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Motivated by the recent successful synthesis of highly crystalline ultrathin BiTeCl and BiTeBr
layered sheets [Debarati Hajra et al., ACS Nano 14, 15626 (2020)], herein for the first time, we
carry out a comprehensive study of structural and electronic properties of the BiTeCl and BiTeBr
Janus monolayers using density functional theory (DFT) calculations. Different structural and
electronic parameters including lattice constant, bond lengths, layer thickness in the z-direction,
different interatomic angles, work function, charge density difference, cohesive energy and Rashba
coefficients are determined to provide a deep understanding of these monolayers. Calculations show
good stability of the studied single layers. BiTeCl and BiTeBr monolayers are semiconductors with
electronic bandgaps of 0.83 and 0.80 eV, respectively. Results also show that the semiconductor-
metal transformation can be induced by increasing the number of layers. In addition, the engineering
of the electronic structure is also studied by applying an electric field, and mechanical uniaxial and
biaxial strain. Results show a significant change of the bandgaps and an indirect-direct band-gap
transition can be induced. This study highlights the positive prospect for the application of BiTeCl
and BiTeBr layered sheets in novel electronic and energy conversion systems.

I. INTRODUCTION

Two-dimensional (2D) nanosheet materials have be-
come one of the most promising research fields in nan-
odevices and materials science1 since the discovery of
graphene.2 During the last couple of decades, new 2D
nanosheets have been developed, such as group IV
monochalcogenides,3 black phosphorous-like group VA
elements,4 Mxenes,5 transition metal dichalcogenides,6–9

graphene,10 and so on. Most of these 2D materi-
als demonstrate tunable electronic properties, e.g., the
transition from semiconducting to metallic upon in-
creasing layer number, and hence the electrical, optical
and catalytic properties of the structure become layer
dependent.11–15 Due to the tunable electronic and layer-
dependent properties, these 2D materials can absorb light
in the spectrum ranging from ultraviolet (UV) to infrared
(IR) regions.

Recently, the non-centrosymmetric Janus Rashba
semiconductors with the general formula of ABX (where
A is attributed to As, Sb, Bi; B= S, Se, Te; and X=Cl,
Br, I) are of interest because of their versatile quan-
tum phases.16 The Janus sublayers consist of individual
chalcogen, metal, and halogen atomic layers stacked to-
gether and separated by a weak van der Waals (vdW)
force in triple-layers. The mentioned atomic structure in-
duces a large built-in electric field and charge-separation
in each Janus layer and along the stacking direction, re-

spectively. The presence of a heavy Bi atom induces
spin-orbit coupling (SOC) as predicted experimentally
and theoretically in surface and bulk structures.17 In-
triguingly, the properties of one layer of the Janus Rashba
semiconductors make them a perfect candidate for study-
ing the interplay of contrasting quantum phenomena in
a single layer material and optoelectronic and spintronic
applications. Additionally, they have shown phase stabil-
ity and continuous tunability based on Earth-abundant
materials.18 The method of annealing at high temper-
ature has been used to fabricate BiSeCl,19 BiSeI,20

BiTeCl,21 BiTeBr,22 BiTeI23 and AsSI24 Janus Rashba
semiconductors.

