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ARTICLE INFORMATION ABSTRACT
Original Research Paper Forasmuch as, Transition Metal Dichalcogenides (TMDs) are robust nanomaterials to sustain
Received 31January2014 large strains without fracture, their application in new pliable electronic nanodevices is so
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Available Online 09 june 2014 appealing. Of these nanomaterials is tungsten disulfide which has specific electrical, optical and

sensor properties; and due to possessing a non-planar structure, shows interesting responses

under different plane strains. This investigation explores the mechanical properties of a

g?;g?;?;;ﬁon of Mechanical Properties monolayer tungsten disulfide (WS2) such as Young's modulus, bulk modulus, shear modulus and

Tungsten Disulfide Poisson's ratio by applying the Density Functional Theory (DFT) calculations based on the

Density Functional Theory Generalized Gradient Approximation (GGA). The results demonstrate that elastic properties of
WS2 are less than those of graphene and its analogous inorganic Hexagonal Boron-Nitride (h-BN)
nanosheets. Unlikely, Poisson's ratio is calculated higher than that of graphene and h-BN
nanosheets. It is observed that, due to the special structure of WS2, the thickness of nanosheet
(distance between S-S atoms), bond length of W-S and the angle S-W-S change under different
kinds of strains. Also, in the case of biaxial strain, the amount of variations in bond length,
thickness and bending angle is higher than that in the cases of uniaxial and shear strain.
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1- Transition Metal Dichalcogenides
2- VASP

3- Quantum Espresso

4- PBE

5-Monkhorst-Pack

6-Brillouin zone

7- Cut-off
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1- Dihedral Angle
2- Improper torsion angle
3- Bending angle

\Y

-200.6552
-200.6554
-200.6556+
-200.6558+
-200.6560 -
-200.6562 4
-200.6564 4
-200.6566
-200.6568

(S )55 i

2002 -001 000 001 002
s
o G 4 S s sl 5 3 S 550 S ¥ U

-200.65652 4
-200.65654 4
-200.65656 4
-200.65658 4
-200.65660
-200.65662
-200.65664
-200.65666
-200.65668
-200.65670+
-200.65672+

0.000 0.002 0.004 0.006 0.008 0.010 0.012
r"“"\)‘f u“‘“)—g

(S )25 85—

s 5 b slaglple S Sl (BB o35 (851 Sl ¥ SO

Ll S pagnl sled ¥ S5

(ot Siliersaiioasfsl dlasu ot 30

(pgyeSil)s 568 w3l 9o alold

) (4 j2)assl;

258
Aedlgw (68 S LSl il dw LI JSo
b ()5 G (835 655 Gl foged i Y ¥ slaJSs po
esine Vg ¥ sla IS j0 a5 jaboles el ool ools flias slasly o
ol ol e 5 ailce (651 pariee Jladie llo (55 g0y abais ol
ad Cod g o)l 18 ses Jobs s jo i (Il pl jo a5
el 6551 e o a8 sl Tiads 5 48,55 3 )5

O oplaids N € 093 AYAY 31 o Hu)de Sl Swiae



Oed 9 Hg3Sdo luwn

Qudlgan (63 puSis AV SEAxu0gil (Sl yolgd dsllos

[3] M. Mirnezhad, R. Ansari, M. Seifi, H. Rouhi, M. Faghihnasiri, Mechanical
properties of graphene under molecular hydrogen physisorption: an ab
initio study, Solid State Communications, Vol. 152, No. 10, pp. 842-845,
2012.

[4] M. Mirnezhad, M. Modarresi, R. Ansari, M. R. Roknabadi, Effect of
temperature on young's modulus of graphene, Journal of Thermal Stresses,
Vol. 35, No. 10, pp. 913-920, 2012.

[5] M. Mirnezhad, R. Ansari, H. Rouhi, Mechanical properties of multilayer
boron nitride with different stacking orders, Superlattices and
Microstructures, Vol. 53, pp. 223-231, 2013.

[6] R. Ansari, S. Ajori, B. Motevalli, Mechanical properties of defective single-
layered graphene sheets via molecular dynamics simulation, Superlattices
and Microstructures, Vol. 51, No. 2, pp. 274-289, 2012.

[7] J. Wilson, A. Yoffe, The transition metal dichalcogenides discussion and
interpretation of the observed optical, electrical and structural
properties, Advanced Physics, Vol. 18, No. 73, pp. 193-335, 1969.

[8] B. Radisavljevic, A. Radenovic, J. Brivio, V. Giacometti, A. Kis, Single-layer
MoS2 transistors, Nature Nanotechnology, Vol. 6, No. 3, pp. 147-150,
2011.

[9] Q. H. Wang, K. Kalantar-zadeh, A. Kis, J. N. Coleman, M. S. Strano,
Electronics and optoelectronics of two-dimensional transition metal
dichalcogenides,Nature Nanotechnology, Vol. 7, No. 11, pp. 699-712, 2012.

[10] M. Ghorbani-Asl, N. Zibouche, M. Wahiduzzaman, A. F. Oliveira, A. Kuc, T.
Heine, Electromechanics in MoSz and WSz: nanotube vs. monolayers,
arXiv:1308.1834v1 [cond-mat.mtrl-sci], 2013.

