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Abstract 

We have investigated the electronic structures and carrier mobilities of MoS2 

monolayer sheet and armchair nanoribbons with chemical modification using density 

functional theory combined with Boltzmann transport method with relaxation time 

approximation. It is shown that the hole mobility (96.62 cm2V-1s-1) in monolayer sheet 

is about twice of electron mobility (43.96 cm2V-1s-1). The charge mobilities in MoS2 

armchair nanoribbons can be regulated by edge modification owing to the electronic 

structures changed. In pristine armchair nanoribbons, the electron mobility is about 30 

cm2V-1s-1 and the hole mobility is about 25 cm2V-1s-1. When the edges are terminated 

by H or F atoms, the hole mobility will enhance obviously even ten times of that in 

pristine ribbons, and the electron mobility is comparable with that in MoS2 sheet.    

 

 

Keywords: Molybdenum disulfide; Density functional theory; Electronic structure; 

Chemical modification; Carries mobility; 
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Introduction 

Two-dimensional atomically-thick materials have attracted intensive attention 

owing to their unique physical properties and potential applications in nanoscale 

devices [1-9]. Layered transition-metal dichalcogenides (TMDs) which are important 

two-dimension materials, MX2 (M=Mo, W, Ta, or Nb, and X= S, Se, or Te) are also 

considered as promising electronic and optoelectronic materials [9-15] and the 

successful syntheses of these materials have already been reported [16-20]. MoS2, an 

important representative member of the TMD family, arouses many researchers’ 

strong interest in the materials in recent years [19-23]. The monolayer MoS2 is a 

direct band gap semiconductor with a band gap of 1.9 eV [23, 24] and the 

room-temperature current on/off ratio can be as high as 1×108 [13]. Owing to the 

breaking of the inversion symmetry, very obvious spin-orbit interaction effect is found 

around the high-symmetry k-points of the Brillouin zone with a spin-orbit splitting as 

high as 150 meV [25-27] according to some theoretical studies and around 160 meV 

[28-31] according to some experimental studies. Utilizing this effect, the optical 

generation of valley polarization is achieved with the polarized photoluminescence 

technique in monolayer MoS2 [28-33].  

Recently, the mobilities (µ) of two-dimensional materials attract many researchers’ 

attentions [2, 34-48]. Some measurements showed that the room-temperature mobility 

of bulk MoS2 is in the range 200-500 cm2V-1s-1 [43]. The field effect mobility of 

atomically thin MoS2 FET was reported to vary from 0.5 to 800 cm2V-1s-1 [13, 44-48]. 

By using a femto-second pump-probe technique to study the charge carriers, a carrier 

lifetime of 100±10 picosecond and a carrier diffusion coefficient of 20±10 cm2/s are 

obtained, which correspond to a mobility of 800 cm2V-1s-1 and a diffusion length of 

450 nm[48]. The presence of high-K dielectrics in some devices can enhance the 

mobilities [46], to values reaching ~200 cm2V-1s-1 [13]. Radisavljevic B. and Kis 

A.[46] reported that phonon scattering shows a weaker than expected temperature 

dependence (µ follows a T-γ dependence with γ = 0.55–0.78) when temperature above 

~100K, and the mobility at 4 K is 174 cm2V-1s-1
 and it reaches 63 cm2V-1s-1 at 240 K.  
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By confinement of the two dimensional bulk materials, one-dimensional materials 

can be created with different properties. For example, the carrier mobility of 

one-dimensional graphene ribbons is significantly lower than that of a graphene sheet 

owing to the loss of the massless Dirac Fermion characteristics [34, 49]. 

One-dimensional MoS2 structures, such as nanoribbons [50] and nanotubes[16-19] 

have also been synthesized, and the mobilities of these structures have attracted the 

researchers’ attention [42, 51]. Nevertheless, there are few reports about the mobilities 

of MoS2 nanoribbons with edge modification. 

In this study, by using first-principles calculations and the deformation potential 

theory, we investigate the intrinsic mobility of MoS2 materials due to the acoustic 

phonon scattering mechanism. The carrier mobility is calculated by the Boltzmann 

transport equation (BTE) method. The sheets and nanoribbons, especially the 

chemical modifications on the ribbon’s edges, are considered in the calculations. Our 

results show that the electron structures and the mobilities of MoS2 ribbons are 

sensitive to edge modification, and hydrogen atom termination will slightly change 

their mobility while the halogen atom termination will obviously enhance the hole 

mobility (µh). This implies the electronic properties and the mobilities of MoS2 

nanoribbons can be regulated by chemical modification.  

