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Direct d-d hybridization mechanism for strong anisotropic carrier transport in layered Mo2SBr2
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Transition metal sulfide halides such as Mo2SBr2 have exhibited excellent anisotropy in their electronic
and optical properties. To explore the mechanism behind this strong anisotropic behavior, we performed first-
principles calculations on the anisotropic mechanical, optical, and electronic properties of monolayer Mo2SBr2.
We find that monolayer Mo2SBr2 demonstrates obvious anisotropy in its electron mobility, μe, with an extremely
high μe of 10, 356.08 cm2 V–1 s–1 along the b direction. We attributed this strong anisotropy in monolayer
Mo2SBr2 to the unique characters in the orbital coupling. Our further studies show that direct d-d coupling
between the nearest-neighboring Mo atoms plays a critical role in the unique carrier transport properties and
strong anisotropy. Direct d-d coupling provides a fast hole transport channel along the c direction. Furthermore,
wavefunction delocalization at the valence band maximum is significantly enhanced by this d-d hybridization,
which further reduces the effective mass of holes. Our work provides physical insights into the origin of strong
anisotropy in the photoelectric properties of transition metal sulfide halides. Transition metal sulfide halides are
demonstrated to have great potential applications in novel nanoelectronic devices.
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I. INTRODUCTION

Two-dimensional (2D) materials including graphene and
transition metal dichalcogenides (TMDs) have attracted enor-
mous attention due to their unique optoelectronic performance
[1–3]. Meanwhile, the rapid development of novel optoelec-
tronic devices and energy technologies has spawned a huge
demand for special two-dimensional materials [4]. In view of
nanoelectronic and photoelectric devices, high carrier mobil-
ity and conductivity of 2D materials are usually demanded for
good performance. In contrast to 3D crystals, 2D materials
usually hold great advantages in carrier mobility and conduc-
tivity due to the quantum confinement effect [5,6].

Recently, various 2D materials with high carrier mobility
have been discovered to achieve outstanding photoelectric
properties and excellent device performance. Graphene ex-
hibited an ultrahigh mobility exceeding 10, 000 cm2 V–1 s–1

at room temperature due to its linear energy dispersion [7].
Field effect transistors based on single-layer MoS2 exhibited
an electron mobility of 200 cm2 V–1 s–1 and a high on-off
ratio of 108 [8]. Black phosphorus was reported to possess
a moderate direct band gap and high hole mobility of ∼
10, 000 cm2 V–1 s–1 [9].

More recently, enormous efforts have been devoted to
polarization-resolved detection in which linear dichroism is
required for active materials. Many anisotropic 2D mate-
rials, such as bismuth oxyhalides and black phosphorus,
have been explored in recent years [10–13]. Binary IV-VI
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chalcogenides with layered orthorhombic structures exhibit
obvious anisotropy in their electronic and optical properties
[14]. An et al. [15] reported an anisotropic electron mobil-
ity of 2D ZrB2, endowing ZrBr2 potential applications in
negative differential conductance-based nanodevices. Further-
more, anisotropy of some 2D materials can be enhanced or
induced by composition engineering, including alloying and
anion/cation mutation. MoSSe exhibits anisotropy in carrier
mobility, although the anisotropy value is still low, which re-
stricts its applications in polarization-resolved detection [16].

So far, the high carrier mobility and high anisotropy in
2D materials mentioned earlier are attributed to the spe-
cific crystal symmetry and unique orbital coupling characters
of band-edge states. Particularly, the ultrahigh mobility of
graphene originates from the highly delocalized band-edge
states formed by the big π coupling of C pz orbitals [3,17].
Band-edge states of phosphorene are formed by the 3p-3p
coupling between the nearest-neighboring P atoms. And the
relative delocalization of P 3p orbitals combined with its
covalent bonding characters endows phosphorene with high
hole mobility [13]. Furthermore, obvious anisotropies in elec-
tronic, optical, and transport properties in phosphorene are
induced by the distinct orbital coupling characters of band-
edge states along the b and c directions [18]. Similarly, layered
IV-VI semiconductors exhibit strong anisotropic photoelectric
properties due to their structural anisotropy and direction-
dependent orbital coupling [14].

