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The electronic structures and optical properties of zigzag MoS2/WS2 heterostructure 

nanotubes (NTs) with different component ratio and uniaxial strain have been investigated 

by using first-principles calculations. The band gap of the zigzag MoS2/WS2 

heterostructure NTs remains the direct band gap with different ratio of WS2 and uniaxial 

strain. while the band gap of which increases obviously with the increase of WS2 when the 

ratio is more than half. Moreover, the band gap of the zigzag MoS2/WS2 heterostructure 

NT decreases linearly with the increase of tensile strain, while the band gap of which 

increases firstly and then decreases with the increase of compressive strain. The dielectric 

spectra occur blue shift with the increase of component ratio of WS2. The static dielectric 

constants decrease monotonously with the increase of the ratio of WS2. Interestingly, the 

dielectric spectra for parallel and perpendicular to the tube axis exhibit opposite shift 

under the same strain. The static dielectric constants of which also show the different 

variation tendency under the same strain. These results suggest that the zigzag MoS2/WS2 

heterostructure NTs can be promising candidates for optoelectronic applications.  
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1. Introduction

Since the synthesis of WS2 NTs in 1992[1], the transition metal dichalcogenide (TMD) 

(MX2, M=Mo, W, etc.; X=S, Se, etc.) NTs have attracted extensive attention due to their 

outstanding physical and chemical properties[2-5]. Among them, the MoS2 NTs and WS2 NTs have 

gained increasing attention due to their potential applications in the optoelectronic device[6-8], 

catalysis[9], transistors and batteries[10, 11]. Furthermore, to modulate the electronic and optical 

properties for the future applications in the optoelectronic nanodevices, various strategies have 

been developed, such as strain[12, 13], electric field[4], and so on. 

Recently, to make full use of the unique properties of the two-dimensional (2D) TMD, 2D 

TMD heterostructures (MoS2/WS2, MoS2/MoS2, MoSe2/WSe2, WSe2/MoS2, ReSe2/MoS2, 

WS2/SnS2, etc.) have received considerable research owing to their diverse applications, such as 

photodetectors[14, 15], sensors[16, 17], transistors[18], Li-ion batteries[19] and solar cells[20]. 

Among them, MoS2/WS2 lateral heterostructures have received more attention. Gong et al. have 
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prepared the WS2/MoS2 vertical and lateral heterostructures under different vapor phase growth 

temperatures[21]. Bogaert et al. have synthesized the MoS2/WS2 lateral heterostructures via 

two-step chemical vapor deposition[22]. Berweger et al. have studied the spatial photoconductivity 

distribution and long-term carrier accumulation in MoS2/WS2 lateral heterostructures[23]. Zhu et 

al. have realized the selective growth of large WS2/MoS2 lateral and vertical heterostructures by 

hydroxide-assisted nucleation in a one-pot strategy, and the synthesized large (~1 mm) lateral 

heterostructures exhibit excellent electronic properties[24]. Considering the TMD heterostructure 

NTs can be fabricated by wrapping their monolayer. In our previous work, we have studied the 

electronic and optical properties of the chalcogen-changing MoS2/MoSe2 heterostructure NTs[25]. 

However, strain-tunable electronic and optical properties of metal-changing MoS2/WS2 

heterostructure NTs have not been systematically investigated so far.  

In this paper, we systematically studied the electronic structures and optical properties of 

the zigzag MoS2/WS2 heterostructure NTs with different component ratio of WS2 and uniaxial 

strain based on first-principles calculations. It is found that the band gap, dielectric function and 

static dielectric constants of the zigzag MoS2/WS2 heterostructure NTs can be modulated with 

different component ratio of WS2 and uniaxial strain.  

 

 

Fig. 1. The top and side view of the optimized (14, 0) (MoS2)(28-n)/(WS2)n (n=12) heterostructure NT. 

 

 

2. Computational methods 

 

The calculations based on the density functional theory (DFT) with projector augmented 

wave (PAW) potential basis are performed in Vienna ab initio simulation package (VASP)[26-28]. 

