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1. ELECTRONIC SUPPORTING
INFORMATION

1.1. Technical Details

The structural, electronic and thermoelectric (TE)
properties were studied within B1-WC1 hybrid func-
tional using the linear combination of atomic orbitals
method and localized Gaussian basis sets as implemented
in CRYSTAL.2 To study the dependence of the electronic
band structure on layer thickness (quantum confinement)
and epitaxial strain it is important that the structural
(lattice parameters a, c and c/a ratio) and electronic
(band gaps Eg) properties to be described as accurately
as possible. For this purpose, the exponents of the most
diffuse Gaussian basis functions were optimized within
B1-WC. The optimized exponents are: 0.3183 and 0.3172
for 5sp and 5d functions of Zr; 0.2597, 0.091, and 0.2246
for 5sp, 6sp, and 4d functions of S; 1.5963, 0.7686, 0.3199,
0.1, 1.5136, 1.0497, and 0.2607 for 4s, 4p, 5sp, 6sp, 4d,
5d, and 6d functions of Se; 2.3841, 0.5058, 0.292, and
0.1298 for 5sp, 6sp, 5d and 6d functions of Mo; 0.5860
and 0.1146 for 7sp and 6d functions of W; 0.828, 0.1531,
and 0.1184 for 6sp, 7sp and 6d functions of Hf; 2.5335,
0.2056, 0.8050, and 0.2259 for 5p, 6sp, 5d, and 6d func-
tions of Sn; 1.8395, 0.5048, 0.1643, 1.2672, 0.4947, and
0.1427 for 6s, 6sp, 7sp, 5d, 6d, and 7d functions of Te. To
increase the efficiency of CRYSTAL code, the two outer-
most s and p functions of Se were combined into 5sp and
6sp functions, the 6s, and 6p functions of Sn were com-
bined into a 6sp function, the 5211 contraction pattern
of Te s functions was changed into a 5221 contraction
and the most two outer s and p functions were combined
into 6sp and 7sp functions, the 2111 contraction pattern
of Mo s functions was changed into a 221 contraction
having the 5sp and 6sp combined functions and the 4f
polarization function was removed. B1-WC1 mixes the
generalized gradient approximation functional of Wu and
Cohen3 with 16% of exact exchange within B14 scheme.
B1-WC is more appropriate to treat d and f electronic
materials, being a good alternative to LDA(GGA)+U.5,6

1.2. Effect of Spin-Orbit Interaction

In order to check the effect of spin-orbit interactions
(SOI) on the electronic and TE properties of high per-
formance TMDs, we used also the augmented plane wave
and local orbital (APW + lo) method as implemented in
Wien2k code.7 These calculations were performed within
the partial implementation of B1-WC hybrid functional.
In Wien2k and APW + lo method the hybrid function-
als are implemented only inside of augmented-plane-wave
spheres around the atoms. These radii were taken to
be 2.4 Bohr, 2.3 Bohr and 2.5 Bohr for W, Se and Sn
atoms, respectively. The scalar relativistic effects were
also included. The self-consistent iterations were per-
formed for the optimized B1-WC lattice constants and
atomic positions using 6×6×6 k-point meshes inside of
the Brillouin zone to within 0.0001 Ry. The number of
plane waves is defined by RKmax whereas the largest vec-
tor in the charge-density Fourier expansion is defined by
Gmax, which were taken to be 9 and 16, respectively.
The transport properties were estimated using very dense
97×97×67 and 67×67×47 k-point meshes for bulk and
monolayer (1ML) structures, respectively. The relax-
ation time τa = 1×10−14 s in a direction was used in the
study of TE properties.