As a derivative of TMDs, layered transition metal sul-
fide halides including Mo2SBr2 are also expected to have
anisotropic photoelectric and transport properties due to
their obvious structural anisotropies. Figure 1(a) gives
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FIG. 1. (a) Three-dimensional views of the monolayer Mo2SBr2

structure. The direction of the vacuum layer is set as the a direction.
(b) The phonon band structures of monolayer Mo2SBr2 along the
high symmetric points in the Brillouin zone.

three-dimensional views of the crystal structure of monolayer
Mo2SBr2. Monolayer Mo2SBr2 is derived from a Chevrel
phase with [Mo6] octahedron subunits covalently bonding
in the bc plane and forming a layered structure along the
a direction [19–21]. Along the b-axis, [Mo6] octahedrons
are directly bonded together with a corner-sharing pattern.
Along the c direction, [Mo6] octahedrons indirectly connect
with two adjacent [Mo6] through one S atom and two Br
atoms. It should be mentioned that van der Waals (vdW)
correction has little influence on the structural and electronic
properties of monolayer Mo2SBr2, so vdW correction is not
considered here.

Previous works have found that Mo2SBr2 exhibits obvious
in-plane anisotropy in its electronic structure and photo-
electric properties, which endows it with great application
potential for polarized detection [22]. The mechanism of the
anisotropy, however, is far from clear. What is more, because
the Br atom is a little more electronegative and much larger in
size than the S atom, the overlap of wavefunctions formed by
Mo 4d-Br 4p coupling is reduced. According to the band cou-
pling model [23], Mo2SBr2 is expected to have lower carrier
mobility than MoS2. Actually, Mo2SBr2 exhibits very good
carrier transport performance in experiments [22], indicating
an even higher carrier mobility than 2H-MoS2. The origin of
its high carrier mobility is also unknown.

Herein, theoretical calculations are performed to explore
the physics of anisotropic properties of monolayer Mo2SBr2.
Mechanical and electronic properties are investigated by us-
ing the density functional theory. It is demonstrated that the
weak interlayer coupling exerts little influence on the physical
properties of monolayer Mo2SBr2. The calculation of car-
rier mobility confirms the in-plane anisotropy of Mo2SBr2.
Direct d-d orbital coupling between the nearest-neighboring
Mo atoms is revealed to play a critical role in high car-
rier mobility. This direct d-d coupling that mainly occurs at
the valence band maximum (VBM) facilitates hole transport
along the c direction by providing a fast transport channel.
Furthermore, the in-plane d-d orbital coupling of Mo atoms
largely leads to anisotropy in the photoelectric and transport
properties of Mo2SBr2.

II. COMPUTATIONAL METHODS

The Vienna Ab-initio Simulation Package (VASP) is
the software package in which all the calculations of

geometric structure optimization and electronic structure
are performed [24]. The projector augmented wave po-
tential is used to describe the pseudopotential in dealing
with the interaction between the valence electron and the
ionic substance. The exchange-correlation functional between
electrons is described by the generalized-gradient approxi-
mation (GGA), with the exchange-correlation functional of
Perdew-Burke-Ernzerhof (PBE) [25,26]. To overcome the
band-gap underestimation of the GGA-PBE functional, the
Heyd-Scuseria-Ernzerhof hybrid functional method (HSE06)
with mixing 25% screened Hartree-Fock exchange to the
GGA-PBE functional is used to obtain the accurate elec-
tronic structure [27]. The cutoff energy of the plane wave
basis is set as 400 eV. The integration of the Brillouin zone
uses the Gamma method to generate a 1 × 6 × 4 k-point
mesh. The force-convergence criterion for structural relax-
ation is 0.01 eV/Å on each atom. The thickness of the vacuum
layer perpendicular to the two-dimensional plane is not less
than 15 Å.

In order to explore detailed features of the chemical
bonding in the employed system, crystal orbital Hamiltonian
populations (COHPs) [28,29] of some related chemical bond-
ing are calculated by using LOBSTER software. Projected
COHP results can also be obtained from the chemical bonding
analysis in LOBSTER. with reading and processing output
data from VASP calculations [30,31].

To explore the transport properties of monolayer Mo2SBr2,
lattice scattering (phonon scattering) and ionized impurity
scattering are taken into consideration when calculating its
carrier mobility [32,33]. In the low-energy range, coupling
between carriers and the acoustic phonon coupling dominates
the scattering, which can be calculated using the deformation
potential theory proposed by Bardeen and Shockley [34].
Based on the effective mass approximation, the deformation
potential theory can be well used to study the mobility of
two-dimensional and one-dimensional materials [35].

Accordingly, carrier mobility of a 2D material is calculated
as follows [36,37]:

μ2D = eh̄3C2D

T kBmd m∗E2
1

.

