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2 Hydrogenic Spin-Valley states in Bromine-doped 2H-MoTe2

Supplementary Note 1 : Group theory

Since the early work of Kohn and Luttinger [1], it is usual to describe the
quantum states of shallow dopants on the basis of Bloch states. To do so,
however, implies that some of the dopant orbitals be allowed to hybridize
by symmetry to the Bloch states. This can be demonstrated rigorously using
band representations theory, a theory of irreducible representations of space
groups. To our knowledge, band representation theory applied to the impurity
problem has been first discussed in Ref. [2]. Nowadays, band representations
theory is essential for the classification/identification of materials with distinct
topological properties [3] and online applications have been developed on the
Bilbao crystallographic server [4, 5].

For an impurity center, band representation theory shows how the space
group irreps restrict to the irreps of the lattice site symmetry point-group.
Reciprocally, it provides the space group irreps induced by the irreps of the
lattice site symmetry point-group. Using the application DSITESYM [5] on
the Bilbao server, we can show that the p orbitals of the Br atom restricts
to the double-group irreps Ē1, 1Ē and 2Ē of the C3v point-group, shown in
Supplementary Table 1, which induce the irreps (K8 to K12) and (LD3, LD4)
of the group of the wavevector K and Q, respectively. The irreps (K8 to
K12) corresponds to the valence and conduction bands at the K-point and
the irreps corresponds to the conduction bands (LD3, LD4) at the Q-point,
as indicated in Fig. 1 of the main text. This implies that the p-orbitals of the
Br atoms are allowed by symmetry to hybridize with the valley Bloch states.
This is confirmed by DFT calculations [6] showing that both the px,py orbitals
and the pz orbital of the anion contribute to the conduction band Q-valleys.
Actually, the pz orbital has its largest contribution at the Q-valleys and has
zero contribution to the K-points of both the valence and conduction bands.
However, the px,py-orbitals have also contributions to the K-points of both
the valence and conduction bands.

Following the notations of Ref. [7], the character table of the point double-
group C3v is :

Supplementary Table 1 : Character table of the C3v

double-group

C3v E C+
3 C−

3 3σv Ē C̄+
3 C̄−

3 3σ̄v

A1 1 1 1 1 1 1 1 1
A2 1 1 1 −1 1 1 1 −1
1E 1 ω ω∗ 0 1 ω ω∗ 0
2E 1 ω∗ ω 0 1 ω∗ ω 0
1E1/2 1 −ω −ω∗ 0 −1 ω ω∗ 0
2E1/2 1 −ω∗ −ω 0 −1 ω∗ ω 0
1E3/2 1 −1 -−1 −1 −1 1 1 1
2E3/2 1 −1 −1 1 −1 1 1 −1
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Supplementary Figure 1 : Transport properties of Br-doped 2H-MoTe2 a, Lon-
gitudinal resistivity ρxx as a function of temperature. It is calculated from ρxx = Rxxl× t/L
where t ≈ 30 µm is the thickness of the crystal, l ≈ 1 mm the width and L ≈ 1 mm the
length. The room temperature resistivity is ρ ≈ 50 mΩ cm and decreases upon cooling
down to the temperature of 225 K, indicating a saturation regime from room temperature
down to 225 K where the mobility is limited by phonon-scattering. At lower temperature,
an activated regime and a hopping regime are visualized on an Arrhenius plot as shown in
main text. b, Carrier concentration n3D on semilog scale as a function of the temperature.
From the transverse Hall resistance Rxy measured as a function of a perpendicular mag-

netic field B, one obtains the Hall coefficient ρH =
Rxyt

B
and so the carrier concentration

from n3D = 1
eρH

. In the saturation regime, n3D = 2× 1018 cm−3 as indicated by the hor-

izontal dashed line. Inset: Carrier concentration as function of temperature on linear scale
to highlight the temperature dependence from 150 K to 300 K. c, Mobility as function of
temperature. The mobility is calculated from µ = 1/eρxxn3D. Using the relation for the
resistivity and the carrier concentration and using l = L, the mobility µ = Rxy/Rxx does
not depend on geometrical factors and so is obtained with high precision. The mobility is
increasing from room temperature down to 225 K because of the reduction in phonon scat-
tering as expected in the saturation regime [8]. It reaches a maximum of µ ≈ 570 cm2V−1s−1