C. Xin et al.25 investigated 2D SnS nanosheet layers
exfoliated from the black phosphorus-like α phase SnS,
using first-principle calculations and considering SOC.
The electronic structures of bulk and 1-6 layers of SnS
were calculated. Interestingly, due to the symmetry vari-
ation and a different splitting of the energy bands, the
SnS nanosheet layers demonstrated an odd-even quan-
tum confinement effect without any band gap reduction
in different layer thicknesses. More significantly, such 2D
SnS nanosheets also exhibited high mobility and high in-
plane anisotropy, even better than black phosphorous.
The high carrier mobility and size-dependent band gap
of SnS make it a very promising candidate for optoelec-
tronic applications. Z-Y. Zhao and Q-L. Liu26 reported
layer-dependent optical and electronic properties, and
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the microstructure of 1T ′/2H/3R-MoS2 nanosheets with
different layer thicknesses, using first-principle calcula-
tions. The microstructure and weak van der Waals in-
teraction are negligible in the evolution process from the
monolayer to bulk. The variation of the van der Waals
energy, binding energy, cleaving energy, and surface en-
ergy concerning the layer number were very slight. Here,
the variation of layer spacing, bond length, and layer
thickness concerning the layer numbers were neglected.
From the monolayer to the bilayer, and then bulk, the E-
K dispersion and the band structure were retained sim-
ilarly. The soft variations have been depicted in the en-
ergy level degeneration, energy level shift, and the change
of energy levels near the Fermi level. For the 2H-MoS2
structure, the bandgap increased as the layer number de-
creased from bulk to 1 monolayer. Moreover, for layer
numbers larger than 2, bilayer and monolayer 1T ′-MoS2
nanosheet structures showed metallic, semi-metallic, and
semiconductor conductivity, respectively. These varia-
tions confirmed that the electronic properties of MoS2
nanolayers are strongly dependent upon the number of
layers and interlayer separation. A variation of the opti-
cal properties of the nanosheets was also observed, which
could be understood based on the electronic structure
variation.

Very recently, new members of mono-elemental 2D lat-
tices were successfully synthesized, namely 2D layered
BiTeBr and BiTeCl employing a nanoscale conversion
procedure.27 The experimental study has confirmed that
Janus semiconductors BiTeX (X=Cl, Br, I) can be manu-
factured in a few triple layers. on the other hand, regular
Raman, EDX, SEM, and XRD show that highly crys-
talline BiTeBr and BiTeCl sheets can be fabricated on
request. This work marks the direct deposition of BiTeX
(X=Cl, Br, I) Rashba materials and offers ways to pro-
duce other Janus compounds belonging to MXY family
members, where MXY (M = Bi, Sb X = Se, and Te, and
X = Cl, Br, I).

In this paper, we report the structural and electronic
properties of the 2D BiTeCl monolayer and the 2D
BiTeBr structure from monolayer to multilayer utilizing
first-principles calculations. Motivated by the exciting
experimental realization of BiTeBr and BiTeCl, in this
study our objective is to effectively explore the structural
and electronic properties of these monolayers and multi-
layers using ab initio computational techniques. With
this objective, effects of uniaxial and biaxial mechanical
strain and electric field are also reported thoroughly in
this article. Application of compressive and tensile strain
on the structures can be of utmost importance, as the
construction process of these layers can change the lat-
tice constants and knowing how their properties change
under these circumstances becomes mandatory. For ap-
plications such as optoelectronics, tuning the characteris-
tics of BiTeBr and BiTeCl monolayers can be ultimately
very valuable.

II. METHOD

First-principles calculations are carried out using the
Vienna ab initio simulation package (VASP),29,30 which
is based on density functional theory (DFT).33,34 The
projector augmented wave (PAW)35,36 method is used
alongside plane-wave pseudopotentials to solve the Kohn-
Sham equations and the exchange-correlation functional
is described by the generalized gradient approximation
(GGA) developed by Perdew, Burke and Ernzerhof.31

The cutoff energy for the calculations is 600 eV to achieve
accurate results regarding the description of the elec-
tronic properties. Structure optimization is performed
until the Hellman-Feynman forces on each atom are less
than 10−3 eV/Å, while the energy convergence threshold
is 10−6 eV. To sample the first Brillouin zone (BZ), a
dense gamma-centered k-point grid of 11×11×1 is used
for the monolayer and few layers of BiTeBr; while a mesh
of 10×10×1 is used for the structures of BiTeCl. The
spin-orbit interaction is included in the calculations, the
reason for it being the strong Rashba spin splitting. Un-
der the assumption that the forces between the two layers
of BiTeBr and BiTeCl in their few-layered forms are of
van der Waals origin, the Grimme’s DFT-D3 approach37

is employed. To avoid any kind of spurious interaction
between the layers in the z-direction, a large vacuum re-
gion of 20 Å suffices for all monolayer calculations, while
the calculations involving two, three and four layers have
this region at 25 Å, 35 Å and 45 Å, respectively.