Methods 

Theoretically, there are two models for chare transport: hopping and band-like. 

The former describes the thermally activated hopping of a charge carrier over a barrier, 

which results in a mobility, which increases with temperature owing to the increased 

thermal activation. The hopping model has been described by the Marcus theory for 

many organic materials. The latter model describes a delocalized charge undergoing 

coherent motion, which results in a mobility, which decreases with temperature owing 

to increased phonon scattering [38, 52]. Experiments find that the mobility of MoS2 

sheet decreases with temperature [46]. So the band-like model is more appropriate in 

MoS2 than the Marcus electron transfer theory. Our method is based on the band-like 
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model. 

In this paper, the carrier mobility is calculated by the BTE method beyond the 

effective mass approximation which is used to predict the mobility of semiconductor 

nanometerials, like graphene, carbon nanotubes etc [2, 34-38]. Within the BTE 

method, the carrier mobility µ in the relaxation time approximation can be expressed 

as [Ref. 2 and 54]: 

  ��(�) = �
�	


∑ � 
��,��������,��������∓���������	� �  ���!∈#	($	)
∑ �����∓���������	� � ���!∈#	($	)

      (1) 

Where the minus (plus) sign is for electron (hole).	&�', (��� is the relaxation time, 

)��(��� and *�', (��� are the band energy and the component of the group velocity of 

the (�� state of the ith band, respectively. The summation of the band was carried out 

over the VB for hole and CB for electron. Furthermore, the integration with respect to 

the (�� states covers the first Brillouin zone (BZ).  

  In order to obtain the mobility, three key quantities (&�', (���, )��(��� and *�', (���) 
must be determined. As the wavelengths of the thermally activated electrons or holes 

at room temperature in inorganic semiconductors, which are much larger than the 

lattice constant, is close to those of the acoustic phonon modes in the center of the 

first BZ, the electron−acoustic phonon coupling dominates the scattering at the low 

energy regime[39-41], which can be calculated effectively by the deformation 

potential (DP) theory proposed by Bardeen and Shockley[53]. Accordingly, the 

relaxation time &�', (��� based on the DP theory can be expressed as [2, 38]: 

+

��,���� = (,- ./0��ℏ2 ∑ 341 − ������,�′�����

������,����7 89)�(��� − )�(′�����:;�′∈<=       (2) 

Here the delta function implies that the scattering process is elastic and occurs 

between states with the same band index. >� is the DP constant of the i-th band, and 

C is the elastic constant.  

  The band energy )��(��� is calculated using the Vienna ab-initio simulation package 
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(VASP) [54]. The (��-mesh is chosen as 1×1×300 for the ribbons and 65×65×1 for the 

sheets, which are fine enough to give converged relaxation times and mobilities. The 

generalized gradient approximation (GGA) [56] with the Perdew-Wang (PW91) [57] 

exchange correlation function is used with the plane-wave cutoff energy set at 400 eV 

for all calculations. The criterion of convergence is that the residual forces are less 

than 0.005 eV/Å and the change of the total energy is less than 10-6 eV. The vacuum 

space between two adjacent NRs is set to be at least 10Å to eliminate the interactive 

effect between the two NRs. The group velocities of the electron and hole carriers can 

be obtained from the gradient of the band energy )��(���	 in (�� -space according 

to	*�', (��� = ∇)��(���/ℏ.   

Results and Discussion 

  The atomic structure of the material is shown in Fig. 1a. In order to illustrate the 

atomic arrangements for carrier conduction along the armchair (x) and zigzag (y) 

directions, an orthogonal supercell which is covered by green shadow in Fig. 1a, is 

shown. The structure of an armchair ribbon is shown in Fig. 1b. We use the number of 

atomic chain (Na) to describe the width of the ribbon. Two kinds of edge modification 

were investigated: H atom termination (H-termination) and F atom termination 

(F-termination). The pristine ribbon is also investigated as a reference. 

