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Figure. S1 Top (upper) and side (bottom) views of (a) MoSe; and (b) MoTe, in 2H
phase. The purple, dark yellow, and green spheres are Mo, Te and Se atoms,
respectively.
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Figure. S2 Top (upper) and side (bottom) views of (a) MoSe, and (b) MoTe, in 1T
phase. The purple, dark yellow, and green spheres are Mo, Te and Se atoms,
respectively.
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Figure. S3 The phonon dispersion and phonon density of Janus MoSeTe monolayer
in (a) 2H and (b) 1T phases, respectively.
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Figure. S4 The volume dependence of ground total energy for MoSeTe monolayer in
2H and IT phases, respectively.
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Figure. S5 Band structure of Janus MoSeTe monolayer in (a) 2H and (b) 1T phase,
respectively, by using HSE (red solid lines) and HSE+SOC (blue dash lines) functions,
respectively. The dotted lines indicate the position of the Fermi level.
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Figure. S6 Band structure of Janus MoSeTe monolayer in (a) 2H and (b) 1T phase,
respectively, by using PBE (black solid lines) and PBE+SOC (red solid lines)
functions, respectively. The dotted lines indicate the position of the Fermi level.
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Figure. S7 The dynamical dielectric function gm)=¢(®)+& () as a function of the
photon energy for Janus MoSeTe monolayer in 2H phase (left) and 1T phase (right)
obtained by PBE functional.
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Figure. S8 The imaginary part of the dielectric function & and &% corresponding to
the (a,c) 2H and (b,d) 1T phases of MoSeTe monolayer along the x and z directions,
respectively. The blue, gray and red solid lines represent the imaginary components

calculated by using GoW,, HSE06 and HSE+G W, +BSE functions, respectively.

The imaginary part &(w) of dielectric function for Janus MoSeTe are also calculated
at GyWy level (e-e correlation included and e-/ correlation neglected). Moreover, plus
Bethe-Salpeter equation (BSE) introduces higher order interaction diagrams, i.e., both
e-e and e-h effects which improves the electronic description systematically on top of
GoWy [1,2]. Thus, HSE+GyW;+BSE method was also considered. Here, e-e and e-4
represent electron-electron and electron-hole correlations effects, respectively. The
obtained results are collected in Fig. S8. From GoW, and HSE+GyW+BSE curves it
is clear that the optical anisotropy between &* and &7 largely increases by the
inclusion of local field effects, as shown in Fig. S8(a) Vs. S8(c) or S8(b) Vs. S8(d).
Additionally, the e-/ interaction produces mainly a renormalization of the intensity of
the optical peaks calculated by GyW, and HSE+GyW,+BSE methods. More inspecting
the imaginary part of the dielectric function obtained at the HSE and G,W, levels for
both phases, one can see that the inclusion of the e-e interaction leads to a blue shift.
However, inclusion of both e-e and e-/ interactions yields a significant red shit of
&(m), which agrees with the previous results [3-5]. Another appealing peculiarity
result is that the first BSE optical peak is in much better agreement with the electronic
gap than other two calculated values, implying the weakly-bound excitonic/free
carrier nature of the optical excitation. Therefore, the physical effect of e-e and e-A
interactions (excitonic effects), reproduced by GoW(+BSE, gives a more precise result.
However, the total computation by GoWy+BSE is much more expensive than other
methods. More important, it is worthy to mention that the global shape of the
spectrum are preserved calculated by these three methods for both 2H and 1T phases
of MoSeTe monolayer. Comprehensive above factors, we conclude that optical



properties of Janus MoSeTe can be explained well by independent-particle transitions.
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Figure. S9 Calculated absorption coefficient /(®), energy loss spectrum L(w) and
reflectivity R(w) for Janus MoSeTe monolayer in 2H phase (left) and 1T phase (right)

obtained by PBE functional.



2H phase 1T phase
(a)S.S (b) [

In-plane (]))

In-plane (|[)
Qut-of-plane (L)

3.0 e Qut-0f-plane (L)

0.0 T T T T T T T T 0 T T T T T T T T
0 3 6 9 12 15 18 21 24 27 0 3 6 9 12 15 18 21 24 27
Photon Energy (eV) Photon Energy (eV)
1.8 - 0
(c) (dy
In-plane (|)) In-plane (]))
154 Out-of-plane (1) |, 5 | Out-of-plane (1)
1.2 2.0 4
209 S5
= =
0.6 1.0 4
0.3 4 0.5 4
0.0 T T T T T T T T 0.0 T T T T T T T u
0 3 6 9 12 15 18 21 24 27 0 3 6 9 12 15 18 21 24 27
Photon Energy (¢V) Photon Energy (eV)

Figure. S10 Calculated refractive index 7(w) and extinction coefficient K(w) for
Janus MoSeTe monolayer in 2H phase (left) and 1T phase (right) obtained by PBE
functional.
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Figure. S11 Calculated absorbance and transmission spectrum for Janus MoSeTe
monolayer in 2H phase (left) and 1T phase (right) obtained by PBE functional.



(a) (b)1*
6 In-plane (||) In-plane (||)
Out-of-plane (L 8 - Out-of-plane (L)
44
8 2
W
04
=24
0 3 P 9 12 15 18 21 24 27 0 3 6 9 12 15 18 21 24 27
10 Photon Energy (eV) 10 Photon Energy (eV)
c d
© In-plane (||) (@ In-plane (||)
" e Quit-of-plane (L 4 Out-of-plane (L)
6 6+
g g
' &'
44 4
24 2
U T T T T T T T T u T T T T T T T T
0 3 6 9 12 15 18 21 24 27 0 3 6 9 12 15 18 21 24 27
Photon Energy (eV) Photon Energy (eV)

Figure. S12 The dynamical dielectric function &w)=&(w)+&(w) as a function of the
photon energy for MoSe; (left) and MoTe, (right) obtained by HSE06 functional.
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Figure. S13 Calculated absorption coefficient /(®), energy loss spectrum L(®) and
reflectivity R(w) for MoSe; (left) and MoTe; (right) obtained by HSE06 functional.
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Figure. S14 Calculated refractive index 7(w) and extinction coefficient K(w) for

MoSe; (left) and MoTe; (right) obtained by HSE06 functional.
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Figure. S15 Calculated absorbance and transmission spectrum for MoSe, (left) and
MoTe, (right) obtained by HSE06 functional.
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