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In the Supporting Information, we provide
phonon band structures and HSE06 band gaps of
selected strained MoTe: monolayers. We also
display the electronic band structures computed,
at the PBE level, for all considered strained
configurations of MoTez, including additional
analysis of the wave function distribution with
refined computational parameters. Information
on the lowest energy excitations computed for
selected strained MoTe: monolayers is also
reported

S1. Dynamical Stability of Strained MoTe:
Monolayers
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Figure S1. Phonon dispersion of monolayer MoTe2 under tensile (positive values) and compressive
strain (negative values) in the armchair direction. 0% refers to the unstrained configuration.
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Figure S2. Phonon dispersion of monolayer MoTe:z under tensile (positive values) and compressive
strain (negative values) in the zigzag direction. 0% refers to the unstrained configuration.

We investigated the dynamical stability of the strained monolayer MoTe:2 by calculating the phonon
dispersion of selected structures including the unstrained system for reference as well as sheets with 121%
strain, corresponding to medium-low deformations, and 1101% strain, representing extreme deformations.
The results reported in Figure S1 and Figure S2 for strain applied in the armchair and zigzag direction,
respectively, indicate that the considered configurations are dynamically stable. A few negative frequencies
around the I' point appear under -10% strain in the armchair direction (Figure S1, rightmost panel) which
we ascribe to numerical issues related to the supercell size as discussed for other two-dimensional materials
[1,2]. Dynamical instabilities with a physical origin are seen upon —-10% strain in the zigzag direction (Figure
S2, rightmost panel) in the form of negative phonon branches between I' and Y. This reciprocal-space
direction corresponds to the strained axis in the real space. This phonon instability may be considered an
indicator of a phase transformation occurring under very large strain, as previously discussed in the context
of perovskites [3,4] and 2H — 1T' phase transition in monolayer MoTe2[5-9]. It is worth mentioning that these
studies are focused on the metallic 1T phase of MoTez2 and, hence, account for several additional stimuli,
such as doping and/or temperature, alongside strain. Dedicated studies on dynamical properties of



monolayer MoTe2under extreme deformations, which go beyond the scope of the present work, are needed
to shed light on this feature.

S2 Band-gap calculations with HSE06
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Figure S3. Electronic band gap of MoTe2 computed from HSEQ6 as a function of strain applied along
the armchair (AC, black) and zigzag (ZZ, blue) directions.

S3 Band Structures of Strained MoTe: Monolayer
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Figure S4. Electronic structures of monolayer MoTe: calculated from PBE under the indicated values of

tensile strain along the armchair direction. The highest valence bands and the lowest conduction bands are
highlighted in red and green, respectively. The Fermi level in the mid-gap is marked by a dashed grey line
and set to zero.
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Figure S5. Electronic structures of monolayer MoTe: calculated from PBE under the indicated values of

compressive strain along the armchair direction. The highest valence bands and the lowest conduction
bands are highlighted in red and green, respectively. The Fermi level in the mid-gap is marked by a dashed
grey line and set to zero.
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Figure S6. Electronic structures of monolayer MoTe: calculated from PBE under the indicated values of

tensile strain along the zigzag direction. The highest valence bands and the lowest conduction bands are
highlighted in red and green, respectively. The Fermi level in the mid-gap is marked by a dashed grey line
and set to zero.
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Figure S7. Electronic structures of monolayer MoTe: calculated from PBE under the indicated values of
compressive strain along the zigzag direction. The highest valence bands and the lowest conduction bands
are highlighted in red and green, respectively. The Fermi level in the mid-gap is marked by a dashed grey
line and set to zero.
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Figure S8. (a) Electronic band structure and (b) — (d) the real space visualization of the probability density
of KS states at selected points in the reciprocal space under the specified values of compressive and tensile
strain along the armchair direction. These results shown in panel (a) are obtained with a number of k-points
between X and S as well as between Y and I' that is double with respect to their counterparts in Fig. 4 in the
main text. By comparison with Fig. 4 one does not notice any significant difference that may point to artifacts
due to k-point undersampling. The isosurfaces in panels (b) — (d) are plotted with an isovalue of 0.0035.

S4 Optical Excitations in Strained Monolayer
MoTe>

Table S1. Energy of the first excitation (Esi), of the first bright excitation (Ebright) with its index (different
from 1 if the first one is dark), GW band gap (Acw) and binding energy (B.E.) of the first bright excitation

computed as the difference between the GW gap (Acw) and its energy (Ebrign), for ML MoTe2 under selected
values of strain along the armchair (AC) and zigzag (ZZ) directions. Results for the unstrained material are
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also provided. All energy values are in eV. It is worth noting that upon large values of applied strain, the
first exciton becomes bright.

System Es1 Ebright index Acw B.E.
AC (-2%) 1.107 1.380 13t 1.787 0.407
AC (-10%) 0.984 0.984 1st 1.382 0.398
AC (+2%) 1.137 1.170 5th 1.587 0.417
AC (+10%) 0.814 0.814 st 1.191 0.377
Unstrained (0%) 1.122 1.278 5th 1.652 0.374
77 (-2%) 1.070 1.381 21st 1.790 0.409
727 (-7%) 0.929 1.120 5th 1.512 0.392
77 (+2%) 1.169 1.169 1st 1.564 0.395
77 (+10%) 0.785 0.785 Ist 1.177 0.392
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