  Firstly, the electronic structure and the acoustic phonon-limited mobility in 

monolayer MoS2 are investigated. And the band structure and the first BZ of 

monolayer MoS2 are shown in Fig. 2a and b respectively. For monolayer MoS2 sheets, 

the K point (with fractional reciprocal coordinates: −1/3, 2/3) defined in reciprocal 

lattice of the primitive cell is folded into the (0, 1/3) point of the Γ-Ψ branch in the 

first BZ of the supercell (see Fig. 2b). There are two peaks around the top of the 

valence band, but only one band valley around the bottom of the conduction bands. 

The band structure is the same as in Yong qing’s report [42].  

  The variation of the total energy (E) with a uniaxial strain (δ) applied along the x 
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and y directions are shown in Fig. 2c. Based on these energy-strain curves, the 

in-plane stiffness C
2D can be obtained and the C2D along the x and y directions are 

131.311 and 131.473 N/m respectively. The C2D in our calculation are consistent with 

the Yong qing’s report (127.44 and 128.16 N/m). In general, the three-dimensional 

(3D) Young’s modulus can be estimated as C
3D= C2D/t0. By assuming a finite thickness 

of (t0 = 0.65 nm) for the 2D MoS2 sheet, the Young’s modulus amount are 202.02 and 

202.27 GPa, respectively, which are in good agreement with the experimental value of 

270 ± 100 GPa [58, 59]. Fig. 2d shows the shift of the band edges as a function of the 

strain along the x and y directions. Through dilating the lattice along x and y 

directions, the DP constant E1 is then calculated as ԁEedge/ԁδ, equivalent to the slope 

of the fitting lines, where Eedge denotes the energy of the conduction or valence band 

edge. For the conduction bands, there is just one band edge which is located at the K 

point. The E1 of electron along the x and y directions are -10.80 and -10.68 eV 

respectively which are the same as those reported by Yong qing [42]. But there are 

two band edges for the valance bands: one is located at the K point (the E1 of hole 

along the x and y directions are -5.28 and -5.22 eV respectively which is the same as 

that reported by Yong qing [42]); the other one is located at the Γ point (the E1 along 

the x and y directions are 1.31 and 0.82 eV respectively).  

  Based on the obtained energy band spectrum, the values of E1 and C
2D, the 

acoustic-phonon-limited relaxation time (using Eq 2) and the mobility (using Eq 1) at 

room temperature (300 K) are obtained, as shown in Table 1. The electron mobilities 

are 41.27 (the x direction) and 43.96 (the y direction) cm2V-1s-1. The hole mobilities 

are 96.62 (the x direction) and 64.19 (the y direction) cm2V-1s-1 for the K point, 

3079.39 ( the x direction) and 4973.83 (the y direction) cm2V-1s-1 for the Γ point. If 

the BZ is divided into two parts: one includes the Γ point peak (signed as BZΓ); the 

other excludes the Γ point peak (signed as	BZΓDDDDD, which includes K point peak), the 

total relaxtion time(τ) can be determined as: 

+

��,���� = (,- ./0��ℏ2 ∑ 341 − ������,�′�����

������,����7 89)�(��� − )�(′�����:;�′∈<=E + (,- ./0��ℏ2 ∑ 341 −�′∈<=EDDDDDD
������,�′�����
������,����7 89)�(��� − )�(′�����:; 	= 	 +


G��,����+ +

H��,����         (3) 
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We can obtian the total hole relaxtion time, which equals τK. Then following Eq 1, the 

hole mobility can be obtained. The µh of a MoS2 sheet are about 96.62 (the x direction) 

and 64.19 (the y direction) cm2V-1s-1. These values are smaller than the mobilities 

predicted by the effective mass method [42], owing to the more band detials 

considered in the BTE method. Our study shows that µe is about a half of µh. Our 

mobility results are in very good agreement with a recent indirect measurement based 

on the Hall effect for thin flake MoS2 reported by Zhang Yijin et al [60]. It showed that 

µh (86 cm2V-1s-1) is twice the value of µe (44 cm2V-1s-1)[60]. Owing to the var de 

waals interation, the top of the valance band located at the K and Γ points in 

monolayer MoS2 will shift to the Γ point in the multilayer material [61]. So the µh in 

the multilayer and bulk material will be mainly determined by the Γ points and is 

much larger than that of the monolayer material. And the mobility as a function of 

tempeture is shown in Fig 3. It can be found that the mobilies of MoS2 sheet decrease 

with a T-γ dependence with γ=1.05, 1.25, 1.37 and 1.30 for the holes and electrons in 

the x and y directions, respectively. In experment, phonon scattering shows a weaker 

than expected temperature dependence (γ = 0.55–0.78) when temperature is above 

~100K. But when termperature is above ~200K, phonon scattering plays a major role 

in charge mobility, and mobility depends on T as µ~T
-1.4 [46], which is in good 

agreement with our calculation.  

