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Abstract

We report electronic and optical properties of the MoS,/PtS, heterogeneous interfaces
subject to various twisting angles based on the first principles simulation. In order to
sustain the structural stability and avoid to have a large size cell, the optimized
rotation angles of the MoS,/PtS; heterogeneous interfaces are 19.1°, 30.0° and 40.9°.
It is found from the first principle simulation that the absolute passband amplitude of
the refractive index, extinction coefficient, reflectivity and absorption coefficient
curves under 30.0° rotation angle are 6-12 times higher than 19.1° and 40.9° rotation
angles of the MoS,/PtS, heterogeneous interfaces. Moreover, under the 30.0° twisting
angle, the absorption coefficient in the absorption spectrum can reach to or above
10°/cm. The absorption spectrum has a red-shift and a broadening effect with the
tensile strain, from roughly 700 nm (0% externally strain) to 1050 nm (5% externally
strain). The prominent optical properties of MoS,/PtS, heterogeneous interface under 30 °
rotation angle still exist after taking into consideration the spin-orbit coupling (SOC)
effect. These results suggest that the MoS,/PtS, heterogeneous interfaces will have

great potential applications in tunable optoelectronic devices.

Keywords: MoS,/PtS, heterogeneous structure, twisting angle, strain engineering,

optical performance

1. Introduction
As superior properties of two-dimensional (2D) materials have been revealed
continuously over the past decade, growing interests have been spurred to investigate
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the novel properties and special structures of transition-metal dichalcogenides
(TMDs)[1-7] and noble-transition-metal dichalcogenides (nTMDs)[8-13]. Previous
theoretical and experimental studies have already predicted that twisting bilayer
structures can lead to new devices exhibiting improved electronic properties. For
example, a near 1.1° twisted graphene sheets show an unconventional
superconductivity in 2D superlattices[5, 14], a mirrored Dirac cones are observed in
the 30 ° twisted bilayer graphene[15, 16]. The van der Waals (vdW) interaction is
reported to affect the electronic properties of twisted MX,/MoS; heterogeneous
interfaces[17, 18], and the PdS, (PtS;)/grapheme heterogeneous. interfaces have been

confirmed by the quasi-ohmic contact with twisting angles[19].

Despite that experimentally it is very difficult to achieve a layered structure with a
uniform stacking order, various interlayer orientation angles can be obtained with
different deposition processes[20]. For example, the twisted MoS,/WSe,
heterogeneous interfaces and bilayer graphene have been direct grown[15, 16, 21].
The various twisting angles have been produced by artificially stacking monolayer
materials. Recently, Yuan et al. created a twisted multi-layer structure by stacking two
graphene sheets with a near-1.1° twisting angle[5, 14]. The top and bottom layers of
graphene are originated from the same exfoliated flake, which allows for a precise
twisting angle controlled from 0.1° to 0.2°. Although there have been tremendous
theoretical and experimental efforts reported the interlayer rotation that can affect the
electrical properties, the influence of the interlayer rotation on the optical properties is

still unclear, especially in the TMDs/nTMDs heterogeneous interfaces.

In this work, we design and analyze electronic and optical properties of twisted
MoS,/PtS, heterogeneous interfaces by the first principle methods, which has been
widely used in many previous studies for bilayer structures[14, 17-19, 21-24].
Although some research groups have theoretically analyzed the optical properties of
the different heterogeneous interfaces, there is a lack of analysis for twisted
heterogeneous interfaces[22-24]. In this paper, our aim is to theoretically explore the
effect of parallel twisting for MoS,/PtS, heterogeneous interfaces. For this bilayer
structure, the maximum strain of lattice mismatch is calculated to be 1.29%. We
calculated that the fluctuation ranges of the optical properties under 30.0° rotation
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angle are 6-12 times higher than 19.1° and 40.9° rotation angles. More important,
under the 30.0° twisting angles, the absorption coefficient spectrum has a large
red-shift range (350 nm) under 0 to 5% external tensile strain and high absorption

coefficient is shown to near infrared under 5% external tensile strain.