The exchange-correlation potential is described by the generalized gradient approximation (GGA) 

of the Perdew-Burke-Ernzerhof (PBE) parametrization[29]. The plane-wave cutoff energy is set to 

be 500 eV. The lattice constants and internal atomic positions are fully relaxed until the atomic 

forces are smaller than 0.01 eV/Å, and the convergence criterion of energy is set to 10
-5

 eV. A 

k-point mesh of 1×1×11 is used to sample the Brillouin zone. To avoid the interaction between 

adjacent images, the vacuum region is more than 15 Å in the x and y directions. In this work, (14, 

0) (MoS2)(28-n)/(WS2)n heterostructure NTs are constructed, as shown in Fig. 1, where n represents 

the number of W-S2 in the unit cell of the NT.   

In order to investigate the optical properties, the complex dielectric function

1 2( ) ( ) ( )i        is computed, where the imaginary 2 ( )   can be obtained by the 

following formula[30]: 
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where the indices c and v present conduction and valence band states, respectively, and cku is the 

cell periodic part of the orbitals at the k-points.  

The real part 
1( )   can be obtained from 2 ( )   by the Kramers-Kronig relation: 
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where P stands the principle value of the integral and   is an infinitesimal number denotes 

complex shift.  

 

 

Fig. 2. The energy band structures of (14, 0) (MoS2)(28-n)/(WS2)n NTs. 

 

 

Fig. 3. Band gap variation of (14, 0) (MoS2)(28-n)/(WS2)n NTs with n. 
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Fig. 4. The total and projected density of states of (14, 0) (MoS2)14/(WS2)14 heterostructure NTs. 

 

 

3. Results and discussion 

 

The calculated band structures of (14, 0) (MoS2)(28-n)/(WS2)n heterostructure NTs are 

shown in Fig. 2. As shown in Fig. 2, the (14, 0) (MoS2)(20-n)/(WS2)n (n= 4, 8, 12, 14, 16, 20, 24) 

heterostructure NTs retain the direct bang gap, which are consistent with that of (14, 0) MoS2 (n=0) 

and (14, 0) WS2 (n=28) NTs. The band gap of the (14, 0) MoS2 is 0.74 eV, which is consistent with 

the previous reports[31]. The calculated band gap of the (14, 0) (MoS2)(28-n)/(WS2)n NTs as a 

function of n is shown in Fig. 3. It can be seen that the variation of band gap is small when the n is 

less than or equal 14 for the (14, 0) (MoS2)(28-n)/(WS2)n NTs, while the variation of which is 

obvious when the ratio of WS2 is more than half. The smallest band gap is 0.73 eV for (14, 0) 

(MoS2)14/(WS2)14 heterostructure NT. To further understand the electronic properties of MoS2/WS2 

heterostructure NTs, we illustrate the total and projected density of states of (14, 0) 

(MoS2)14/(WS2)14 heterostructure NT in Fig. 4. It can be seen that the valence band maximum 

(VBM) is mainly composed of d orbitals of both Mo and W atoms and the p orbital of the S atoms, 

the conduction band minimum (CBM) is mainly contributed by the d orbital of the Mo atoms.  
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Fig. 5. Calculated real part  1   and imaginary part  2   of the dielectric function of (14, 0) 

(MoS2)(28-n)/(WS2)n NTs. 

 

 

Fig. 6. Calculated static dielectric constants 
1(0)  of (14, 0) (MoS2)(28-n)/(WS2)n NTs. 

 

 

For the promising photoelectronic applications of MoS2/WS2 heterostructure NTs, the 

optical properties of which have been studied based on the dielectric function. The real part 

 1   and imaginary part  2   of complex dielectric function for parallel (//) (along z 

direction) and perpendicular ( ) (average of x and y direction) to the tube axis are calculated. The 

calculated the real part and imaginary for parallel and perpendicular to the tube axis of (14, 0) 

(MoS2)(28-n)/(WS2)n NTs are shown in Fig. 5. It can be seen the dielectric function is anisotropic. 