In the formula, e is the charge of the electron, ћ is the
reduced Planck constant, and C2D is the elastic modulus in
the two-dimensional direction, which is defined as C2D =
[∂2E/∂ (�l/l0)2]/S0 (where l0 is the lattice constant in the
transmission direction, �l is the deformation in that direction,
and S0 is the plane area of the two-dimensional material), kB is
Boltzmann’s constant, and T is temperature. During calcula-
tions, the temperature is taken as room temperature, 300 K. m∗
is the effective mass of carriers in the transmission direction
and md = √

m∗
b · m∗

c is the average value of the effective mass
of carriers. m∗

b and m∗
c are carrier effective masses along the b

and c directions, respectively. E1 is the deformation potential
constant, which is the energy change of the conduction band
minimum (CBM) or VBM under compressive or tensile strain.
E1 is defined as E1 = �EVBM(CBM)/(�l/l0). �EVBM is the
energy change of VBM for holes (CBM for electrons) induced
by strains.
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TABLE I. The band gap and formation energy of monolayer Mo2SBr2 and 2H-MoS2 are calculated. Charge gains (�C) (in units of e) of
each element from the Bader charge analysis are also listed.

Material Eg_HSE (eV) Formation energy (eV) �C (Mo) �C (S) �C (Br)

2H-MoS2 2.13 –2.760 –1.146 0.574 —
Mo2SBr2 1.85 –3.085 –0.863 0.824 0.451

III. RESULTS AND DISCUSSION

A. Geometric structure and lattice stability

Mo2SBr2 holds the space group of Pmma, with Mo2SBr2

layers stacking along the a direction. The optimized lat-
tice constants of monolayer Mo2SBr2 are b = 6.71 Å and
c = 12.07 Å. The optimized Mo-S bond length in monolayer
Mo2SBr2 is 2.48 Å, which is a little longer than that of mono-
layer MoS2 (2.42 Å).

To evaluate the structural stability of Mo2SBr2, formation
energy, E f , is calculated. The formation energy of Mo2SBr2

is defined as follows [38,39]:

E f = Etotal

nformula
− E (S) − 2(Mo) − 2E (Br),

where Etotal in the formula represents the total energy of each
Mo2SBr2 primitive cell; nformula is the number of formula units
in the primitive cell, which is 30 for Mo2SBr2; and E (X )
represents the average energy of each X atom in its elemental
form.

The formation energy of 2H-MoS2 is also calculated here
for comparison. The calculated results of formation energy
are shown in Table I. It is found that the formation energy of
Mo2SBr2 is slightly lower than that of 2H-MoS2, indicating
good static stability of Mo2SBr2.

In order to check the dynamic stability of Mo2SBr2, the
phonon spectrum is calculated and shown in Fig. 1(b) [40]. No
imaginary frequency near the high-symmetry points demon-
strates the dynamic stability of Mo2SBr2. Meanwhile, the
highest frequency mode of the Mo2SBr2 monolayer reaches
about 12 THz, suggesting the mechanical robustness of chem-
ical bonding.

B. Electronic structure

In Fig. 2(a), the project band structure of monolayer
Mo2SBr2 is calculated. HSE06 hybrid functional calculations
are adopted to overcome the band-gap underestimation of

GGA-PBE. It is found that Mo2SBr2 shows a direct band
gap of 1.85 eV with both the VBM and CBM locating at
the X (0.0 0.5 0.0) point. For comparison, the calculated band
gap of monolayer 2H-MoS2 is 2.13 eV, which is a little larger
than that of Mo2SBr2. Furthermore, the VBM is mainly con-
tributed by S p orbitals and the CBM mainly consists of Br
p orbitals.

The diversity of bonding situations in the Mo2SBr2 crystal
makes its electronic structure more complicated. To figure out
the causes of the difference in the electronic structures of
Mo2SBr2 and 2H-MoS2, projected density of states (PDOS)
of Mo2SBr2 is calculated in Fig. 2(b). It is found from
Fig. 2(b) that both the VBM and CBM mainly consist of
Mo d , S p, and Br p orbitals. Deeper bonding information
can be further seen through the crystal orbital Hamiltonian
population theory. The COHP of the Mo2SBr2 monolayer
reveals that both band edges exhibit antibonding characters
between the Mo d and anion p orbitals. Specifically, there
are antibonding orbitals of the Mo-S bond and the Mo-Br
bond on both the valence and conduction bands. The an-
tibonding orbital of the Mo-S bond along the c direction
is stronger than that of the Mo-Br bond mainly along the
b direction.