In MoS2 sheet, the states near the Γ point experience a strong interlayer coupling 

effect, as a result of the combination of the antibonding pz-orbitals on the S atoms and 

d orbitals on the Mo atoms. Coming from the localized d orbitals on the Mo atoms, 

the states at the K-point are mainly located in the middle of the S–Mo–S sandwich 

structure and relatively unaffected by the interlayer coupling [61]. And there is a 

conduction valley located on the K-point, which is similar to graphene. In graphene, 

the electron at the K-point is considered as quasi free π electron and the mobility can 

be up to 3×105 cm2V−1s−1 [38]. However, in MoS2 sheet, the π electron is located on 

Mo atoms and restricts the electron’s movement. When the valance electron is excited 

to the conduction bands, there is a corresponding hole carrier. Owing to the fact that 

there are two valance band peaks, the hole carriers can be classified as the “σ” hole 
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(located on Γ-point)  and the “π” hole (located on K-point). In our calculation, the “σ” 

hole can move much faster than “π” hole. The reason can be found from the 

composition of the valance band. The valance band near the K-point is the 

combination of the d orbitals on the Mo atoms, which are bad for hole’s movement. 

And the valance band near the Γ-point is the combination of the antibonding 

pz-orbitals on the S atoms and the d orbitals on the Mo atoms, which are good for the 

hole’s movement. In MoS2, the electron being excited at the K point is easier than at 

the Γ point owing to the direct gap at the K point. Then it leads to the “π” hole being 

the major component of hole. Since the mobility is always decided by the slower one, 

the migration speed of the “π” hole determines the mobility of a MoS2 sheet. 

  Next, we invesitage the µ of MoS2 nanoribbons. As the zigzag MoS2 nanoribbons 

are metallic, here we only consider the semiconducting armchair MoS2 nanoribbons, 

which are classified by the number of Mo−S dimer lines (N) across the ribbon width, 

as shown in Fig. 1b. A series of armchair nanoribbons with widths in the range 7≤N

≤16 (from 1.0 to 2.4 nm) are calculated. It is well-known that edge states exist in 

MoS2 nanoflakes and dominate their catalytic performance. Thus, we expect different 

edge modifications can affect the properties of the nanoribbons and we threfore 

investigate the following three kinds of edge modfication in the present study, pristine, 

H-termination and F-termination. The energy bands for these three edge modifications 

are shown in Fig. 4, in which it can be noted that there are the same deep energy 

bands. The differences in the band structures can be found between -0.3 and 1.5 eV. 

There are ten bands( 4 valance bands and 6 conduction bands) for the pristine ribbon 

and 4 bands (2 valance bands and 2 conduction bands) for the H-termination and 

F-termination ribbons, and the energy bands of the H-termination ribbon is similar to 

those of the pristine ribbon. Both of them are direct gap semcoductors at the Γ points, 

and their energy gaps are oscillating aroud 0.55 eV with respect to the width. 

However, for the F-ternimation, the direct gap shifts to the K point, and the energy 

gap increases to about 0.95 eV.  

  For the 1D case, the stretching modulus is defined as C1D =[∂2
E/∂δ2]/L0, where the 

uniaxial strain δ is applied along the ribbon direction, and L0 is the lattice constant of 
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the optimized ribbon, which is shown in Fig. 5a. Owing to the additional unpaired 

electrons, the Mo-S bonds at the ribbon edges are shorter than the bonds of at ribbon's 

center, which lead to a small L0 in pristine ribbons. For edges modified by H or F 

atoms, the L0 is almost constant for different lattice lengths of the monolayer MoS2 

ribbon along the x direction (the black dashed line in Fig. 5a). Fig. 5b shows that C1D 

increases continuously with N for all three kinds of ribbons. Considering the same 

width (W0) for these three ribbons, the effective C2D for the ribbon can be obtained as 

C
1D/W0, which is between 102.8 and 116.4 N/m for pristine ribbons (between 100.7 

and 113.6 N/m for the H-termination, and between 102.8 and 116.4 N/m for the 

F-termination). Compared with the 2D sheet, the phonon spectrum of the nanoribbons 

broadens toward the high-frequency region owing to the phonon mode quantization 

and the occurrence of edge phonon modes, which leads to the softening of the lattice 

modes and the reduction of the elastic modulus[42]. 