2 Computational method

The twisted bilayers were calculated using the Generalized Lattice Match (GLM)
method[25], which is for calculating the relationship between number of atoms and
mismatch strain. We generate the optimized twisting angles by selecting the smaller
number of atoms and the mismatch strain. In the GLM method, the rotation angle of
monolayer MoS; relative to monolayer PtS; is defined by the angle between the two
zigzag directions. In the Figure 1(a), the surface cell of monolayer MoS; crystal is
defined by vectors u; and u,, where u;=[uiy, uly]T. In the Figure 1(b), the surface cell
of monolayer PtS; is defined by vectors vi and v,. Then, the linear equation of [uy, uy]

and [vi, Vo] is expressed as

A11 A12] [ulx Uzy _[le va]
Az Ayl Uy uZy Viy Vay

1)

where, A is the affine transformation matrix. The positive definite symmetric matrix

P defines the 2D strain tensor for deforming one cell into the other,

1+ €,y €xy
o [ Exy 1+ eyy] (2)
Because ugy=v1,=0, it leads the affine transformation matrix A as
Vix Vax _ VixUzx
Uy U Ul
A= (1) T oy (3)
uzy
From the polar decomposition of A, the rotation matrix U has a form as
__[cos (¢) —sin(¢) 4
" |sin (¢)  cos (¢) (4)
¢ =l — /2 (5)
P=UTA (6)

where, ¢, is the angle between the vectors u; and uz, ¢, is the angle between the

vectors vy and vs,.



We start modelling the MoS,/PtS, heterogeneous interfaces using the Quantum
Atomistix ToolKit (ATK2018.06) simulation tools[26]. The top and side views of the
atomic geometries of the MoS,/PtS, heterogeneous interfaces are shown in Figure 1(c)
and 1(d). The parallel twisted MoS,/PtS, heterogeneous interfaces have been
constructed by stacking a pair of opposite super cells. All the calculations have been
performed within the framework of density functional theory (DFT). We use the
generalized gradient approximation (GGA) with the parametrization of
Perdew-Burke-Ernzerhof (PBE), mesh cut-off energy of 100 Hartree and 12x12x1
k-points grid is used for the optimization calculations. To calculate the distance
between two layers, we use the semi-empirical corrections by Grimme DFT-D2
model, which takes account the long-range vdW. _interaction[27]. A large vacuum
spacing of at least 20 A is added along the c-direction to avoid the interactions that
arise while calculating the periodic boundary conditions. The structure is fully relaxed
until the force on each atom becomes smaller than 0.01 eV/A. In the electrical and
optical properties simulation, we used the Heyd-Scuseria-Ernzerhof (HSE) method,
which often leads to reasonable estimations for the bandgap and optical absorption
[28]. Previous studies show that GW calculation gave higher bandgaps than HSE
calculation for 2D materials [29]. For example, GW and HSE bandgaps for
monolayer MoS; are 2.53 eV and 2.04 eV respectively, while the experiment result is
about 1.80 €V [30]. Moreover, the HSE calculations are lower computationally
expensive than the GW calculations. Thus, the band structure and optical properties

are calculated by HSE calculation in this work.
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Figure 1. The select surface cell of MoS; (a) and PtS; (b). (c) and (d) show the top and side view of the
atomic arrangement of the MoS,/PtS, heterogeneous.interfaces, d indicates the surface distance

between two layers.