The main peaks are found in the low energy range from 1 to 3 eV, which indicates that these NTs 

show a strong absorption in the visible and near-IR region. Especially, the dielectric spectra show 

the blue shift with the increase of the ratio of WS2 for the MoS2/WS2 heterostructure NTs. We also 

find the change of the dielectric spectra of MoS2/WS2 heterostructure NTs is only that between 

pristine MoS2 NT and pristine WS2 NT. This indicates we can realize different optical response of 

TM heterostructure NT by choosing different pristine materials. The calculated static dielectric 
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constants 
1(0)  ( 0  ) of the MoS2/WS2 NTs are shown in Fig. 6. It can be seen that the static 

dielectric constants for parallel to the tube axis are larger than that for perpendicular to the tube 

axis, and all the static dielectric constants decrease with the increase of the ratio of WS2.  

 

 

Fig. 7. Calculated band structures of (14, 0) (MoS2)14/(WS2)14 NTs under uniaxial strain. 

 

 

 

Fig. 8. Uniaxial strain dependence of energy gap of (14, 0) (MoS2)14/(WS2)14 NTs. 
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Fig. 9. Calculated real part  1   and imaginary part  2   of the dielectric function of (14, 0) 

(MoS2)14/(WS2)14 NTs under uniaxial strain. 

 

 

 

Fig. 10. Calculated static dielectric constant 
1(0)  of (14, 0) (MoS2)14/(WS2)14 NTs  

under uniaxial strain. 

 

 

In order to investigate the strain effect on the electronic and optical properties of zigzag 

MoS2/WS2 heterostructure NTs, we study the (14, 0) (MoS2)14/(WS2)14 NT as a representative 

model. Fig. 7 shows the calculated band structures of (14, 0) (MoS2)14/(WS2)14 heterostructure NT 

under different uniaxial strain. It can be seen that the band gap is significantly influenced by the 

uniaxial strain, but it remains direct band gap. Fig. 8 shows the variation of the band gap with 

different uniaxial strain. As shown in Fig. 8, the band gap decreases linearly with the increase of 

tensile strain, which can be decreased to 50% under 8% tensile strain. While the band gap 

increases firstly and then decreases with the increase of compressive strain. Fig. 9 shows the 
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calculated real part  1   and imaginary part  2   of the dielectric function of (14, 0) 

(MoS2)14/(WS2)14 NT under different uniaxial strain. Under uniaxial strain, all dielectric spectra are 

similar, but the main peaks shift obviously with the different strain. The dielectric spectra for 

parallel to the tube axis occur red shift with the strain range from -8% to 8%, while the dielectric 

spectra for perpendicular to the tube axis exhibit blue shift with the same strain. Fig. 10 shows the 

calculated static dielectric constant 
1(0)  of (14, 0) (MoS2)14/(WS2)14 NT with different uniaxial 

strain. The static dielectric constant for parallel to the tube axis decreases monotonously with the 

strain range from -8% to 8%. While the static dielectric constant for perpendicular to the tube axis 

increases under tensile strain. The different variation tendency of the dielectric spectra and the 

static dielectric constants maybe due to the different structure variation in two directions under the 

uniaxial strain. 

 

 

4. Conclusions 

 

In summary, first-principles calculations have been used to study the electronic structures 

and optical properties of zigzag MoS2/WS2 heterostructure NTs with different component ratios 

and uniaxial strain. The results show that the zigzag MoS2/WS2 heterostructure NTs remain the 

direct band gap with different ratio of WS2 and uniaxial strain. And the band gap of which 

increases obviously when the ratios are more than half. Moreover, the band gap of the zigzag 

MoS2/WS2 heterostructure NTs decreases linearly with the increase of tensile strain, while the 

band gap of which increases firstly and then decreases with the increase of compressive strain. At 

the same time, the dielectric spectra occur blue shift with the increase of component ratio of WS2. 

The static dielectric constants decrease monotonously with the increase of the ratios of WS2. 

Interestingly, the dielectric spectra of parallel and perpendicular to the tube axis exhibit opposite 

shift under the same strain. The static dielectric constants of parallel and perpendicular to the tube 

axis also show the different variation tendency under the same strain. Our results exhibit the 

electronic and optical properties of MoS2/WS2 heterostructure NTs can be tuned by different WS2 

ratio and strain, which suggest that the zigzag MoS2/WS2 heterostructure NTs can be promising 

candidates for optoelectronic applications. 
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