III. STRUCTURAL PROPERTIES

The geometrical atomic structures of the BiTeCl and
BiTeBr monolayers for different views are shown in Fig.
1(a). Notice that within the unit cell a Bi atom is located
between one Te atom and one X (X=Cl and Br) atom,
thus forming a monolayer with three kinds of atoms. The
calculated lattice constants of the studied monolayers are
4.31 Å (BiTeCl) and 4.35 Å (BiTeBr). The bond lengths,
Bi-Te (d1) and Bi-X (d2), are determined to be, respec-
tively: 3.05 Å and 2.96 Å (BiTeCl), 3.06 Å and 3.10 Å
(BiTeBr). The two angles of Bi-X-Bi and Bi-Te-Bi in
the lattice of BiTeCl and BiTeBr are 93/89◦ and 89/90◦,
strongly deviating from 120◦ and indicating the in-plane
anisotropy of the lattice. The thickness of BiTeCl and
BiTeBr monolayers are determined to be 3.38 and 3.57 Å,
respectively. The structural parameters including bond
lengths and bond angles, as well as the calculated lattice
constant of the hexagonal unit cells, are listed in Table I.
The dynamical stability of single-layers of BiTeX is

verified by calculating their phonon band dispersions
through the whole BZ which are presented in Figs. 1(b).
The phonon branches are free from any imaginary fre-
quencies indicating this fact for the structures. The
work function is calculated using the following, Φ =
Evacuum −EF . The calculated work function for BiTeCl
and BiTeBr monolayers are 5.17 and 4.94 eV, respec-
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Figure 1. (a) Atomic structures and the difference in charge density, (b) phonon dispersion, (c) simulated STM image, (d)
electronic band structures using PBE+SOC and (e) the corresponding DOS and PDOS of BiTeCl (top) and BiTeBr (bottom)
monolayers. The primitive unit cell is indicated in (a) by a red parallelogram. The zero of energy is set to the Fermi-level.

Table I. Structural and electronic parameters of the BiTe (X=Cl, Br) monolayers including: lattice constants a; bond lengths
between the Bi-Te (d1) and Bi-X (d2) atoms, bond angles between Bi-X-Bi (θ1) and Bi-Te-Bi (θ1) atoms, thickness, defined
by the difference between the largest and smallest z coordinates of the X and Te atoms (t), cohesive energy per atom, (Ecoh),
charge transfer (∆Q) between atoms, work function (Φ), band gap (Eg) (PBE with SOC) and Rashba coefficients are shown.

a d1 d2 t θ1,2 Ecoh ∆Q Φ Eg ER k0 αR

(Å) (Å) (Å) (Å) (◦) (eV/atom) (e) (eV) (eV) (eV) (Å−1) (eV.Å)

BiTeCl 4.31 3.05 2.96 3.38 93,89 -7.94 0.75 (0.82) 5.17 0.83 0.015 0.0039 7.48

BiTeBr 4.35 3.06 3.10 3.57 89,90 -7.36 0.59 (0.64) 4.94 0.80 0.021 0.0046 9.15

tively.

The difference in charge density (∆ρ) is defined as:
∆ρ = ρtot − ρBi − ρTe − ρX where ρtot, ρBi, ρTe and
ρX represent the charge densities of the BiTeX structure
and isolated atoms, respectively. From the difference in
charge density, we find that the positively charged Bi
atoms are surrounded by negatively charged X atoms.
Notice that each S, Se and Te atom, labeled 1(2) (see
Fig. 1(b)), gains about 0.75(0.82)e, 0.59(0.64)e and 0.36
(0.37e from the adjacent Sb atoms in BiTeCl and BiTeBr,
respectively.