Compared with 2H-MoS2, Mo atoms in Mo2SBr2 have a
different chemical environment, as shown in Fig. 3(a). Along
the b direction, Mo2SBr2 is divided into five atomic layers.
Mo(1), located in the innermost layer, coordinates to three
S atoms along the c direction and two Br atoms along the
a direction. Mo(2), located in the secondary outer layer, is ad-
jacent to one S atom and three Br atoms. According to ligand
field theory [41], a different crystal field-splitting model of
Mo-d should occur in Mo2SBr2, as shown in Fig. 3(b) and
(c). Detailed analysis based on crystal field theory reveals
that d orbitals of Mo(1) split into one-fold dz2 , two-fold dxz

and dyz, one-fold dx2−y2 , and one-fold dxy. And d orbitals of
Mo(2) split into two-fold dxy and dxz, two-fold dyz and dz2 , and
one-fold dx2−y2 .

FIG. 2. (a) Projected band structure of monolayer Mo2SBr2. (b) Project density of states (PDOS) and crystal orbital Hamiltonian population
(COHP) of Mo2SBr2. The VBM is taken as the energy reference. (c) The band alignment of 2H-MoS2 and Mo2SBr2.
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FIG. 3. (a) Crystal structure of Mo2SBr2 with Mo(1) and Mo(2)
plotted in different colors. Crystal field splitting of 4d orbitals of
Mo(1) and Mo(2) are also shown. Views (b) and (c) give the PDOS
on Mo(1) and Mo(2), respectively.

In the orbital coupling model of Mo2SBr2, it is found that
the VBM is mainly formed by antibonding states between
Mo(1) dyz and S p orbitals. And the CBM mainly originates
from the antibonding between Mo(1, 2) dz2 , dxz, and Br p
orbitals. Furthermore, Mo-S bonds are mainly formed along
the c direction, while Mo-Br bonds are in-plane bonding.
Consequently, the VBM that formed by Mo-S bonding has
strong dispersion along the c direction and weak dispersion
along the b direction, which is consistent with the results of
band structures in Fig. 2(a). To evaluate the energy dispersion
of the VBM and CBM, the band decomposed charge density at
the X point is calculated in Fig. 4(a). It can be seen that the dis-
tributions of the band decomposed charge density of the VBM
and CBM mainly localize on the Mo-S and Mo-Br bonds, re-
spectively. Specifically, the band of the CBM that comes from
Mo-Br antibonding states exhibits similar dispersion along
the c and b directions. This direction-dependent dispersion of
band edges leads to anisotropic characters in the electronic,
optical, and carrier transport properties of Mo2SBr2. It is

noted that a direct d-d coupling of Mo atoms is found in
band-edge regions, which should have a significant impact on
the electronic structure. To figure out the effect of this direct
d-d coupling on the photoelectric and transport properties, the
projected COHP of this d-d coupling is calculated in Fig. 4(b).
It is found that this d-d coupling mainly comes from the
dyz-dyz coupling. Combined with the Mo-S bonding at the
VBM, the d-d orbital coupling further enhances the in-plane
stiffness along the c direction of Mo2SBr2. Different from
the VBM, direct d-d orbital coupling is absent at the CBM.
The wavefunction of the CBM state is mainly derived from
the coupling between the Br 4pz and Mo dz2 orbitals.

Further insights can be obtained by Bader charge analysis
[42]. The average charge of each element in Mo2SBr2 is
given in Table I. It is revealed that both the Mo-S and Mo-Br
bonds have ionic and covalent properties. Comparing Bader
charge results in 2H-MoS2 (Table I), a little more charge
exchange between the Mo and S atoms is found in Mo2SBr2,
indicating stronger Mo-S bonding in Mo2SBr2. Further evi-
dence comes from the shorter Mo-S bonds in Mo2SBr2. The
stronger Mo-S bonding in Mo2SBr2 pushes its VBM higher
than that in 2H-MoS2. The band alignments of monolayer
Mo2SBr2 and MoS2 can provide further insight into this direct
d-d coupling on electronic structures of Mo2SBr2. On one
hand, this direct d-d coupling pushes the VBM and CBM
of monolayer Mo2SBr2 upward. Especially for the VBM,
stronger d-d coupling results in a larger shift-up in its en-
ergy position (�Ev = 0.93eV) compared with that of the
CBM (�Ec = 0.80eV). As a result, the VBM and CBM of
monolayer Mo2SBr2 are a little higher than those of mono-
layer MoS2. On the other hand, compared with 2H-MoS2, the
direct d-d coupling in Mo2SBr2 gives rise to the enhanced
delocalization of the band-edge states, which should result in
smaller carrier effective masses and mobilities. As can be seen
from the band alignment of Mo2SBr2/2H-MoS2 in Fig. 2(c),
Mo2SBr2/2H-MoS2 tends to form a type II band alignment.