as indicated by the horizontal dashed line. The peak in mobility just before the activated
regime is commonly observed in doped semiconductors [8] because of the drop in carrier
concentration at this temperature as visible on panel b. However, this peak and the mobility
data at lower temperature are not meaningful. d Mobility in the hopping regime calculated
from µ = 1/eρxxn3D where we assume that all carriers of density n3D = 2 × 1018 cm−3

are contributing to the hopping transport, as done in Ref. [8]. e, Hopping length calcu-
lated following Ref. [8]. The temperature dependence of the resistivity is fitted by a Mott
law ρ ∝ exp(ξc) with the correlation length ξc = (T0/T )1/3, valid at two dimensions, and
gives T0 ≈ 27× 103 K. From the correlation length, one obtains the average hopping length
r̄ = aξc/4 where a is the Bohr radius calculated in the main text. f, Correlation time τc
calculated using the Einstein relation µ(T ) = eD/kBT between the mobility calculated in
the hopping regime and the diffusion constant D = r̄2/τc.
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Supplementary Note 2 : Fitting of the ESR data

The spectrum is constituted of a central line with additional sidelines and
can be nicely described by an effective spin Hamiltonian assuming two differ-
ent contributions of identical g-tensor. One contribution arises from electrons
localized on single Br donors, i.e. not experiencing hopping, and produces the
sidelines resulting from the hyperfine coupling of the electronic spin with the
nuclear spin of the Br atom. The second contribution produces the central
line and arises from the donor electrons hopping between different Br sites,
with the hyperfine structure being suppressed due to the different nuclear spin
polarizations probed by the electron spin. A similar model was employed for
arsenic acceptors in MoS2 [9].

To fit the experimental ESR data, we use the effective spin Hamiltonian:

Ĥ = µB
~̂S
↔
g ~̂B + ~̂S.

↔
A .~̂I + ~̂I.

↔
Q .~̂I (1)

where ~̂S is the electron spin 1/2, ~̂I the nuclear spin 3/2,
↔
g is the g-factor

tensor,
↔
A the hyperfine coupling tensor and

↔
Q the quadrupole coupling tensor

written as :

↔
Q=

hνq
4I(2I − 1)

−(1− η)
−(1 + η)

2

 (2)

where νq = e2qQ/h is the quadrupole coupling constant in MHz and η
the quadrupolar asymmetry coefficient. The coupling constant depends on the
nuclear quadrupole moment of bromine Q = 0.3 barn [10] and the electric field
gradient eq. The quadrupolar coupling constant was also included to fit the
ESR spectrum of As acceptors in MoS2 [9].

We show now how to extract the values of the hyperfine and quadrupolar
coupling constants directly from the experimental data. Supplementary Fig. 2a
shows the effect of the hyperfine coupling between the S = 1/2 electron spin
and the nuclear spin I = 3/2. Each of the two energy levels of the electron spin
splits into four levels, one for each nuclear spin projection. This leads to four
ESR resonance lines, as shown in Supplementary Fig. 2b. Because the nuclear
quadrupole moment aligns preferentially with the electric field gradient (EFG),
this produces an anisotropy term for the nuclear spin, described by the ten-

sor
↔
Q. In this case, the energy levels with nuclear spins S = ±3/2 (S = ±1/2)