The cohesive energy per atom is defined as: Ecoh =
Etot−EX−EBi−ETe

3
, where EX , EBi and ETe represent

the energies of isolated single X (Cl and Br), Bi and Te
atoms, respectively; and 3 is the total number of atoms in
the unit cell. Etot represents the total energy of the Bi-
TeX monolayer. The cohesive energy of BiTeCl is found
to be -7.94 eV/atom, while the cohesive energy of BiTeBr
is obtained to be -7.36 eV/atom. These findings indicate
that the formation of BiTeCl from free atoms is more
favorable than BiTeBr.

The electronic band structures with the corresponding
density of states (DOS) and partial DOS (PDOS) of the
BiTeX monolayers are shown in Figs. 1(d) and (e). Our
results show that the BiTeCl and BiTeBr monolayers are
semiconductors, with indirect band gaps of 0.83 eV and
0.80 eV, respectively. These values are obtained taking
into consideration the SOC. In addition, the valance band
maximum (VBM) occurs along the Γ−K−M direction,
and the conduction band minimum (CBM) lies at the
Γ-point. To understand the contribution of the different
orbitals to the electronic states and the bonding charac-
teristics, we carry out calculations of the DOS/PDOS as
shown in Fig. 1(e). It is observed that the states near the
Fermi-level have contributions from p orbitals of Bi and
Te. The contributions from the pz orbitals of Bi and Te
are located significantly higher than that of px,y-orbitals.
The fact that the pz-orbitals are dominant is caused by
the sp3-like the bond of Bi and the sp2-like the bond of
Te forming the BiTeX.

The Rashba coefficients for each structure is computed
through the shape of each band structure. As is shown in
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Fig. 1(d), k0 is the distance between CBM and the lowest
spot of the empty bands at Γ-point and is called the mo-
mentum offset. ER, or the energy splitting, is also com-
putable from the band structure and is the energy dif-
ference between the two aforementioned locations. The
simplified formulas for the calculation of k0 and ER are
as follow:

ER =
~
2k20
2m∗

, k0 =
m∗αR

~2
; (1)

where αR is the coupling constant. This parameter is
obtainable via the relationship between k0 and ER, where

αR =
2ER

k0
. (2)

The Rashba coefficients obtained for the BiTeBr and
BiTeCl monolayers are listed in Table I. The coupling
constant (αR) for both monolayers is more than sufficient
for application in spintronics.

IV. BITEX MULTILAYER

The electronic band structures of one to four layers of
BiTeBr are presented in Fig. 2(b). As pointed out before,
the BiTeBr monolayer is a semiconductor with a bandgap
of 0.80 eV. Through creating the bilayer of BiTeBr, the
bandgap is reduced to 0.22 eV using PBE+SOC. The
forces between the layers are determined as van der Waals
weak interactions and the distance between the two lay-
ers is3.10 Å. Upon adding another layer, the bandgap of
the structure is reduced to zero and a transition from
semiconductor to metal takes place. This metallic state
remains, even after four layers of BiTeBr are stacked
together. The distance between layers remains at 3.10
Å. The corresponding total DOS of these BiTeBr band
structures for one to four layers are shown in Fig. 2(c).
As layers are added to the structure, the overlap of the
bands and the presence of more states are visible. The
same behavior is seen for BiTeCl in Fig. 2(a). The mono-
layer of BiTeCl has a bandgap of 0.83 eV, while its bilayer
has a value of 0.17 eV. The same transition to metal oc-
curs as more layers are added. The HSE+SOC density
of state calculations as reported in Fig. S2 of the sup-
plementary information confirm the metallic nature for
three layers. The distance between the layers is calcu-
lated to be 2.99 Å after atomic relaxation.