The electronic band structures with and without SOI
for 1ML and bulk structures of WSe2 and SnSe2 are
shown in Figures S1 and S2. SOI has the most domi-
nant effect on the electronic band structure of WSe2 1ML
by spitting the highest valence bands along ΓK direction
with a splitting value of ∼0.4 eV at K point, and the
lowest conduction bands near the Λ minimum along ΓK
direction (Fig. S1a, b). For WSe2 bulk, SOI splits the
lowest conduction bands and highest valence bands along
AH direction with a splitting value of ∼0.4 eV at H point
in the valence band (Fig. S1c, d). SOI decreases the di-
rect band gap of WSe2 1ML from ∼1.4 eV to ∼1.27 eV,
whereas the indirect band gap of WSe2 bulk from ∼0.8
eV to ∼0.73 eV. In the case of SnSe2 1ML and bulk, SOI
splits the highest valence bands along ΓA direction by
∼0.27 eV and avoids the band crossing along MK(LH)
and ΓM directions (Fig. S2a-d). The indirect band gap
of SnSe2 bulk is decreased by SOI from ∼0.2 eV to ∼0.17
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Figure S1: Effect of spin-orbit interaction (SOI) on electronic band structure of WSe2 monolayer (1ML) and bulk: (a) WSe2
1ML without SOI, (b) WSe2 1ML with SOI, (c) WSe2 bulk without SOI, and (d) WSe2 bulk with SOI estimated within B1-WC
partial hybrid implementation in Wien2k code.

   
(a)

ΓA H  K Γ M  L H 

  

E
ne

rg
y 

(e
V

)

  0.0

  1.0

  2.0

  3.0

 -1.0

 -2.0

 -3.0

    
(b)

ΓA H  K Γ M  L H 

  

E
ne

rg
y 

(e
V

)

  0.0

  1.0

  2.0

  3.0

 -1.0

 -2.0

 -3.0

    
(c)

Γ A H  K Γ M  L H 

  

E
ne

rg
y 

(e
V

)

  0.0

  1.0

  2.0

  3.0

 -1.0

 -2.0

 -3.0

    
(d)

Γ A H  K Γ M  L H 

  

E
ne

rg
y 

(e
V

)

  0.0

  1.0

  2.0

  3.0

 -1.0

 -2.0

 -3.0

Figure S2: Effect of spin-orbit interaction (SOI) on electronic band structure of SnSe2 monolayer (1ML) and bulk: (a) SnSe2
1ML without SOI, (b) SnSe2 1ML with SOI, (c) SnSe2 bulk without SOI, and (d) SnSe2 bulk with SOI estimated within
B1-WC partial hybrid implementation in Wien2k code.
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Figure S3: Power factor PFxx dependence on chemical potential for: (a) WSe2 monolayer (1ML), (b) WSe2 bulk, (c) SnSe2
1ML, and (d) SnSe2 bulk, estimated within B1-WC partial hybrid without/with spin-orbit interaction (SOI) at 300 K using
the relaxation time τa = 1 × 10−14 s.

eV.
PFxx along a direction estimated with and without

SOI within B1-WC partial hybrid functional for 1ML and
bulk structures of WSe2 and SnSe2 is shown in Figure S3.
The effect of SOI on maximum PFxx is not significant
at the optimal carrier concentration doping which can be
achieved experimentally and when the chemical potential
lays at ∼1.2 eV (∼-1.2 eV), ∼0.7 eV (∼-0.7 eV), ∼0.3
eV (∼-0.3 eV), and ∼0.2 eV (∼-0.1 eV) for n-type (p-
type) doping of WSe2 1ML, WSe2 bulk, SnSe2 1ML, and
SnSe2 bulk, respectively. Since PFxx at optimal doping
are not significantly affected by SOI and because SOI
can not be treated within B1-WC hybrid implementation
of CRYSTAL code, the electronic and TE properties of
TMDs were studied without the inclusion of SOI.
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Figure S4: Electronic band structure of WSe2 monolayers (MLs): (a) 1ML, (b) 2MLs, (c) 3MLs, (d) 4MLs, (e) 5MLs, and (f)
WSe2 bulk estimated within B1-WC.
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Figure S5: Electronic band structure of MoTe2 monolayers (MLs): (a) 1ML, (b) 2MLs, (c) 3MLs, (d) 4MLs, (e) 5MLs, and
(f) MoTe2 bulk estimated within B1-WC.
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Figure S6: Electronic band structure of SnSe2 monolayers (MLs): (a) 1ML, (b) 2MLs, (c) 3MLs, (d) 4MLs, (e) 5MLs, and (f)
SnSe2 bulk estimated within B1-WC.
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Figure S7: The different Se-Se atomic interactions for the
2×2×1 supercells of: (a) 2H and (b) 1T structures viewed in
bc plane.