shift to lower (higher) energy, as shown in Supplementary Fig. 2c with mag-
netic field along the z direction (ie, the main axis of EFG). In this situation,
four resonances lines are observed, as shown in Supplementary Fig. 2d, and
the presence of quadrupolar coupling is not directly visible. However, apply-
ing the magnetic field in-plane, Supplementary Fig. 2f shows now three major
lines because the states with S = ±3/2 nuclear projections have now identi-
cal energies, Supplementary Fig. 2e. Furthermore, because of mixing between
the nuclear spin states, transitions between states with different nuclear spin
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Supplementary Figure 2 : Simulation of the effect of hyperfine and quadrupolar
coupling. ace, Energy levels of a spin system composed of an S=1/2 electron spin and I
= 3/2 nuclear spin as function of magnetic field. Two sets of energy levels, symmetric with
respect to the horizontal line of zero energy, correspond to the two electron spin projections
S = ±1/2. The different line colors correspond to the different nuclear spin projections
indicated in the legend. The vertical red and gray lines indicate allowed ESR transitions.
The simulation have been performed for a 3 GHz microwave signal to make the energy
differences between the energy levels visible on the plots. a, With hyperfine coupling only. c,
With hyperfine and quadrupolar coupling constants where the magnetic field is applied along
the z direction. e, With hyperfine and quadrupolar coupling constants where the magnetic
field is applied in-plane. Note the presence of only three major resonance lines, red vertical
lines, and four additional resonance lines, vertical gray lines, symmetrically located on both
sides of the major resonances lines. bdf, Corresponding simulated resonance spectra. On
panel f, note the presence of additional resonances lines, due to nuclear spin mixing, of small
amplitude, also shown in the zoom-in insert.
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projection are now possible as indicated by vertical grey lines in Supplemen-
tary Fig. 2e, they give rise to ESR resonances of small amplitude as shown in
Supplementary Fig. 2f.
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Supplementary Figure 3 : Angular dependence of simulated ESR signal. Simu-
lation of a spin system with a single electron S = 1/2 and a nuclear spin I = 3/2, using
the g-factors and hyperfine parameters given in Supplementary Table 2, and the quadrupole
constant νq = −1800 MHz. The parameters are identical to those used for fitting the experi-
mental data except that we did not include the contribution of the second S=1/2 electron to
facilitate the visibility of multiple lines. The position of the resonance lines in mT as func-
tion of azimuthal angle θ where θ = 0 corresponds to the magnetic field along the z-axis are
shown a (c) in the absence (presence) of quadrupolar coupling. The vertical continuous black
lines, labeled by A, indicate that the resonance separation is controlled by the hyperfin cou-
pling constant. c, The vertical continuous green lines indicate that the separation between
the three sets of lines is controlled by the quadrupole coupling constant νq = −1800 MHz.
The vertical black dashed lines indicate the weak quadrupole-induced resonances lines are
most visible. bde, Corresponding resonances spectra as function of magnetic field. e Zoom
on the data shown in panel d where the quadrupole-induced resonances, indicated by a red
arrow, are visible.

The identification of the effects of quadrupolar coupling requires mea-
surements of the ESR signal as function of orientation of magnetic field.
Supplementary Fig. 3 shows the simulation of ESR spectra as function of
azimuthal angle between the magnetic field vector and the z axis. In the
absence of quadrupolar coupling, four resonances lines are observed at all
angles, where the energy separation is controlled by the hyperfine coupling
constant. In the presence of quadrupolar coupling, three sets of resonance lines
are observed, separated by the value of the quadrupolar coupling constant.
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Within each set, two, three of four resonances lines are observed, separated at
maximum by the hyperfine coupling constant. The central set is composed of
major resonances of larger amplitude, the two lateral sets result from nuclear
spin mixing and are of weak amplitude. At two particular angles, 41◦ and 49◦

in Supplementary Fig. 3c, lines crossing is observed in the two lateral sets,
where the resonance signals resulting from quadrupolar coupling becomes most
visible as shown in Supplementary Fig. 3e. This quadrupolar-induced reso-
nance peak is also visible in the experimental data as shown in Supplementary
Fig. 4a. Between 90 ◦ and 50 ◦, this peak is seen on one side, below 50 ◦, this
peak is seen on the other side, symmetrically. We did not analyze more pre-
cisely the angular dependence of this quadrupolar-induced resonance line. As
the separation between the two peaks corresponds to νq (see the simulation on
Supplementary Fig. 3c), the experimental data (Supplementary Fig. 4b) yields
the quadrupolar constant νq = e2qQ/h = −1800 MHz. Within this same angu-
lar range, 41◦ to 49◦, we see on the simulation Supplementary Fig. 3cd that the
four major resonance lines from the central set merge into two resonances. On
the experimental data, Supplementary Fig. 4a, we see indeed that the hyper-
fine resonances are most resolved for in-plane and out-of plane magnetic field
but in or close to the above angular range, only a broad peak is visible due to
the large overlap of resonance lobes. In the absence of quadrupolar coupling,
the visibility of the hyperfine lines should not change with angular orienta-
tion. Thus, two characteristics of the data, the apparition of peaks of weak
amplitude symmetrically with respect to the major resonances lines and the
angular dependence of the resolvability of the hyperfine lines, seems to be sim-
ply explained by the introduction of the quadrupole coupling constant. The
amplitude of the two components, in-plane and out-of-plane, of the hyperfine
coupling tensor are obtained from the separation between the hyperfine lines,
as shown Supplementary Fig. 4a.