V. ELECTRIC FIELD

The electronic band structure of BiTeCl and BiTeBr
monolayers under the influence of different electric fields
are shown in Figs. 3(a) and (b), respectively. An electric
field is applied in the range of 0 to 1 V/Å in the paral-

Figure 2. Electronic structure of few layer (a) BiTeCl and
(b) BiTeBr as function of layer thickness. (c) DOS of BiTeBr
multilayers. (d) Charge density of the state at the VBM and
CBM of the BiTeBr monolayer and bilayer. The zero of energy
is set to the Fermi level.

lel and antiparallel directions and the bandgap of each
monolayer is given in Fig. 3(d). The application of a
parallel electric field causes an increase in the bandgap
for both BiTeCl and BiTeBr. The bandgap of BiTeCl
reaches zero as the electric field in the parallel direction
goes to 0.8 V/Å. Analogous behaviour occurs for BiTeBr
at 0.9 V/Å where the monolayer transforms to a metal.
On the other hand, when an antiparallel electric field is
applied, both the bandgaps of BiTeCl and BiTeBr in-
crease. This continues for BiTeBr until the field reaches
0.4 V/Å where the bandgap begins a gradual decline then
starts to fall steeply as it reaches 0.7 V/Å. At 0.9 V/Å,
the bandgap no longer exists and BiTeBr has become
a metal. Analogous behaviour occurs for BiTeCl, with
some minor differences. When BiTeCl is subject to an
antiparallel electric field, the gradual decline begins at
0.5 V/Å, the steep variation starts at 0.8 V/Å, and for
even greater values of electric field than 1 V/Å, the sys-
tem does not transform to a metallic state. On inspec-
tion of the band structures, we can see that both VBM
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Figure 3. Electronic band structures of (a) BiTeCl and (b) BiTeBr monolayers, as a function of applied electric field in the
parallel (right) and anti-parallel (left) directions. The positive (negative) electric field refers to parallel (antiparallel) to the
z-axis in the normal direction, where the strength of fields vary from 0 to 1 V/Å. The energy is given relative to the Fermi
energy. (c) The electron charge density of the VBM and CBM of the BiTeBr monolayer for different strengths of E-field. (d)
Variation of bandgap as a function of applied electric field.

and CBM shift to theΓ point when switching the electric
field from antiparallel to parallel, causing an indirect-
direct band gap transition. Note that for both studied
monolayers, this transition is reached from anti parallel
strength of +0.4 (V/Å).

Due to the relative similarity between BiTeBr and
BiTeCl, the electric field is only applied to the bilayer
of BiTeBr. The range of this field, which again is in both
parallel and antiparallel directions, is less than what was
applied to the monolayers, as the changes in this struc-
ture are much more drastic. Fig. 4 shows the electronic
band structures of BiTeBr bilayer for applied electric
fields in the range of 0 to 0.3 V/Å. The changes of the
bandgap quite markedly through the application of the
parallel electric field. Application of an antiparallel elec-
tric field leads to metallic behavior of the BiTeBr bilayer.
For a parallel field of +0.1 V/Å the bandgap decreases
slightly, while the bandgap is considerably opened when
the magnitude is +0.2 V/Å. Increasing the parallel field
to +0.3 V//Å, an opposite variation is induced, reducing
again the energy gap.

The Rashba coefficient αR is proportional to the elec-
tric field for free electrons but has a more complex de-
pendence for electrons in the solid. Thus the electric field
changes the Rashba effect in two ways: first, by changing
the density of the 2DEG in the surface layers, and second,
by altering the surface asymmetry field ǫ and reorienting
the orbital energies.39 This effect, however, is not signifi-
cant enough to alter the Rashba coefficients in a tangible
way and is therefore, not dissected for this part.

Figure 4. Electronic band structures of the BiTeBr bilayer, as
a function of applied electric field in the parallel (right) and
anti-parallel (left) directions. The positive (negative) electric
field refers to parallel (antiparallel) to the z-axis in the normal
direction, where the strength of fields varies from 0 to 0.3
V/Å. The energy is calculated relative to the Fermi energy.