  Fig. 5c,d show the the DP constant E1 of electrons and holes due to the quasi-static 

deformation of the ribbon. It can be noted that the |E1| of both electrons and holes are 

increasing with N for the three kinds of ribbons. For a spectific Na, the largest hole 

|E1| is found in the F-termination ribbons which is about 2 eV higher than the pristine 

ribbons. The H-termination ribbons have the smallest hole |E1| which ranges between 

2 eV and 3.5 eV. But for the electron |E1|, the smallest one is in the F-termination 

ribbons, which is smaller than 1 eV; the largest one is in pristine ribbons, which is 

about twice of that of H-termination. |E1| of hole is about five times larger than that of 

electron in F-termination ribbons. In pristine ribbon, |E1| of hole is about 1 eV larger 

than that of electron. The difference of |E1| between electrons and holes is almost zero 

in H-termination ribbons. These results show tht E1 can be modified by edge 

modification in MoS2 ribbons.  

  The room temperature µ for the ribbons are shown in Fig. 6, and the µ of the 2D 

sheet, represented by the horizontal dashed orange line, is also plotted for comparison. 

The µe and µh in prinstine ribbons oscillate between 25 and 35 cm2V-1s-1 vary with 

changing the width of the nanoribbons, respectively. The mobility in the 

H-termination ribbons initially oscillates with the width of the nanoribbons and then 
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levels off to a value of 44.80 and 93.95 cm2V-1s-1 for electrons and holes, which are 

close to the mobility of the 2D sheet (µe :41.27 cm2V-1s-1; µh: 96.62 cm2V-1s-1). The 

H-termination ribbons can be divided into three groups which show smooth 

dependence on the width of ribbon N within each group. The first group is ribbons 

with the ribbon width Na = 3p + 1 (p is an integer) which has the largest µe. The Na = 

3p + 2 group has the largest µh, and the 3p group has the smallest µe and µh.
 The µe of 

F-termination ribbons moves close to that of the 2D sheet with the increase of the 

width of the nanoribbons. The µh in the F-termination ribbon initially can be above 

103 cm2V-1s-1, even with a maximum up to 2413.85 cm2V-1s-1, for some smaller 

ribbon widths < 11, and then descreases with the increase of the width of the 

nanoribbons when the width is above 11. Nevertheless, the µh in the F-termination 

ribbons can still be as high as to 425.20 cm2V-1s-1 (for Na=16).  

 

  To understand the behavior of µ for different edge modifications in MoS2 

nanoribbons, we analyze the band decomposed charge density at the edge of bands, as 

shown in Fig. 7. Since the same nanoribbons with the edge modification have a 

similar electronic character, the Na = 10 nanoribbon is chosen as a representative for 

the analysis. It can be noted that the edge of the conduction bands is entirely located 

at atoms of the ribbon edges. The edge of valance bands is mainly located at atoms of 

the ribbon edges of pristine and H-termination ribbons, and entirely located at atoms 

of the ribbon edges in F-termination ribbons. The band decomposed charge density in 

the F-termination ribbons has the mirror symmetry. For pristine ribbons, two valance 

bands (v1 and v2 in Fig. 7a) and four conduction bands (c1, c2, c3 and c4 in Fig. 7a) are 

considered. Atomic orbital analysis shows that all these states are mainly composed of 

Mo 4d manifolds and the edge S atoms provide little contributions for the conduction 

bands (c1 and c2 in Fig. 7a). The conduction bands (c1 and c2 in Fig. 7a) are 

hybridization orbits with mixed 4d and 2p orbits. For the H-termination ribbons, the 

valance bands are similar to those in the pristine ribbons; and the difference in valance 

bands is that the plane states located at -0.25~-0.3 eV (as shown in Fig. 4a), those 

states are composed of S 2p orbits in pristine ribbons, are vanished in the 
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H-termination ribbon. There are two conduction degenerate bands (c1 and c2 in Fig. 

