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Band-gap tuning of a MoS2 monolayer by mechanical strains
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Extended Abstract
(10pt, Times New Roman) After the discovery of graphene and the exfoliation technique for extracting single layer from the bulk sample, a very large number of the experimental and theoretical studies have been carried out about the two-dimensional nanomaterials [1-3]. Until now, the most widely studied two-dimensional material is the graphene, owing to the unusual properties such as a considerable mechanical strength [4] and ultra-high mobility [1]. Recently, other two-dimensional nanomaterial, molybdenum disulfide, have also attracted significant interest and possessed the great potential for a variety of applications. Radisavljevic et al. reported the new application of MoS​2 monolayer for Metal-Oxide-Semiconductor Field-Effect Transistor channel using halfnium oxide (HfO2) with the mobility of 200 cm2/Vs, indicating that MoS​2 monolayer is able to be used as channel of MOSFET [5]. The mobility of carrier is the most important factor for application of MOSFET channel. The conventional semiconductor materials show that the electron mobility decreases as the band gap increases, and similar trends have been shown for carbon nanotubes (CNTs) and graphene nanoribbons (GNRs). According to the previous calculations [6, 7], the strain induced band-gap opening in graphene. In this work, we introduce strain for controlling band gap energy of MoS​​2​ monolayer to enhance the mobility. 
The electronic structure of MoS2 monolayer has been computed for each deformed configuration by using the density functional theory method (DFT) implemented in Vienna ab-initio simulation package (VASP) [8-10].
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Fig. 1. The variation of the band gap energy with (a) biaxial, (b) pure shear, (c) uniaxial x and (d) uniaxial y strain, the solid circles and open circles denote indirect and direct band gap, respectively. The strain direction is shown in the left corner of each figure.
Table 1. Cohesive energy (Ec), lattice constant (a), bulk modulus (B) and elastic constants (C11, C12, C44) calculated with the new parameter sets. 

	
	Ni-Ti
	Ti-C

	
	Exp.[15]
	First

principles

[16]
	SMA

[16]
	MEAM

[1]
	This

work
	Exp. [17]
	First
principles

[17]
	This

work

	Ec(eV)
	-
	5.02
	5.02
	5.02
	5.02
	6.9
	6.9
	6.9

	a(Å)
	3.02
	3.01
	3.01
	3.01
	3.01
	4.33
	4.42
	4.42

	B(GPa)
	140
	158
	158
	149
	158
	242
	242
	242

	C11(GPa)
	162
	178
	205
	139
	177
	513
	489
	522

	C12(GPa)
	129
	148
	136
	154
	148
	106
	110
	102

	C44(GPa)
	35
	49
	49
	128
	106
	178
	126
	129


The total energy E of a system of N atoms in the MEAM is given by the form [7-10]
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 (1)
where the embedding function Fi is the energy to embed an atom of type i into ~
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