VI. MECHANICAL STRAIN

Uniaxial and biaxial, compressive and tensile strain in
the range of 0 to 6% is applied to BiTeBr and BiTeCl
monolayers. Fig. 5(a) shows the electronic band struc-
ture of the BiTeBr monolayer under the influence of uni-
axial strain while Fig. 5(b) demonstrates this in the pres-
ence of biaxial strain in 2% intervals. The electronic band
structure of the BiTeCl monolayer under the influence
of uniaxial strain Fig. S1 of the supplementary infor-
mation. It is observed that the splitting of the VBM
and CBM disappears with the increase of the compres-
sive strain and becomes greater with increasing tensile
strain. Fig. 5(c) shows the bandgap variation with both
compressive and tensile strain for both the BiTeBr and
BiTeCl monolayers. We only show the band structures
of one of the monolayers, as no substantially different
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behaviour occurred in the bands of BiTeCl. Upon apply-
ing uniaxial tensile strain to the monolayer of BiTeBr,
the value of the bandgap starts to decrease reaching 0.58
eV at 6%. When the strain is compressive, there is lit-
tle variation until the 2%, after which the bandgap de-
creases and reaches 0.69 eV at 6%. For biaxial tensile
strain, the decline is steeper, with the bandgap reaching
0.47 eV at 6%. For compressive strain, the bandgap in-
creases slightly, becoming 0.84 eV at 1%. After that, it
stays almost constant up to 6%. Very similar behavior
is seen for the monolayer of BiTeCl. Opposite to the be-
haviour of the uniaxial tensile strain for BiTeBr, BiTeCl
sees a small increase at 1% and then goes on to decrease
steadily until reaching the value of 0.66 eV at 6%. The
behaviour under compressive strain closely follows that
already seen in BiTeBr. The same is true for the biaxial
compressive strain, where the two structures are equally
flat on reaching 6% strain. The difference in BiTeCl is
that this steadiness continues even after tensile strain is
applied until it reaches 1%. After that, the steep decline
starts and takes the bandgap to 0.46 eV at 6%. The
overlap between interacting orbitals determines bandgap
and bandwidth. Here, the biaxial compressive strains do
not effect overlap between interacting orbitals as well as
uniaxial compressive strain.

Figure 5. Electronic band structures of BiTeBr monolayer
as a function of applied (a) uniaxial and (b) biaxial strain.
Compressive (tensile) indicated in the left (right) of panel.
The positive (negative) strain refers to tensile (compressive)
direction, where the strength of fields varies from 0 to 6%.
The energy is calculated relative to the Fermi energy. (c)
Variation of the bandgap as a function of applied uniaxial
and biaxial strain.

Figure 6. Electronic band structures of the BiTeBr bilayer,
as a function of (a) applied biaxial strain and (b) interlayer
distance. Compressive (tensile) biaxial strain is indicated in
the left (right) of the panel. The positive (negative) strain
refers to tensile (compressive) strain, where the strength of
fields varies from 0 to 6%. The interlayer distance is changed
in 0.2 Å intervals from the equilibrium position of the layers.
The energy is calculated relative to the Fermi energy.

Biaxial, compressive and tensile, strain is also applied
in the range of 0 to 6% to the bilayer of BiTeBr. Fig. 6(a)
shows the electronic band structures of this bilayer in 2%
intervals. The most notable change is the gradual disap-
pearance of the VBM split under biaxial strain, while the
band structure exhibits quite similar profiles for different
interlayer distances. The changes in the bandgap value
as a result of this strain, for both compressive and ten-
sile, are very small and they both have the same effect
on the bandgap as it decreases both ways. Tensile strain
reduces the bandgap to 0.12 eV at 6%, while compres-
sive strain yields a bandgap of 0.11 eV at 6%. Electronic
band structures of bilayer BiTeBr are given for different
interlayer distances in Fig. 6(b). As mentioned before,
the most stable structure of the BiTeBr bilayer has a sep-
aration distance of 3.10 Å. This distance is increased and
decreased at 0.1 Å intervals, going as far as 3.70 Å and
2.50 Å, respectively. As the interlayer distance increases,
so does the value of the bandgap, reaching 0.24 eV when
the distance is 3.70 Å. When the separation between the
layers decreases, the bandgap decreases and is 0.20 eV at
2.50 Å. The overall change of the bandgap value, how-
ever, is not very substantial; just 0.04 eV change for a
change of the interlayer distance in the range of 1.2 Å.