7b) below 1.5 eV in H-termination ribbons. And atomic orbital analysis shows that the 

conduction bands are composed of Mo 4d manifolds (dyz, dz2 and dx2-y2), S 2p and H 

1s orbits. For F-termination, there are two double degenerate bands (v1, v2 and c1, c2 

in Fig. 7c) around the Fermi level, and the atomic orbital analysis shows that F 2p 

manifolds account for an important proportion of all these states. Owing to the F 2p 

states, the electronic structures around the Fermi level brings a major change: the 

energy gap shifted from the Γ to the Ζ point. 

  From the band structure, we can find states near the Fermi level which have 

parabolic dispersion. So the effective mass (m*) can obtained by ℏ2[∂2ε(k)/∂k2]−1, as 

shown in Fig. 8a,b. The electron effective mass initially oscillates with the width of 

the nanoribbons and then levels off to about 1.3 me (me is the mass of free electron) in 

the ribbons with three kinds off edge modifications. In the F-termination ribbons, the 

hole effective mass also initially oscillates with the width of the nanoribbons and then 

levels off to a value of 1.5 me. There are three families of the hole effective mass 

showing smooth trends within each family. The 3p family have the largest hole 

effective mass both for the pristine and H-termination ribbons. The 3p+2 family have 

the smallest hole effective mass for the H-termination ribbons and the 3p+1 family 

have the smallest hole effective mass for the prinstine ribbons. The osillatory behavior 

of the hole effective mass gives rise to an oscillating µh. The mobility determined 

from the effective mass using the experssion � = Iℏ.C[(2πk<T)P�|R∗|T�>+.]V+) is 

shown in Fig. 8c,d. The µe in the pristine ribbon oscillates aroud 60 cm2V-1s-1 which is 

close to the µe in monolayer MoS2 reported by [42]. The µh in the pristine ribbons has 

oscillations with a period of 3. The smallest mobility is found in the 3p family and the 

largest mobility is found in the 3p+1 family. The µe of the H-termination ribbon 

initially oscillates with the width of the nanoribbons and then levels off to about 80 

cm2V-1s-1. There are three families of µh in H-termination ribbons showing smooth 

trends within each family, with the 3p family having the smallest mobility and 3p+2 

family having the largest mobility. The µe in F-termination slowly increases from 20 
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cm2V-1s-1 to 30 cm2V-1s-1 with 7≤N≤16. But the µh in F-termination ribbons is up to 

about 103 cm2V-1s-1. The mobility predicted by the effective mass method is 

agreement with that predicted by the BTE method, except the µe in pristine ribbons 

which is larger than that in F-termiantion. In a word, both of effective mass and BTE 

method suggest that the edge modification in MoS2 ribbons can regulate the mobility. 

  From the mobilities of pristine, H-termination and F-termination systems, it can be 

found that the edge modification can regulate the electronic structures and charge 

mobilities. Considering the edge states play an important role in the charge transport, 

the MoS2 ribbon model of that one edge is terminated by F atoms and the other keeps 

pristine is investigated, which is denoted by F-p. In MoS2 system, Mo atoms are 

donors and S atoms are acceptors. The H atoms termination can keep this relationship 

very well due to both of oxidability and reducibility in H atoms. But F atoms have 

very strong oxidability. The S-F bond (-3.5835eV) is much difficult to form than the 

F-Mo bond (-5.262475 eV). The model that only Mo atoms are terminated by X (F, Cl 

and Br) atoms (denoted by X-Mo) is investigated. As shown in Fig. 9, for F-p, 

electronic properties are major depended on the pristine edge. So there are the similar 

energy bands, deformation potential constants and mobilities can be observed. For 

X-Mo, there are indirect gaps in energy bands. The LUMO locates at Z point and 

HOMO locates at Γ point. This is similar as the mixture of pristine and F-termination. 

The |E1| is obviously getting small when Mo atoms are terminated by X atoms. In 

X-Mo, the µe is calculated which reach to 102 cm2V-1s-1, which is almost three folds 

of that in pristine ribbons and two folds of that in monolayer MoS2. The µh is 

calculated over 103 cm2V-1s-1, which is at least one order of magnitude larger than that 

in monolayer MoS2. These results suggest that the chemical modifactions on the 

MoS2 ribbon edge can change the energy bands and promote the carries mobilities.  

Conclusions 

  In summarily, we have calculated the electronic structures and the intrinsic charge 

carriers mobilities of MoS2 sheet and nanoribbons with the effect of the longitudinal 
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acoustic phonon, using first-principles density functional theory and the BTE with the 

relaxation time approximation. The numerical results indicate that the µh of sheet at 

room temperature, is about 96.62 cm2V-1s-1, which is twice of µe (43.96 cm2V-1s-1). 