The initial stacking structure of MoS,/PtS, heterogeneous interfaces has been
constructed by a pair of oppositely skewed MoS, and PtS, supercells. When the
rotation angle is 0°, the MoS,/PtS, heterogeneous interface belongs to ‘C7’ stacking.
Different initial stacking configurations of the heterobilayers could generate different
geometries for bilayers with the same rotation angle. In the prior research, ‘C7°, ‘T’,
‘C27° and ‘AA’ stackings are four typical stacking configurations of TMDs
heterogeneous [17, 31, 32]. The choice of stacking type to be analyzed was based on a
two-step selection procedure. In the first step, we tried building four stacking types,
and only two of them (‘AA’ and ‘C7’) can be built by the first principle software.
Second, we used the criterion of the minimum mean absolute strains. For the ‘AA’
and ‘C7’ stackings, the lowest mean absolute strains on the MoS, and PtS; surfaces in
the range of 0° - 60° rotation angles are 2.90% and 3.03%, which are higher than the
mean absolute strains in ‘C7’ stacking (Table 1). Hence, our research about
MoS,/PtS; heterogeneous interface with different twisting angles is based on the ‘C7°
stacking. We calculated the mismatch strain of the MoS,/PtS, heterogeneous
interface with 0° rotation angle by GLM. Our calculations show that the mean
absolute strains on the MoS; or PtS, surfaces are 6.97% or 6.31% respectively, which
possibly induces the instability of the original atom layers because of a big mismatch
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strain. In prior studies, the mismatch strains were usually less 2%-3% and the biggest
mismatch strain was 5% [18, 19, 33]. The twisting angles of 19.1°, 30.0° and 40.9°
are analyzed below. At these angles the structure is stable while having a smaller cell
size. Using the Generalized Lattice Match method, the calculated rotation angle (6),
lattice constant (a), mean absolute strain on the MoS; layer (g) and surface distance
between two layers (d) are listed in Table 1. For MoS,/PtS, heterogeneous interfaces,
the interface distance is about 3.41 A, which is close to those of the van der Waals
structure in references[17-19]. The change of interlayer distance in the twisting
MoS,/PtS, heterogeneous interfaces generates relatively weak effect, which is very
close to recent DFT calculation results on TMDs and nTMDs heterogeneous
interfaces[17-19]. To analyze the interlayer interaction in the heterogeneous interfaces,
we calculate the binding energies (Ep) using following function
Ey, = (Ehomobilayers - EMos2 4 EPtSZ)/ NMos2 (7)

where, Epnomobitayers »+ Emos, and Epgs, are the energy of the MoS,/PtS;
heterogeneous interfaces, monolayer. MoS, and PtS;, respectively. Ny,s, is the
number of MoS; units in the heterogeneous interfaces. The results of calculated
binding energies are shown in the Table 1. The binding energy becomes higher with
the increase of the rotation angle. The maximum binding energy of MoS,/PtS;
heterogeneous interface is -300.12 meV when the rotation angle is at 40.9°. This
evolution is similar to the previous studies of the PtS, (PdS,)/Graphene and

Graphene/MoS; heterogeneous interfaces [18, 19].

Table 1. Rotation angle (), lattice constant (a), mean absolute strain (&), surface distance between two

layers (d) and binding energy (E,) for MoS,/PtS, heterogeneous interfaces.

0 (°) a (&) g d (&) Ep (MeV)
19.1 9.47 0.06% 3.41 -414.31
30.0 6.20 1.29% 3.41 -347.12
40.9 9.47 0.06% 3.42 -300.12