Although the bandgap of the BiTeBr bilayer does not
change drastically or interestingly when modified with
biaxial strain or interlayer distance, another parameter
sees a considerable variance. The Rashba coefficients are
seen to differ quite markedly when biaxial strain is ap-
plied or the interlayer distance is changed. The CBMs
of both BiTeBr and BiTeCl systems are formed directly
from Bi-pz orbitals. These orbitals form an anti-bonding
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Table II. Rashba coefficients as a function of interlayer distance and biaxial strain in bilayer BiTeBr. ER, k0 and αR are written
in a range of 0 to 6% of biaxial strain in 2% intervals and interlayer distance that reaches 0.6 Å further from the equilibrium
position of the layers, both ways.

Biaxial Strain -6% -4% -2% 0% 2% 4% 6%

ER(eV) 0.023 0.030 0.039 0.044 0.062 0.078 0.101

k0(Å
−1) 0.0049 0.0063 0.0071 0.0082 0.0106 0.0134 0.0160

αR(eV.Å) 9.53 9.60 11.02 10.74 11.75 11.72 12.57

Interlayer Distance 2.50Å 2.70Å 2.90Å 3.10Å 3.30Å 3.50Å 3.70Å

ER(eV) 0.098 0.079 0.059 0.044 0.034 0.028 0.025

k0(Å
−1) 0.0109 0.0101 0.0094 0.0082 0.0070 0.0062 0.0055

αR(eV.Å) 17.96 15.63 12.64 10.74 9.71 9.10 9.26

state, which is created by the overlap of the electronic
wave functions; and as a result of this overlap, spin split-
ting occurs in the conduction band near the Γ point. This
overlap only intensifies as tensile strain is applied to the
structure, which sees a change in the splitting and in
turn, the Rashba coefficients. The opposite happens as
compressive strain is put on the device. Vertical strain
or the differing of the interlayer distance manipulates the
coefficients in the same way.40 For the variation of the
compressive strain of 6% to 6% tensile strain, the energy
splitting (ER) and momentum offset (k0) increase, the
result of which can be seen in the change in the value
of the coupling constant (αR). Changing the separation
between the layers also has a direct effect on the Rashba
coefficients, where ER and k0 increase with the layers
closer together and decrease as the layers are pushed fur-
ther away from each other. These coefficients are calcu-
lated and listed in Table II. The ability to tune these
coefficients with such large variations can be highly ef-
fective in optoelectronic and spintronic applications.

VII. CONCLUSION

In summary, ab initio calculations have been used to
investigate the structural and electronic properties of the
recently synthesized 2D-BiTeX (X=Br, Cl) structures.
Indirect bandgaps of 0.80 eV and 0.83 eV are obtained by
PBE+SOC for BiTeBr and BiTeCl, respectively. Calcu-
lated phonon band dispersion shows dynamical stability
of the 2D structures as they lack any imaginary frequen-
cies. Two structures display splitting of the CBM be-
cause of the Rashba effect, with coupling constants (αR)
of 9.15 eV.Å and 7.48 eV.Å for BiTeBr and BiTeCl, re-

spectively, which are well beyond requirements for future
spintronic applications. By increasing the layer number,
the bandgap exhibits a significant reduction and a metal-
lic character is obtained from tri-layer and additional
multilayer systems. Calculations show that the external
electric field is effective to tune the electronic structure of
BiTeCl and BiTeBr monolayers and bilayers, where the
latter shows a stronger dependence. Additionally, the
mechanical strain of both biaxial and uniaxial nature is
quite effective in changing the bandgap of both mono-
layers. A quite small energy gap modification is induced
by varying the interlayer distance. These factors mostly
affect the Rashba coefficients with the coupling constant
goes as far as 12.57 and 17.96 eV/Å, respectively. The
results presented here provide valuable insight into the
properties of BiTeBr and BiTeCl monolayer and multi-
layers, and their dependence on the strain, structure, and
electric field, which is essential for their potential use in
future applications and novel nanodevices.
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