While for the MoS2 nanoribbons, the charge mobilities will be decreased obviously. 

The µe is about 30 cm2V-1s-1 and µh is about 25 cm2V-1s-1. Furthermore, we find that 

the edge modifcation can ehnace the mobilities in nanoribbons. The mobilities in 

H-termiantion nanoribbons are about 45 (electron) and 95 (hole) cm2V-1s-1, and 

comparable to that in MoS2 sheet. When edges are terminated by F atoms, the energy 

bands around Fermi level are seriously changed owing to the additonal p oribitals. 

The µe is 42.94 cm2V-1s-1 (for N=16) and close to the results in MoS2 sheet and 

H-termination ribbons. The µh increases to 425.20 cm2V-1s-1 (for N=16) rapidly, which 

is at least one order larger than that in pristine ribbons. And when only the edge Mo 

atoms are terminated by halogen atoms, the µe will reach over 102 cm2V-1s-1 and the 

µh will reach over 103 cm2V-1s-1.   
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Fig. 1 The model of MoS2 sheet (a) and nano-ribbons(b). 
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Fig. 2 Electronic properties of monolayer MoS2 sheet. (a) Band structure for 

monolayer MoS2 sheet with the orthogonal supercell shown in Fig. 1(a). (b) The first 

Brillouin zone (c) Energy−strain relationship along the x and y directions. (d) Shifts 

of the conduction band and valence band edges under an uniaxial strain. 
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 Fig. 3 The mobility as a function with temperature in MoS2 sheet. 
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Fig. 4 (a) the band structure of an armchair nanoribbon (Na=10) and (b) the energy 

gap of armchair nanoribbon as a function with width(Na). 
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Fig. 5 The lattice length (a), elasticity modulus (b) and deformation protential of 

electron(c) and hole (d) in armchair nanoribbon. 
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Fig. 6 The mobility of electron (a) and hole (b) in armchair nanoribbons. The dot line 

is the mobility of monolayer MoS2 predicted by BTE method. 
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Fig. 7 Band decomposed charge density of MoS2 nanoribbons with Na=10: (a) 

pristine ribbon; (b) H atoms termination ribbon; (c) F atoms termination ribbon. The 

Fermi level is set to zero. 
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Fig. 8 The effective mass of MoS2 ribbons, and the mobility based on effective mass 

method. (a) effective mass of electron; (b) effective mass of hole; (c) the mobility of 

electron obtained by effective mass; (d) the mobility of hole obtained by effective 

mass. me is the mass of free electron. The dot lines are the mobility of monolayer 

MoS2 which are 72.16 (electron) and 200.52 (hole) cm2V-1s-1 reported in Ref.[42]. 
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Fig. 9 (a)The band structures of armchair (10) with different edge modification; (b) 

the lattice length and elasticity modulus; (c) the deformation potential(E1); (d) the 

mobility calculated by the BTE method. The pristine ribbon in denoted by p. Both of 

the two edges terminated by H atoms or F atoms are denoted by H or F. The ribbon 

with only one edge terminated by F atoms marks as F-p. The model of only Mo atoms 

terminated by X (F, Cl and Br) atoms is denoted by X-Mo. The red (black) dashed 

line is the hole (electron) mobility of monolayer MoS2 calculated by the BTE method.  

 

  

Page 25 of 26 Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



26 

 

 

Table 1 Deformation potential E1, in-plane stiffness C
2D, relaxation time τ, and 

mobility µ for electron (e) and hole (h) along the x and y directions in a 2D monolayer 

MoS2 sheet at 300 K. 

Carrier type direction E1(eV) C2D(N/m) τ (fs) µ (cm2V-1s-1) µ* (cm2V-1s-1) 

e 

x -10.80 131.31 14.88 41.27 72.16 

y -10.68 131.47 15.22 43.96 60.32 

h 

x (Κ) -5.28 131.31 52.15 96.62 200.53 

y (Κ) -5.22 131.47 53.56 64.19 152.18 

x (Γ) 1.31 131.31 1229.16 3079.39 - 

y (Γ) 0.82 131.47 3125.25 4973.83 - 

µ* the mobility reported in Ref. 42. 
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