Supplementary Table 2 : Parameters of the
effective spin Hamiltonian.

xx yy zz

g 2.0178 2.0178 2.0995
A (MHz) 180 180 127

Using the value νq = −1800 MHz, η = 0 and the hyperfine and g-factor
parameters summarized in Supplementary Table 2, the effective Hamiltonian
is solved with Easyspin [11]. We find that best fitting is obtained using a
weight of 0.01 for the first contribution, i.e., the electrons localized on single
Br donors where the quadrupolar and hyperfine coupling are included, and
using a weight of 0.99 for the second contribution, i.e., the electrons hopping
between different Br sites for which the hyperfine structure is suppressed. We
insist that the two contributions have identical g-factors and arise from the
same electrons provided by the Br dopants as demonstrated by the angular
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a b

Supplementary Figure 4 : ESR signal as function of azimuthal angle. a, The black
curves show the ESR signal as function of azimuthal angle. The red dashed curves show the
fitting curves. The red arrows are separated by 3 ×A, the black arrows are separated by 2
×A, enabling the determination of the hyperfine coupling constants for in-plane and out-of-
plane magnetic field. b, The black curves show the ESR signal as function of azimuthal angle
near 50 ◦ where the quadrupolar-induced weak resonances are observed in the simulation.
We see clearly, at 50 ◦ and 40 ◦, that the two weak resonances are located symmetrically
with respect to the major line. From their magnetic field separation, indicated by vertical
red dashed lines, the quadrupolar coupling constant νq = −1800 MHz is determined.

dependence Supplementary Fig. 4 which shows that the g-factor of both con-
tributions, the central line and the sidelines, is changing identically with the
angular orientation. A minimal MATLAB program to reproduce the fitted
ESR line is joint as a Supplementary file.

With those parameters, the experimental data with the fitting curves are
shown as function of angle, Supplementary Fig. 4a, and temperature, Supple-
mentary Fig. 5, where one can see that the model provides a reasonable fit of
the experimental data. An interesting outcome of this analysis is the identifica-
tion of the resonances resulting from the mixing of different nuclear spin states
which allows to extract the quadrupole coupling constant νq = −1800 MHz.
This value is very large but comparable to the values of 577 MHz found for
alkyl-Br molecules[12] and 832 MHz for Br2 molecules[13, 14]. Ab-initio cal-
culations of the quadrupole coupling constant[12] have shown that relativistic
effect, i.e. spin-orbit coupling, leads to an increase of the quadrupole cou-
pling constant. In 2H-MoTe2, the large spin-orbit coupling could explain the
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enhanced quadrupole coupling constant. Further works is needed to confirm
and analyze more precisely this phenomenon.
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Supplementary Figure 5 : ESR signal as function of temperature. The black curves
show the ESR signal as function of temperature for a magnetic field applied in-plane. The
red dashed curves show the fitting curves from which the linewidth and the spin coherence
time is extracted as described in the main text.
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Supplementary Note 3 : Hyperfine-limited
lifetime

In a quantum dot or hydrogenoic dopant, it has been established
theoretically[15] that the hyperfine limited coherence time should increase with
the number of atomic nucleus N explored by the electron as:

T ∗2 = ~
√

3N

2
∑

j Ij(Ij + 1)A2
jaj

(3)

where aj is the natural abundance of the nucleus element j of spin Ij .
This formula was employed by Jiang et al.[16] to describe the hyperfin-

limited coherence time of electron localized in MoS2, which they found to
be about 40 ns. Using this same formula, as well as more precise calcula-
tion adapted to TMDC by Wu et al.[17], we find that the hyperfine limited
coherence time should be about 100 ns.
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Supplementary Figure 6 : Atomic position of the Br dopant. a, Topographic STM
image of the BrTe dopant. To locate its position with respect to the Te lattice, a 2D FFT
is performed followed by a selection of the Bragg peaks and reversed FFT, whose results
is shown in panel b, where the Te atom lattice is observed. This last image is multiplied
by 200 and added to the original topographic image to highlight the position of the dopant
with respect to the Te lattice, shown panel c. The BrTe is clearly substituting a Te atom. A
plus symbol on each image is plotted at the same position to help the visualization of the
dopant position. The position of Te atoms is indicated as green on each image. The scale
bar on panel a is 3 nm long.
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Supplementary Figure 7 : Topographic profile of the two point-defects. The scale
bars are 2 nm and 4 nm long for MoTe and BrTe, respectively. The continuous red curve is
a plot of the envelope function ρ(r) = |ψ(r)|2 ∝ exp(−2r/aB) where ψ(r) ∝ exp(−r/aB)
describes the decay of the n = 1 hydrogenic wavefunction.

