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Table 1. Mechanical properties of single-layered MoS2(SLMoS3).

. AR T P I EE THIAE JERE .
Sk WIRES
E/GPa E2P /Nm—! v t/ A
Ref.[6] 200.3 123.08 0.25 6.145 PBE
Ref.[7] 200 — — 6.145 PBE
Ref.[8] — 123 0.25 — PAW
Ref.[9] — 120.1 0.254 6.5 PBE
Ref.[10] 270+100 180£60 0.27 6.5 Indentation
Ref.[11] — 120430 0.29 6.15 Indentation
Ref.[12] 300+100 — 0.25 — Indentation
Ref.[13] 229.0 139.4 — 6.09 MD(SW)
Ref.[14] — 114.5 0.267 — PBE
— 161.3 0.139 — MD(CVFF1)
— 128.9 0.092 — MD(CVFF2)
— 70.4 0.361 — MD(SW)
— 121.8 0.274 — MD(REBO)
Ref.[15] — 128.75 — 6.09 MD(SW)

7E: PBE, Perdew, Burke, Enzerhof 2 ifi; Indentation, 44K EJR; PAW, #5240 FI#; MD, 4513 /1544
#l; REBO, reactive empirical bond-order # #%{; CVFF, constant valence force ¥ p%{.

2 AR gk
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Fig. 1. (color online) Atomic structure of SLMoSs.

%2 LAMMPs fi I SW % i £ty 24 [22)
Table 2. SW potential parameters for LAMMPs [22],

5 o a A

~ cosbo A Br, P q

Mo-S-S 1.0 1.252 2.523 67.883

S-Mo-Mo 1.0 1.252 2.523 62.449

1.000 0.143 6.918 7.223 4 0

1.000 0.143 6.918 7.223 4 0
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Poamp BUEEAF 5075 v 75 I 18] 6 2 38 0, (H 5% B
JZ MoSy 14 A5 5 1 52 e R B U] 5 ) 4k - R T
HFE. BB A AT I Paamp I, FEX=ARFERH,
7 A Tl 20 B JE Moo 3 M 5L 5 14D 5 i R 0 K.

#4 B

Rk, s+ B =HE K =AKF, Bk
BZ MoS, HI 5 M # &  154.5—161.4 GPa, 4
PR SCHR [22) A5 3, M ZE AT 10%. F &
BRI RS OK B At B AR SR 2 8N | P ZUE
K, 5T S BR TH SS A s, 5 ST A
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Table 3. Elements of orthogonal experiments.

H#%E/KV  Size/Ax A  Pyamp/ps  Strain rate/ns~!
1 54.8 x 50.7 0.1 0.01
2 115.2 x 129.8 1.0 0.1
3 202.9 x 202.6 10 1
R

Table 4. Results of orthogonal tests.

e Size/A x A Piamp/ps Strain rate/ns ™! Young’s modulus
1 2 3 E/GPa
1 1 (54.8 x 50.7) 1(0.1) 1(0.1) —
2 1 2 2 (0.01) 154.7
3 1 3 3 (1) 157
4 2 (202.9 x 202.6) 1 2 —
5 2 2 (1.0) 3 156.9
6 2 3 1 154.5
7 3 (115.2 x 129.8) 1 3 —
8 3 2 1 155.6
9 3 3 (10) 2 161.4
(KPR K1 Ko K3 311.7 — 310.1
311.4 467.2 316.1
317 472.9 313.9
OKTP3IE) Koy Ko ks 103.9 — 103.4
103.8 155.7 105.4
105.7 157.6 104.6
(%) R; 1.9 1.9 2.0

i R AP 7 FoREMR AL R B nan.