C. Mechanical properties

Previous works proved a strong correlation between
polarization-resolved detection and anisotropic mechanical
properties of semiconductors. For monolayer Mo2SBr2, the
relationship between the elastic constant and the stiffness

FIG. 4. (a) The distribution of band decomposed charge density of the CBM and VBM states. The isosurface value is set as 0.002 e Å–3.
(b) The projected COHP on the orbital coupling Mo dyz and Mo dyz.
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TABLE II. Calculated minimum and maximum of in-plane elas-
tic stiffness constants, Young’s modulus Y (N/m), shear modulus
G (N/m), and Poisson’s ratio ν on the PBE functional level.

Y (N/m) G (N/m) v

Material Min Max Min Max Min Max

2H-MoS2 124.57 124.72 49.96 50.02 0.25 0.25
Mo2SBr2 50.62 90.70 16.84 39.16 0.13 0.50

modulus can be given according to Hooke’s law:

σij=Ci jkl · εkl ,

where σi j is the second-order Cauchy stress tensor, εkl is
the second-order strain tensor, and Ci jkl is the fourth-order
anisotropic stiffness coefficient. The number of independent
elastic constants depends on the symmetry of the crystal [43].
For 2D Mo2SBr2, five nonzero Ci jkl should appear in matrix
C. And nondiagonal elements should have relationship C12 =
C21. Thus, there are in matrix C [44],

C =
⎡
⎣

C11 C12 0
C12 C22 0
0 0 C44

⎤
⎦.

The mechanical stability of a crystal lattice can be deter-
mined by the following criterions: C11 > 0&C22 > 0&C44 >

0&C11 ·C22 > C2
12 [45]. The calculated elastic stiffness coeffi-

cients of 2H-MoS2 and Mo2SBr2 are given in Table II.
Our results are in good agreement with previous work

[8]. It is revealed that all the criteria for mechanical stabil-
ity are satisfied for 2H-MoS2 and Mo2SBr2. Table II also
lists the minimum and maximum of Young’s modulus [Y (θ )],
Poisson’s ratio [ν(θ )], and the shear modulus [G(θ )] of
Mo2SBr2 [43,46]. Figure 5 shows the orientation-dependent
mechanical quantities including Young’s modulus [Y (θ )],
Poisson’s ratio [ν(θ )], and the shear modulus [G(θ )] of mono-
layer Mo2SBr2. It is found that Y (θ ), ν(θ ), and G(θ ) show
strong dependence on the azimuth angle, indicating strong
anisotropy of mechanical properties of monolayer Mo2SBr2.
Specifically, monolayer Mo2SBr2 has higher Young’s mod-
ulus Y (θ ) and shear modulus G(θ ) than 2H-MoS2. This can
be attributed to the shorter Mo-S bonds in Mo2SBr2 due to
the intralayer d-d coupling. Moreover, the anisotropy in Y (θ )
(90.70 N/m in the c direction vs. 86.55 in the b direction) of
Mo2SBr2 is further enhanced by the direct d-d coupling.

D. Carrier mobility

Carrier mobility plays a critical role in device performance
of photodetectors [47–50]. In order to investigate the potential
capacity of Mo2SBr2 as active material for optoelectronic
devices, carrier mobility was calculated by using the defor-
mation potential theory. It can be concluded that the carrier
mobility depends on three factors: the deformation poten-
tial E1, carrier effective mass m∗, and the elastic modulus
C2D along the propagation direction. The carrier mobilities at
room-temperature (300-K) 2H-MoS2 and Mo2SBr2 in the b
and c directions are calculated and summarized in Table III.