From several large scale topographic maps such as shown in Supplementary
Fig. 8, the density of dopants and point-defects can be estimated, the values
are given in the table below:
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min max

10 nm 5 nm

MoTe

BrTe

VMo

Supplementary Figure 8 : STM topography of the bromine-doped 2H-MoTe2.
The topographies are taken at sample bias = -1 V and temperature T = 77 K. Left: Large
scale STM topography showing multiple BrTe dopants, MoTe antisites and VMo vacancies.
The white scale bar is 10 nm long. Right: Large scale STM topography showing 5 BrTe

dopants. The white scale bar is 5 nm long.

Supplementary Table 3 : Point-defects densities.

VMo MoTe BrTe

Density [cm−2] 6.7× 1011 5× 1010 4× 1011
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Supplementary Figure 9 : Conductance maps at different sample bias. Differential
conductance maps dI

dV
from the conduction band at sample bias = 0.2 V, to the valence

band at sample bias = -1.1 V. The white scale bar on the last panel is 3 nm long. A plus
symbol indicates the center of the images.
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Supplementary Figure 10 : Displaying the phase of a 2D FFT. The phase of the
2D-FFT is relevant only at wavevectors where the Fourier amplitude is large. In other words,
the phase of a complex number of zero amplitude is undefined. a, Topographic image of
the BrTe dopant. The white scale bar is 3 nm long. b, Map of the amplitude of the 2D-
FFT applied to the topographic image. The dashed black circles indicate the position of
major peaks in the 2D-FFT and are plot at the same position in the phase maps de. c,
Map of the phase of the 2D-FFT. Because of the phase noise in areas where the amplitude
is small, the visualization of the phase pattern is difficult. d, Adding dashed white circles
around the area where a peak is observed in the amplitude map of the 2D-FFT already
helps the visualization of the phase pattern. e, To improve even more the visualization, the
phase data is only shown within the white dashed circles, otherwise, the phase is set to
zero. The same procedure is employed for displaying the phase maps everywhere in the main
manuscript and Supplementary. Note that the phase pattern observed here corresponds to
the fully symmetry irrep A. For panels cde, the white scale bars are equal to the length of
the reciprocal lattice vector ‖~a?‖.
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Supplementary Figure 11 : Amplitude of 2D-FFT at different sample bias.. Maps
of the amplitude of the 2D-FFT applied to the conductance maps shown in Supplementary
Fig. 9, at different sample bias. The black scale bars show on the last panel is equal to the
length of the reciprocal lattice vector ‖~a?‖.
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Supplementary Figure 12 : Phase of 2D-FFT at different sample bias.. Maps of
the amplitude of the 2D-FFT applied to the conductance maps shown in Supplementary
Fig. 9, at different sample bias. The black scale bars show on the last panel is equal to the
length of the reciprocal lattice vector ‖~a?‖.
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Supplementary Figure 13 : Amplitude and phase of the Fourier components qi.
a, Plot of the amplitude of the Fourier components qi (continuous line) and q̄i (dashed line)
as function of sample bias. Note the maxima at the sample bias of 0.07 V, -0.7 V and -0.9
V, corresponding to the CBS, IGS and VBS, respectively. b, Plot of the phase of the same
Fourier components. Note that the phase remains constant in the energy ranges CBS, IGS
and VBS, where the phase value is either a multiple of π or a multiple of π/3. Note the
rapid phase shift, indicated by vertical red lines, at sample bias -0.015 V, -0.47 V and -0.8
V, separating the CBS from the IGS from the VBS, successively. They indicate change in
the symmetry of the dopant states, as expected from the lifting of the valley degeneracy
according to the irreps of the double point-group C3v as shown in Fig. 4a of the main text.
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CBS