[11] K. Jun, T. Sefaattin, Zh. Jian, L. Jingbo, W. Jungiao, Band offsets and
heterostructures of two-dimentional semiconductors, Applied Physics
Letters, Vol. 102, pp. 012111-012114, 2013.

[12] A. Castellanos-Gomez, M. Poot, G. A. Steele, H. S. ]. Van Der Zant, N. Agrait,
G. Rubio-Bollinger, Elastic properties of freely suspended MoS2
nanosheets, Advanced Materials, Vol. 24, No. 6, pp. 772-775, 2012.

[13] S. Bertolazzi, ]. Brivio, A. Kis, Stretching and breaking of ultrathin MoS2,
ACS Nano,Vol. 5, No. 12, pp. 9703-9710, 2011.

[14] S. Baroni, D. A. Corso, S. Gironcoli, P. Giannozzi, C. Cavazzoni, G. Ballabio,
S. Scandolo, G. Chiarotti, P. Focher, A. Pasquarello, K. Laasonen, A. Trave,
R. Car, N. Marzari, A. Kokalj, Quantum-espresso, http://www.pwscf.org/

[15] J. P. Perdew, K. Burke, M. Ernzerhof, Generalized gradient approximation
made simple, Physical Review Letters, Vol. 77, No. 18,pp. 3865-3868,
1996.

[16] J. P. Perdew, K. Burke, Y. Wang, Generalized gradient approximation for
the exchange-correlation hole of a many-electron system, Physical
Review B, Vol. 54, No. 23, pp. 16533-16539, 1996.

[17] H. J. Monkhorst, ]J. D. Pack, On special points for brillouin zone
integrations, Physical Review B, Vol. 13, No. 12, pp. 5188-5192, 1976.

[18] P. Wagner, V. V. Ivanovskaya, M. ]J. Rayson, P. R. Briddon, C. P. Ewels,
'Mechanical properties of nanosheets and nanotubes investigated using
a new geometry independent volume definition, Journal of Physics.:
Condensed Matter, Vol.25, pp. 155302, 2013.

[19] A. Nag, K. Raidongia, K. P. S. S. Hembram, R. Datta, U. V., C. N. R. Rao,
Graphene analogue of BN: Novel synthesis and properties,ACS Nano, Vol.
4, pp. 1539, 2010.

[20] K. Min, N. R. Aluru, Mechanical properties of graphene under shear
deformation, Applied Physics Letters, Vol. 98, pp. 013113, 2011.

O oplaids N € 093 AYAY 31 o yu)de Sl Swiae

5 0l 3555 il 9o alold 2alS 5 Llyy Slpess Spo )Mt S
Sre ST oo (Sl (2l 5 e i |y Wb ok e ()l
S P8 o S g 380yt 4l i (255 (5550 S )
ambogl LSl 1l 5 905 o0 Spge F3g5 Sl an Slpi ool
5 G¥gm Josb 5 sl sl aw St oS5 e 60 S
S eSS e Jsb ORI dss ol cubis
5 IV g NNV et IONT, o i 5 057003 <0 y5mmac Syl s 35 Ll
mal il ol Gl 0SS S0 S aly Giels wsye
5505 il g0 alols als o 5 g -V 5 BNV XNV s
VIAYS § VYA, o et yymngd 5 0y3macSinlins 38 b sl (Caolies)
Spbige 03y E3dse (nl & (g (MU 5 Gl slanoys (pl gy b
G55 Sl ogmags (i, Sl (sl (6 bl Sl ws s S
o o oS cd opl i bl el jin Ly g 0j9mecSS
plod 5 ol gz 90 0 lSs Glagi,S Cob ambogilin gmesd i)S
9 S S Cod Bk gl i SG lr 4 L3l glavisy
S B T o ey o kil By Loni g aiies gl
RS Ng) g ey Dlpsd Gl i s )b S sl 4 cos
eSS Calbes Dlyas i )l poe slocdls, 5l S el Gas e
Sie ol 05 B Lol s ke sl Sl g0
MoSz WSez  Jio ] oolgilspe slolisle 5 WS jksls I
Ozen 5 Caio 0 SuilSe slaSxgil e ol I les oMoSe:

3,5 oolaul 23 ,Sile jguinngil

S o -0

P8l (GGA-PBE g, 4l 1 5 DFT Slolno 5l solizl b alis ol 4o
WSZ“%Y‘SSWB';L; gsS""lS" u"? Sy » 6'4’.’.1'3 R 9 B S
Q‘lﬁ"’ )JL..J gu}ml}\ Conds J){>).s as AR 0 UL».J CJLu RGO RPN
sl S W5 0 g ool Siloeiogil 5l (slalisdle b6 jsboay SV
(Cwuled) 0,565 wil 90y alold o 0l astive cwyp (pl 50 Ouized
Ol il (nl 5l a8 08 o i il la Sl s logils
555 o0zl 25,54 ygninsgil 5 SilSo (sl Vgl il ol

&p-?
[1] K. S. Novoselov, A. K. Geim, S. V. Morozov, D. Jiang, Y. Zhang, S. V. Dubonos,
I. V. Grigorieva, A. A. Firsov, Electric field effect in atomically thin carbon
films, Science, Vol. 306, No. 5696, pp. 666-669, 2004.
[2] C. Castro Neto, Novoselov K. S, Two-dimentional crystals: Beyond
graphene, Matter. Express, Vol. 1, No. 1, pp. 10-17, 2011.