1.3. Bonding Information Analysis

Crystal Orbital Hamilton Population (COHP) method
was used to extract the bonding information for different
pairs of atoms and their orbitals contribution.8 The dif-
ferent intra-layer, inter-layer and in-plane Se-Se atomic
interactions are represented in Figure S7 for the 2×2×1
supercells of 2H and 1T structures viewed in bc plane.
Figure S8 shows COHP for M-Se and Se-Se intra-layer
bonding, Se-Se inter-layer bonding (van der Waals), Se-
Se and M-M in-plane bonding through the sp2 hybridiza-
tion in ab plane (M - transition metal, Sn). The high-

est top VB states of WSe2 in the [-0.83eV,-1eV] energy
range have (i) pz contribution from very small σ intra-
layer, and π in-plane Se-Se bonding, (ii) p contribution
from very small π∗ inter-layer Se-Se antibonding, and
(iii) dz2 contribution from very small π in-plane W-W
bonding. In the [-1eV,-1.4eV] energy range, the elec-
tronic charge from pz orbitals of Se is displaced along
Se-Se in-plane direction making at the same time π in-
plane Se-Se bonding, π∗ intra- and π∗ inter-layer Se-Se
antibonding. The top VB states in the [-0.83eV,-1.4eV]
energy range have nonbonding character form W-Se in-
teractions inside atomic layers. The lowest CB states in
the [0.83eV,1eV] energy range have s, px and py contri-
butions from π intra-layer Se-Se bonding and σ∗ in-plane
Se-Se antibonding, and antibonding character form W-
Se interactions. CB states in [1eV, 1.4eV] energy range
associated to the very anisotropic band along HK direc-
tion have the dominant dz2 contribution from π∗ in-plane
W-W antibonding (Figure S8b). The highest top VB
states of WSe2 1ML laying in the [-1.37eV,-1.5eV] en-
ergy range have contribution from σ∗ in-plane W-W an-
tibonding and W-Se antibonding, whereas the lowest CB
states laying in [1eV,1.3eV] energy range have contribu-
tion from π∗ in-plane W-W antibonding and W-Se anti-
bonding. The electronic charge describing in-plane and
intra-layer Se-Se interactions of WSe2 1ML is localized
deeper in energy, bellow -1.5eV in VB and above 1.3eV
in CB (Figure S8a).
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Figure S8: Crystal Orbital Hamilton Population (COHP) method to extract bonding information for different pairs of atoms
and their orbitals contribution in: (a) WSe2 monolayer (ML), (b) WSe2 bulk, (c) HfSe2 ML (d) HfSe2 bulk, (e) SnSe2 ML, and
(f) SnSe2 bulk. Se pz, Sn pz, sp2, Hf dxy, dxz+ dyz, and W dz2 orbital contributions are shown in dashed lines.
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The top VB states of HfSe2 in the [-0.51eV,-1eV] en-
ergy range have (i) pz contribution from π∗ inter-layer
Se-Se antibonding and π in-plane Se-Se bonding, (ii) s,
px and py contributions from σ∗ in-plane Se-Se antibond-
ing, and (iii) nonbonding character for Hf-Se interactions.
The bottom of CB states in the [0.5eV,1eV] energy range
have (i) dxy contribution from σ in-plane Hf-Hf bond-
ing, (ii) dxz, and dyz contributions from π in-plane Hf-Hf
bonding, and (iii) antibonding character form Hf-Se in-
teractions (Figure S8d). For HfSe2 1ML, pz contribution
to VB states from π∗ intra-layer Se-Se antibonding and π
in-plane Se-Se bonding is shifted down in energy bellow
-1.5eV, and the top VB states have only s, px and py
contributions from σ∗ in-plane Se-Se antibonding. Also
dxy contribution from σ∗ in-plane Hf-Hf antibonding is
shifted up in energy above 3eV in CB, such that the bot-
tom of CB states have dxz, and dyz contributions from π
in-plane Hf-Hf bonding, and antibonding character form
Hf-Se interactions (Figure S8c).