IGS

VBS

Supplementary Figure 14 : Side by side comparison of conductance maps of
BrTe and calculated probability densities. abc, Conductance maps at sample bias of
0.07 V, -0.7 V and -0.9 V, corresponding to the CBS, IGS and VBS, respectively. The scale
bar shown on panel c is 3 nm long. def, For each panel, the probability density of symmetry
adapted eigenstates is calculated for the irrep indicated in the panel. Using the same valley
wavevectors, we see that changing the phase factors in the linear combination of valley Bloch
states is sufficient to explain the change of spatial maps at different energies. The thin dash
lines indicate similar motifs on both the experimental conductance maps and the calculated
probability density. As a guide to eye, a plus symbol indicates the center of all images.
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Supplementary Figure 15 : DFT calculation of BrTe dopant in a MoTe2 mono-
layer. a, DOS as function of energy for a pristine (black) and BrTe dopant (red). For the
dopant, the DFT calculations show that the last electron-filled state (Fermi energy) is located
at the bottom of the conduction band, indicated by a red arrow. b, Map of the local DOS,
integrated between EF+0.1 V and EF+0.3 V, showing a modulation of the DOS around
the dopant. c, This modulation is a consequence of the hybridization of the p orbital of the
dopant with the Bloch states at the K-point of the conduction band, see text. Both images
are plot on the same scale. Te atoms are indicated as white dots, the Br atom is indicated
as a red dot at the centers of the images.

Supplementary Note 4 : DFT calculations for
one MoTe2 monolayer

Density functional theory (DFT) calculations using generalized gradient
approximation (GGA) within Perdew-Burke-Ernzerhof parametrization [18]
were performed as implemented in the VASP code [19, 20]. A plane-wave cut-
off of 450 eV was used in all the calculations. A vacuum space of around 20 �A
was considered in the confinement directions to avoid the spurious inter-layer
interaction. The full geometry optimizations were performed with the force
tolerance being set to 0.02 eV/�A. The Brillouin zone of the studied systems
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was sampled using 4 x 4 x 1 k-points grid. All the electronic structure calcu-
lations included the spin-orbit coupling (SOC) effect. A 10 x 10 supercell was
used for simulations of BrTe substitutions in MoTe2 monolayer. The calcula-
tions were limited to one monolayer because of the heavy computational cost
of calculating bulk systems.

Because of band structure differences between monolayers and bulk
crystals[21], a direct comparison of experimental and DFT data are not pos-
sible, however, the DFT results shown in Supplementary Fig. 15 on one
monolayer indicate that the dopant levels are also hybridized to the valley
Bloch states. They are two major differences with respect to the dopant in
the bulk material. First, a plot of the density of states (DOS) as function of
energy, Supplementary Fig. 15a, shows only an impurity level near the conduc-
tion band. Second, the spatial modulation of the local DOS, Supplementary
Fig. 15b, indicates that the p orbitals hybridize to the Bloch states at the
K-point of the conduction band and not to the Q-point as observed on the
bulk material by STM. As discussed in Supplementary Note 1, only the px,py-
orbitals have contributions to the K-points of the conduction band. As these
orbitals constitute the basis of the irrep of E symmetry, the dopant level can be
described by a wavefunction obtained as a linear combination of Bloch states
at the K-point adapted to the symmetry of the E irrep. The corresponding
probability density is shown Supplementary Fig. 15c, it has a spatial modula-
tion compatible with the DFT results. In particular, note the minima of DOS
at the impurity site; furthermore, on the DOS map calculated by DFT, note
also that each local maxima has a complex structure that cannot be described
by the simple Bloch model.

The absence of impurity level within the band gap, near the valence band, is
not clearly understood but should be the consequence of different screening and
different hybridization properties, K-point vs Q-point, between the monolayer
and bulk materials.

Finally, Supplementary Fig. 16 shows the partial density of states (PDOS)
as function of energy for the p-orbitals and d-orbitals of the Br atom and
the p and d orbitals of the 1st and 2nd neighbors Mo atoms surrounding
the Br atom. We see that near zero energy, where is located the donor-state,
a large contribution arise from the px+py orbitals of the Br atom but the
largest contribution arise from the dz2 orbitals of the 1st and 2nd neighbors
Mo atoms. As it is well established that the Bloch states at the K-point have
dz2 character, this confirms the hybridization of the dopant p-orbitals with the
Bloch states of the conduction band at the K-valleys.
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Supplementary Figure 16 : Partial density of states for BrTe dopant in a MoTe2

monolayer. From the DFT calculations, we extract the PDOS as function of energy for
the p-orbitals and d-orbitals of the Br atom and the p- and d-orbitals of the 1st and 2nd
neighbors Mo atoms surrounding the Br atom. We see that near zero energy, where is located
the donor-state, a large contribution arise from the px+py orbitals of the Br atom but the
largest contribution arise from the dz2 orbitals of the 1st and 2nd neighbors Mo atoms.
This is consistent with expected E symmetry of the Bloch states at the K-point and confirm
the hybridization of the dopant level with the Bloch states at the K-valleys known to have
mostly dz2 character.
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