From Table III, we can find that the electron mobilities
of 2H-MoS2 in the b and c directions are 178.93 cm2 V–1 s–1

and 164.90 cm2 V–1 s–1, respectively. And the hole mobilities
are 562.44 cm2 V–1 s–1 and 542.80 cm2 V–1 s–1, respectively.
2H-MoS2 shows isotropic carrier mobility, which restricts
its application in polarization-dependent optoelectronics. Un-
like 2H-MoS2, Mo2SBr2 exhibits obvious anisotropy in its
carrier mobilities. The electron mobility along the b di-
rection (10 356.08 cm2 V–1 s–1) is much larger than that of
mobility along the c direction (914.21 cm2 V–1 s–1). The
hole mobility along the b direction (211.81 cm2 V–1 s–1) is
much smaller than that of mobility along the c direction
(1122.18 cm2 V–1 s–1). Accordingly, the anisotropic degree of
carrier mobility of the Mo2SBr2 monolayer is calculated as
η = μb/μc. Large divergence of η from unit suggests strong
anisotropy.

The anisotropic degree of carrier mobility of Mo2SBr2 is
11.33 for electrons and 0.19 for holes. This strong anisotropy
in carrier mobility in Mo2SBr2 is attributed to the distinct
deformation potential constant and the effective mass of car-
riers. Furthermore, the distribution of the band decomposed
charge density of the CBM in Fig. 4(a) shows a much more
delocalization feature along the c direction than that along the
b direction, which results in a higher deformation potential
constant along the c direction. A large deformation potential
for electron transport along the c direction is caused. More-
over, due to the small distance (2.70 Å) between two Mo(2)
atoms in [Mo6] octahedron, the wavefunction of the VBM
shows an obvious d-d orbital coupling of Mo(2)-Mo(2) along
the c direction, which leads to a higher deformation potential
for holes along the c direction, while the CBM shows no
d-d coupling along the c direction. Although d-d coupling
induces a higher deformation potential, a smaller effective
mass will also be induced due to d-d coupling between Mo
atoms. The d-d coupling will open a carrier transport channel,

FIG. 5. Calculated orientation-dependent (a) Young’s modulus Y (θ ), (b) Poisson’s ratio ν(θ ), and (c) shear modulus G(θ ) of Mo2SBr2.
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TABLE III. Calculated carrier effective masses m∗, deformation potential E1 (eV), in-plane stiffness C2D (N/m), and mobility
μ (cm2 V–1 s–1) for electron e and hole h along the b and c directions in 2H-MoS2 and Mo2SBr2. The temperature is set as room temperature
(300 K).

Carrier type Material mb
∗/m0 mc

∗/m0 E1−b E1−c C2D−b C2D−c μb μc

Electron 2H-MoS2 0.46 0.48 7.63 7.98 116.84 128.70 178.93 164.90
Mo2SBr2 0.79 0.92 0.48 2.25 85.31 92.53 10 356.08 914.21

Hole 2H-MoS2 0.59 0.62 3.80 3.87 116.84 128.70 562.44 542.80
Mo2SBr2 1.19 0.23 2.72 4.07 85.31 92.53 211.81 1122.18

which is a benefit to carrier mobility. As a result, hole mobility
along the c direction, μc, is much larger than μb. Additionally,
the d-d orbital coupling of Mo atoms in Mo2SBr2 results in
larger electron mobility than 2H-MoS2. Consequently, d-d
orbital coupling of Mo atoms has a critical influence on the
anisotropy of carrier mobility. This also coincides with the
previous analysis: Mo2SBr2 has anisotropy in carrier mobility.

IV. CONCLUSION

In summary, first-principles calculations were performed
to explore the structural, electronic properties of Mo2SBr2,
with a focus on the anisotropy in these physical proper-
ties. Monolayer Mo2SBr2 has a direct band gap of 1.85 eV.
Strong anisotropies in its mechanical and electronic properties
were revealed. It is found that monolayer Mo2SBr2 demon-
strates obvious anisotropy in its electron mobility, μe, with
an extremely high μe of 10 356.08 cm2 V–1 s–1 along the b
direction. This strong anisotropy is attributed to the unique
characters in the orbital coupling. Our further studies show
that direct d-d coupling between the nearest-neighboring
Mo atoms plays a critical role in the unique carrier trans-

port properties and strong anisotropy. Direct d-d coupling
provides a fast hole transport channel along the c direction.
Furthermore, wavefuntion delocalization at the valence band
maximum is enhanced by the direct d-d hybridization, which
further reduces the effective mass of holes. All these re-
sults provide a deep understanding of the origin of strong
anisotropy in the photoelectric properties of transition metal
sulfide halides.
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