rate dependence
of the tensile deformation behavior at 10 K. (b) At an applied tensile strain of 5%, snapshots
depicting the atomic structures colored by the per-atom shear strain for different strain-rates.
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Figure S4: For the Σ19 GB with a misorientation angle of 13.2◦, stress-strain curves at
temperatures ranging from 5 K to 300 K. Each curve is colored by the corresponding tem-
perature.

S-3



Temperature [K]

0.18

0.20

0.22

0.24

0.26

0.28

18

20

22

24

26

28

30

5 10 30 50 70 100 150 200 250 300
Temperature [K]

Fa
ilu

re
 S

tra
in

Te
ns

ile
 S

tre
ss

 [G
Pa

]

(a) (b)Σ1951   θ = 1.3º Σ127   θ = 5.1º

0.18

0.20

0.22

0.24

0.26

0.28

18

20

22

24

26

28

30

Te
ns

ile
 S

tre
ss

 [G
Pa

]

Fa
ilu

re
 S

tra
in

5 10 30 50 70 100 150 200 250 300

Figure S5: The ultimate tensile stress and ultimate failure strain as a function of temperature
for GBs with a misorientation angle of (a) 1.3◦ (Σ1951) and (b) 5.1◦ (Σ127). Each point
represents the mean of three runs with the error bars indicating the maximum and minimum
values.
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Figure S6: For the GB with a misorientation angle of 13.2◦, GB structure predictions using
DFT and classical atomistic simulations employing the ReaxFF used in this work.

DFT simulations were performed in VASP,S1,S2 using the Perdew, Burke and Ernzerhof

generalized gradient approximation exchange-correlation functionalS3 with empirical disper-

sion corrections added using the DFT-D3-BJ scheme.S4,S5 A plane-wave cutoff of 520 eV was
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used with Gaussian smearing with a 0.05 eV smearing width. For the self-consistent field

optimization, a convergence tolerance of 10−5 eV was used. Ionic relaxations were performed

until all forces were less than 0.01 eV/Å. A 1× 8× 1 Monkhorst-Pack scheme was used for

k-point samplingS6 with a “normal” flag set for integration. For a GB with a misorientation

angle of 13.2◦, Fig. S6 shows boundary structure predictions using DFT and the ReaxFF po-

tential used in this work, where it can be seen that both simulation methods predict similar

structures for the 5|7 ring motifs.
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