As shown in Figure 2, the band structures of the Brillouin zone of high symmetry
points and projected density of states (PDOS) for three twisting angles of the
MoS,/PtS, heterogeneous interfaces have been calculated by the HSE hybrid
functional. However, it has some limitations, especially when comparing a bulk
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material with a 2D material. As the HSE functional does not discriminate between the
different screening behaviors in the bulk as compared to a 2D layer[28]. Here we use
an optimized range-separated hybrid functional, which often leads to
reasonable estimates for the band gap and optical adsorption[28]. The energy bands
originated from the PtS, and MoS; are marked by red dots and blue lines, respectively.
Obviously, the valence band maximum (VBM) and conduction band minimum (CBM)
are contributed by the MoS, and PtS,, respectively. Moreover, the PDOS for each
heterogeneous interfaces shows that the VBM has the contribution-mainly from the
Mo-d orbital and CBM has the contribution mainly from the orbital coupling of the
S-p and Pt-d (Figure 2). In other words, the electron transition from Mo-d orbital to
S-p and Pt-d orbitals occurs at the energy about 1 eV, which is the calculated bandgap.
Upon increasing the rotation angle, the CBM and VBM shift. In the MoS,/PtS;
heterogeneous interfaces, the CBM shifts from a point between K and G (19.1° and
30.0° to a point between G and M (40.9°%), while the VBM shifts from the G point
(19.1°) to the K point (30.0°) then back to the G point (40.9°). The bands transition of
the CBM is a result of the band folding effect of the PtS, layer, while the transition of
VBM s attributed to the band dispersion subject to the lattice strain of MoS; layer.
Previous researches have shown that the band structure of the MoS, monolayer
changed from direct to indirect bandgap with the increase of lateral strain[34]. As the
rotation angle increases to 30°, it is seen that a clear change of the MoS; bands from
direct to indirect type due to the 1.29% deformation rate on the MoS; surface in the
Table 1. As shown in Figure 3, we calculated the average charge density difference of
the MoS,/PtS, with 30.0° rotation angle. A clear charge density decrease is shown in
the interface between MoS; and PtS,. The redistribution of the charges leads to the
charge accumulation (blue isosurface) and depletion (red isosurface), which is a key
reason of the interface charge repulsion. Moreover, this effect leads to the interface
orbital hybridization and electron transition from MoS; layer to PtS, layer, which is

accordance with the results of the PDOS (Figure 2).
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Figure 2. The computed band structures and PDOS of the MoS,/PtS, heterogeneous interfaces with

19.1° (a) 30.0.° (b) and 40.9 ° (c) rotation angles.
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Figure 3. The computed MoS, surface view (a), PtS, surface view (b) side view (c) c-direction (d)
charge density difference of the MoS,/PtS, heterogeneous interfaces with 30.0° rotation angles. Red

and blue isosurface mark the depletion and aggregation of electrons, respectively.

3 Optical properties
We calculated the optical properties of twisted MoS,/PtS, heterogeneous interfaces by
using the HSE hybrid functional. The susceptibility tensor at a frequency w can be

expressed by the Kubo-Greenwood formula:

e?n* F(Em)—f(En) _i j
Ynm - (8)

1T
m2egVw? Epm—how—ir = mmom

Xij(w) = -

Where E,, En and E,, are the energy levels at states n, m and energy difference
between the state nand m. f, I' and V are the Fermi function, broadening and volume,
respectively. %, is the i-th component of dipole matrix element between states n and
m. €,, h and e are the vacuum dielectric constant, reduced Planck constant and

elementary charge, respectively. The relative dielectric constant (e,.) can be expressed

as:
er(w) = (1 + x()) (9)

The complex dielectric constant is related to the frequency w as:
e(w) = gy (w) = €;(w) + €5 (w) (10)

The €y,€; and €, are the vacuum dielectric constant, real and imaginary parts of
the complex dielectric constant, respectively.
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From the Kramers-Kronig relations, the €; and €, can be expressed as:

(@) =1+24 [ 22 44 (12)

&(w) =-24[" 5 61(“’ W + 22 (12)

Epw

In equations (11) and (12), the o, and A are the DC conductivity and the principal
part of the integral. The extinction coefficient (k) and refractive index (n) are related
to the e(w) through the n + ik = \/e(_a)) From the terms of the real and imaginary
parts of complex dielectric constant, the n and x are given by:

fe% +e2+eq
— (13)

fe%+e§—61
) (14)

From the k, the optical absorption coefficient (a,) can be expressed as:
a, = Z%K (15)

where, ¢ and w are the speed and angular frequency of light. In the end, the

reflectivity (r) is given by:

_ (1-n)%+k?
(1+n)2+xk2

(16)