3.2 ﬁFMOSzj:_L'fEEjJ%&I’%l‘EE’J/mr%[r

Bl 245 H T B2 MoS, 76 1800 K N i)
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T5L B Y AC T ZZ 7 1) P B e D 2 588 F 1)
RLRMEIZHIRN. AR AC T RIS ZZ 7 1A,
JZ MoSq HIFL M58 5 a5 AR 23+ o B2, 43N

—10.39 1 —9.80 MPa/T, WK 2 (c). a2, ¥
B AT 1 K, B2 MoS, 35 AC 5 [ R 27 J7
TFa) 14 el 5 P55 K 73 31 B 10.39 F119.8 MPa. BEAR,
TR 52 MoS, Fifiini B A7 s, ELBE A
TBETE &, R BE IR Bk 55, B R P T i
IBGR, AC J7 )55 ZZ 77 6] )R A 5 32 1) [
—HA. 1H1800 KT, AC J7 [a] (A Hifii o i vy
T ZZ 77 R RAR SR E 730 29 1.0 F10.7 GPa. A1,
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ARBREERT () S BRI 5 FEE 55 22 i 2

Fig. 2. (color online) Mechanical properties of SLMoSz at temperatures from 1 K to 800 K, such as, stress-strain

relationship curves obtained from strectching along (a) the ZZ direction and (b) the AC direction; (c) the tensile

strength and (d) the ultimate strain versus the temperature.
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SRR AR B PR FE AR A e AR, 43 —30.4 F
—40.3 MPa/T. 4R, 5 58 FE il JEAH SSAEA — 1)
JE, VRS 00 U5 B AR G 1t 5 B B A R T
W B BB K, AC J5 15 27 75 1A s v A i 2 #5350
WK, AR U, X B E AR BRI
SN, BER T, A ORI, 1
800 KR AE T, AC J5 [l (st MR & = T 22 J7 Ml 1)
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Fig. 3. (color online) The Young’s modulus of SLMoS2

versus the temperature.
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Fig. 4. (color online) The fragtural behavior of SLMoS2, such as crack propogation when tensiled along the
77 dircetion, (a) and (b), and along the AC direction, (¢) and (d). (a) and (c) show the initial frame of

cracks, and (b) and (d) show the next frame of cracts formation.
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Fig. 5. (color online) The thermal expansion coeffi-
cient (TEC) of SLMoSs2: (a) Linear TEC along the
AC and ZZ directions; (b) in-plane area TEC.
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Abstract

Recently, the effect of temperature on the mechanical property (the Young’s modulus) of the single-layer molyb-
denum disulfide (SLMoS2) is shown to be insignificant, which is obviously incompatible with the previously published
result, i.e. the Young’s modulus of SLMOS, decreases monotonically as temperature increases. Aiming at clarifying the
relationships between the mechanical properties of the single-layer molybdenum disulfide (SLMoS2) along the armchair
(AC) and zigzag (ZZ) directions and the temperature, classical molecular dynamics (MD) simulations are performed
to stretch the SLMoS2 along the AC and ZZ directions at the temperatures ranging from 1 K to 800 K by using the
Stillinger-Weber (SW) interatomic potentials in this paper. The mechanical properties of SLMoS; at the temperatures
ranging from 1 K to 800 K, including ultimate strength, ultimate strain, and Young’s modulus, are calculated based on
the stress-strain results obtained from the simulations. Results are obtained and given as follows. (1) The mechanical
properties of the SLMoSs, including the ultimate strength and Young’s modulus, are found to monotonically decrease
as temperature increases. Increasing the temperature, the ultimate strength of SLMoSs2 in the AC direction drops faster
than in the ZZ direction, whereas the Young’s modulus of SLMoSz in the ZZ direction decreases quicker than in the
AC direction, which means that the chirality effect on the ultimate strength is remarkably different from the Young’s
modulus of SLMoS,. However, the ultimate strain in the ZZ direction at the temperatures in a range from 1 K to 800 K
is close to that in the AC direction, which means that the effect of chirality on the ultimate strain is insignificant. (2)
Unlike the published results in the literature, the phase transition of SLMoSs is found to only occur at a temperature of
1 K and at the moment of initial crack formation as tensiled along the ZZ direction, and the new phase of quadrilateral
structure keeps stable after unloading. (3) The linear thermal expansion coeflicients along the ZZ and AC directions
are also measured, the magnitudes of which are found to be consistent with the published experimental results. Our
simulation results support the viewpoint that the effect of the temperature on the mechanical property of SLMoS; is
significant, and the SLMoSs can be regarded as an anisotropic material as the chirality effect cannot be ignored. The

linear thermal expansion coefficients obtained with MD simulation are all in good agreement with the experimental data.

Keywords: molybdenum disulfide, mechanical properties, temperature effect, chirality effect
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