Figure 4 shows the real and imaginary parts of the complex dielectric constant for
interlayer rotations on the MoS,/PtS, heterogeneous interfaces. Here, we calculated
the interlayer rotation angles at 19.1° 30.0° and 40.9°. The values of the real part of
the dielectric constant at the incident light energy of 0 eV for 19.1° 30.0° and 40.9°
rotation angles are 1.77, 2.25 and 1.77, respectively. Figure 4(b) shows that the peaks
of imaginary parts of the complex dielectric constant appearing between photonic
energy of 1.75 eV and 2.00 eV. Looking at the spectrums of the real and imaginary
parts of the dielectric constant, the absolute value of peaks at 30.0° are considerably

larger than at other rotation angles.
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Figure 4. The real (a) and imaginary (b) parts of the complex dielectric constant for interlayer

rotations on the MoS,/PtS, heterogeneous interfaces.

Figure 5 shows the refractive index, extinction.coefficient, reflectivity and absorption
coefficient spectrums of the MoS,/PtS; heterogeneous interfaces with 19.1° 30.0° and
40.9° interlayer rotation angles. The. refractive index curves (Figure 5(a)) show a
minimum at photonic energy between 1.77 eV and 2.36 eV, while a maximum at
around 1.55 eV. Moreover, the fluctuation ranges of the refractive index under 30.0°
rotation angle is 0.85, which is 5.7 and 7.1 times higher than the 19.1° and 40.9°
rotation angles. In Figure 5(b), the maximum of the extinction coefficient with 30.0°
rotation angle is0.91, which is 5.7 and 8.7 times higher than 19.1° and 40.9° rotation
angles. The photonic energy of the peaks with 19.1°, 30.0° and 40.9° interlayer
rotation-angles are from 1.77 eV to 1.85 eV. Figure 5(c) plots the reflectivity curves
varying with the photonic energy. The reflectivity curves have a similar evolution
trend as the refractive index curves. The fluctuation range of reflectivity under 30.0°
rotation angle is 0.15, which is 9.2 and 12.0 times higher than 19.1° and 40.9° rotation
angles. Figure 5(d) shows the absorption index curves with the photon energy. The
absorption index under 30.0° interlayer rotation angle is one order of magnitude more
than other rotation angles at the same photonic energy. For the 30.0° interlayer
rotation, the absorption coefficient of higher than 10° /cm is maintained between 1.90
eV and 2.35 eV (528-653 nm), which even displays high absorptions at visible light
region. The optical properties of MoS,/PtS; heterogeneous are attributed to the nature
of the atomic orbitals, which comes from the band extreme of the material [24]. The
heterostructure configurations for the 19.1 °, 30.0 ® and 40.9 ° rotation angles,
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particularly the sizes of unit-cells are 48 atoms, 21 atoms, and 48 atoms respectively.
Under the 30° rotation angle, the MoS,/PtS, heterogeneous structure possesses more
energy band peaks in both conduction and valence zones. These additional band peaks
facilitate the optical transition across the gap, which results in larger optical properties

of MoS,/PtS; heterogeneous under 30 ° rotation angle.
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Figure 5. The refractive index (a), extinction coefficient (b), reflectivity (c) and absorption coefficient

(d) spectrums of the MoS,/PtS, heterogeneous interfaces.

We can interpret the relations among the refractive index, extinction coefficient,
reflectivity, absorption coefficient, and dielectric constant by the Lorentz model,
which is applicable to semiconductors[35]. In the Lorentz model, the atom with the
electronic bond to the nucleus is analogues to a small mass bonded to a large mass by
a spring. Assume the twisted heterostructure and the incident light to be a collection
of damped harmonic oscillators with a characteristic vibrational frequency and the
light frequency are w, and w, respectively. In the regime of the high absorption
band (w = w,), the imaginary part of the complex dielectric constant, extinction
coefficient and absorption coefficient achieve the peak, the refractive index and real
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part of the complex dielectric constant decrease with the increase of the photonic
energy. In the regime of the low frequency (w < wg), the imaginary part of the
complex dielectric constant, extinction coefficient and absorption coefficient increase
with the increase of the photonic energy, the refractive index and real part of the
complex dielectric constant increase with the increase of the photonic energy. The
material is transparent in this regime. In the regime of the high frequency (w > wy),
the imaginary part of the complex dielectric constant, extinction coefficient and
absorption coefficient decrease with the increase of the photonic energy, while the

refractive index increase with the increase of the photonic energy.

The strain-dependent absorption coefficient of the MoS,/PtS; heterogeneous interface
with 30.0° rotation angle has been calculated and shown in Figure 6. The symmetrical
biaxial external tensile deformation ranging between O and 5% is applied. The
magnitude of strain is defined as Ae = (a — ay)/a,, Where a; and a are the
equilibrium and strained lattice values, respectively. In the Figure 6, the observation
reveals that the high absorption band shifts toward longer wavelengths. This red-shift
is almost uniform with the increasing strain values. Essentially it is not only red-shift
of the spectrum, the strain-also introduces band broadening, which increases the
absorption band by 350 nm (shown in Figure 6). The band broadening effect causes
the high absorption being expanded to visible region. Table 2 shows the absorption
coefficient and absorption wavelength of the MoS,/PtS, heterogeneous interface
compared with other heterogeneous materials. Obviously, the range of absorption
wavelength of the MoS,/PtS, is wider than other heterogeneous interfaces except for
the Graphene/MoS; heterogeneous interface. However, the absorption coefficient of
Graphene/MoS; is only from 1.0 x10* /cm to 8.5x10* /cm, which is one order of
magnitude lower than the MoS,/PtS, heterogeneous interface. Although the
absorption coefficient peak of GeSe/SnS and Phosphorene nanoflakes heterogeneous
interfaces are higher than MoS,/PtS, heterogeneous interface, the absorption
bandwidth spans ultraviolet to visible light, which does not include near infrared. It is
worth to highlight that under the 5% external tensile deformation, the high absorption
band is from around 450 nm (visible light) to around 1050 nm (near infrared), which
for the first time demonstrates high absorption at infrared region compared with prior
investigations. Here DFT simulation did not consider excitonic binding energy of this

13



heterostructure, and the optical absorption spectrum corresponding to the excitonic

effect in far-infrared is not shown. From the values of ground states bandgap and

exciton binding energies, the excitons induced optical absorption band is far away

from the ground states induced absorption, hence there will be less interaction /

impact between two spectrums, which can be reasonably considered as extra

absorption bands in very long wavelength regions.

Absorption coefficient (/cm)

10° ¢

10°

105E

1045

' 350 nm
i

500

1000
Wavelength (nm)

1500

Figure 6. The absorption coefficient spectrums of the 30.0° twisted MoS,/PtS, heterogeneous interface

under the biaxial tensile strains.

Table 2. Absorption coefficient and wavelength of different heterogeneous interfaces.

Heterogeneous interface

Absorption wavelength

Absorption coefficient

(nm) (/cm)

Graphene/MoS;[36] 150-1200 1.0 x10*-8.5x10*
InSe/MoS,[37] 300-800 No order
GaN/WS,[38] 100-210 1.0 x10°-1. 8 x10°
GaN/WSe;[38] 100-200 1.0 x10°-1. 4 x10°
Born phosphide/Blue phosphorus[39] 120-620 No order
GeSe/SnS[24] 50-600 1.0 x10°-9.0x10°
C.N/Sb[23] 177-310 1.0 x10°-1. 2 x10°
Phosphorene nanoflakes[40] 248-496 1.0 x10°-7.0x10°
MoS,/PtS; (our results) 450-1050 1.0 x10°-3.5x10°
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4 Spain-orbit coupling effect

We calculated the electronic band structure and the dielectric constant taking into
consideration Spin-orbit coupling (SOC) effect in the Figures 7. The bands are
projected to spin up and down by red and blue lines, respectively. In order to provide
a comparison, the bandgaps of the MoS,/PtS; heterogeneous interfaces with 19:1°,
30.0° and 40.9° rotation angles are calculated with and without SOC effect are shown
in the Table 3. The indirect bandgap decreases by around 9.5 meV, for the 19.1°
rotation angle the main reason is that the spin orbit induce a light spitting (11.9 meV)
of the CBM between K and G point, which causes the CBM to decrease. The VBM is
nearly unaffected due to a small spin orbit spitting at G point. For the MoS,/PtS,
heterogeneous interface with 30.0°, the bandgap decreases by about 50.0 meV due to
a clear spin orbit spitting at VBM about 127.3 meV, while a slight spin orbit spitting
at CBM about 10.6 meV. For the MoS,/PtS, heterogeneous interface with 40.9°, the
main reason of the bandgap decreasing by around 9.6 meV is the spin orbit induced
spitting of CBM between G point and.M point (12.4 meV). Under the SOC effect, the
values of the real part of the dielectric constant at the incident light energy of 0 eV for
19.1° 30.0° and 40.9° rotation angles increase by 0.07, 0.18 and 0.11, respectively.
Moreover, the Figure 7(e) shows that the peaks of imaginary parts of the complex
dielectric constant increase by 0.53, 0.51 and 0.74 appearing between photonic energy
of 1.75 eV and 2.00 eV. The strain-dependent absorption coefficient of the MoS,/PtS,
heterogeneous .interface with 30.0° rotation angle has been calculated with the SOC
effect in Figure 7(f). The main change is that the absorption band widening due to the

mechanical strain decreases from 350 nm to 280 nm.
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Figure7. The computed band.structures with 19.1° (a) 30.0° (b) 40.9° (c) rotation angles, real (d),
imaginary (e) parts of the complex dielectric constant and absorption coefficient spectrums with the
30.0° rotation angles under the biaxial tensile strains of the MoS,/PtS, heterogeneous interfaces

considering the SOC effect.

Table 3. Bandgap computed with and without SOC effect for MoS,/PtS, heterogeneous interfaces.

19.1° 30.0° 40.9°
Without SOC  1.04eV 1.14eV 1.06 eV
With SOC 1.03eV 109 eV 1.05eV

5 Conclusion

To summarize, ab initio simulations have been conducted to investigate the electronic
and optical properties of the MoS,/PtS, heterogeneous interfaces subject to various
twisting angles. The structure, electronic and optical properties of MoS,/PtS,
heterogeneous interfaces have been optimized and subsequently simulated when
subjecting to parallel twisting angles. Main conclusions are drawn that the peak
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absolute values of the refractive index, extinction coefficient, reflectivity and
absorption coefficient under 30.0° rotation angle are far bigger than 19.1° and 40.9°
rotation angles. In addition, under the 30.0° twisting angle, the high absorption
coefficient (>10°/cm) of MoS,/PtS; heterogeneous interface has a red-shift and a
broadening effect with the tensile strain, from roughly 700 nm (0% external strain) to
1050 nm (5% external strain), in the meantime a significant band broadening effect of
the high absorption band has been shown under tensile strains. Although there is no
experimental research about applying strain on a twisted heterogeneous interface until
now, the experiment demonstrating strain and twisted interlayer tuning electrical and
optical properties of 2D transition metal dichalcogenides TMDs heterogeneous
structures are proposed in some prior works [41, 42]. Therefore, theoretical research
of applying strain on a twisted heterogeneous interface is important to explore the

potential application in tunable optoelectronic devices.
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Highlights:

1. 2D MoS,/PtS; heterogeneous interface has been simulated using DFT.
2. Twisting and strain effects are considered in the simulation.
3. Optical absorption spectrum has been found to be widened by twisting and

strain:

4. Optical absorption peak has been significantly increased for certain twisting

angles.
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