The highest top VB states of SnSe2 in the [-0.6eV,-
0.9eV] energy range have pz contribution from π∗ intra-
and inter-layer Se-Se antibonding, and small π in-plane
Se-Se bonding. The electronic charge associated to σ∗ in-
plane Se-Se antibonding is localized bellow -0.9eV in VB.
The CB states of SnSe2 in the [0.6eV,1.2eV] energy range
have contributions from σ in-plane Se-Se bonding, small
π∗ in-plane Sn-Sn antibonding, and antibonding char-
acter form Sn-Se interactions (Figure S8f). For SnSe2
1ML, pz contribution to VB states from π∗ intra-layer
and in-plane Se-Se antibonding is shifted down in energy
bellow -1.5eV, and the contributions to bottom of CB
states in the [0.6eV,1.2eV] energy range from π∗ in-plane
Sn-Sn antibonding, σ in-plane Se-Se bonding, and Sn-Se
antibonding are slightly larger compared to SnSe2 bulk
(Figure S8e, f).

1.4. Electronic band anisotropy and effective mass
quality factors

It is desired to know what type of electronic band
structure is able to maximize TE performance (ZT ) at
a given carrier concentration n and T , which define the
position of chemical potential µ. More exactly, we look
at the effect of electronic band multiplicity/degeneracy
Nv and band anisotropy on TE performance at a given
fixed µ value. For anisotropic electronic bands, the en-
ergy dispersion relative to band minima is given by:

ε~k =
~2

2
(

1

ml
k2l +

2

mt
k2t ) (1)

where ml and mt are the effective masses along the lon-
gitudinal and transverse directions of the carrier pock-
ets with ellipsoidal Fermi surfaces. The elipsoidal carrier
pockets can be converted to a pocket model with spheri-

cal shape as:

k2l =
ml

m′d
k′

2
l (2)

k2t =
mt

m′d
k′

2
t (3)

ε~k′ =
~2

2m′d
(k′

2
l + 2k′

2
t ) =

~2

2m′d
k′

2
(4)

where m′d = (mlm
2
t )

1/3 relation is given by setting the

equality between the infinitesimal volumes d3~k = d3~k′.
Considering the spin 2 and band Nv degeneracies and the

ocupation of electronic states in inverse space ~k′ given by
Fermi distribution function, the concentration of carriers
n can be written as:

n =
2Nv
(2π)3

∫
d3~k′

exp
( ε~k′−µ
KBT

)
+ 1

(5)

n =
21/2

π2~3
Nvm

′
d
3/2

∞∫
0

ε1/2dε

exp
(
ε−µ
KBT

)
+ 1

(6)

whereas for a single spherical pocket with the energy dis-
persion ε~k = ~2k2/(2md), n is given by:

n =
21/2

π2~3
md

3/2

∞∫
0

ε1/2dε

exp
(
ε−µ
KBT

)
+ 1

(7)

From Eqs. 6 and 7, the maximization of TE perfor-
mance at given n, T , and µ constant values, implies

also constant effective mass values md
3/2 = Nvm

′
d
3/2

,
where md is called density of states effective mass (md =

Nv
2/3(mlm

2
t )

1/3). Therefore, the more appropriate ques-
tion is what type of electronic band structure is able to
maximize TE performance for a given constant md value.

It was shown that ZT increases with B quality factor
given by9–11:

B =
1

3π2

(2KBT

~2
)3/2

md
3/2KB

2µ̂T

eκl
=
BET

κl
(8)

BE =
1

3π2

(2KBT

~2
)3/2

md
3/2KB

2µ̂

e
(9)

where BE is electronic quality factor, µ̂ is carrier mobility
along transport direction, κl is the lattice thermal con-
ductivity, KB is Boltzmann constant and e is electron
charge. The carrier mobility µ̂ii and electrical conduc-
tivity σii along an orthogonal i direction (i = x, y, z) are
defined as:

µ̂ii =
1

Nv

Nv∑
j=1

µ̂jii =
1

Nv

Nv∑
j=1

eτii

mj
ii

(10)

σii = neµ̂ii (11)

where the summation over j accounts for the contribution
of each carrier pocket to µ̂ii, τii and mj

ii are relaxation
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time and effective mass components along i direction. In
the case of anisotropic ellipsoidal pockets the contribu-
tion of ml and mt to µ̂ii is determined by the crystal
symmetry and the orientation of ellipsoidal axis relative
to i direction. For cubic symmetry and also for lower
trigonal symmetry having the ellipsoidal pockets tilted
with respect to i direction, both ml and mt will enter in
the expression of µ̂ii:

µ̂ii =
1

3

( 1

ml
+

2

mt

)
eτii =

1

mI
eτii (12)

where mI is the inertial mass or conductivity mass mc

(mI = mc).
At high T where ZT reaches its maximum value,

the dominant electron-phonon scattering mechanisms are
due to acoustic phonons. The relaxation time τii for
acoustic anisotropic scattering can be estimated using
the deformation potential theory12–14 as:

τii =
π~4Cl

21/2Ξ2(KBT )3/2(mlm2
t )

1/2
(13)

where Cl is a combination of elastic constants, and Ξ is
deformation potential coefficient. Thus at high T and
even for a high band anisotropy with large anisotropy
ratio R = ml/mt, the acoustic relaxation time τii is rela-
tively isotropic (τxx ∼ τyy ∼ τzz). From Eqs. 8, 12, and
13, B quality factor can be expressed as:

B =
2~K2

BClT

3πΞ2κl

Nv
mI

(14)

B =
2~K2

BClT

3πΞ2κlmd
Bm (15)

Bm =
Nvmd

mI
(16)

where we define the adimensional factor Bm as effective
mass quality factor, which has to be maximized for a
given constant md value. The ratio md/mI was also iden-
tified as a figure of merit for the effect of electronic band
anisotropy15. Bm is related to the Fermi surface com-
plexity factor N∗vK

∗ defined as N∗vK
∗ = (md/mI)

3/2.16

Using the relations between md(resp. mI) and ml(resp.
mt), Bm can be expressed as:

Bm =
1

3
N5/3
v R1/3

(
2 +

1

R

)
(17)

where R is the effective mass anisotropy ratio R =
ml/mt. Therefore, the maximization of TE performance
(ZT , B, and Bm) at a given charge carrier density n and
T (resp. at a given md) can be achieved by increasing
simultaneously the degeneracy/multiplicity Nv of elec-
tronic bands and their anisotropy ratio R (Bm=1 for a
single isotropic carrier pocket).

In the case of highly anisotropic materials as TMDs,
the ellipsoidal longitudinal l axis is parallel to c crystal-
lographic direction such that ml = mzz contributes only

to carrier mobility µ̂c along c direction (µ̂c = eτc/ml),
whereas mt contributes only to carrier mobility µ̂ab in ab
plane (µ̂ab = eτab/mt). The relation between transverse
and orthogonal effective masses, mt = (mxxmyy)1/2, can
be found by setting the equality between the infinitesi-
mal areas d2kt = dkxdky in ab plane. At high T and for
relatively isotropic acoustic relaxation time τab ∼ τc de-
scribed by Eq. 13, the effective mass quality factor Bm,ab
in ab plane, and Bm,c along c direction are given by:

Bm,ab =
Nvmd

mt
= N5/3

v R1/3 (18)

Bm,c =
Nvmd

ml
= N5/3

v R−2/3 (19)

where R = mzz/(mxxmyy)1/2 in terms of orthogonal ef-
fective masses.

In order to quantify TE performance of TMDs mono-
layers (MLs), we consider 2D quantum well in which the
electrons are confined to move in the ab plane and having
the occupation energy given by the lowest quantization
energy of the bound state in z direction9:

ε~k =
~2

2
(

1

mxx
k2x +

1

myy
k2y +

π2

mzzL2
z

) (20)

where Lz is the width of quantum well along z direction.
The carrier density n2D, quality factor B2D, and carrier
mobility µ̂2D

ab in ab plane of 2D quantum well can be
expressed as9,17:

n2D =
1

πLz~2
Nv(mxxmyy)1/2

∞∫
0

dε

exp
(
ε−µ
KBT

)
+ 1

(21)

B2D =
K3
BT

2

πLz~2eκl
Nv(mxxmyy)1/2µ̂2D

ab (22)

µ̂2D
ab =

eτ2Dab
(mxxmyy)1/2

=
2Lze~3Cl

3KBTΞ2(mxxmyy)
(23)

where τ2Dab is the acoustic relaxation time at high T of
2D quantum well. From Eqs. 22 and 23, B2D is given
by:

B2D =
2~K2

BClT

3πΞ2κl

Nv
(mxxmyy)1/2

(24)

B2D =
2~K2

BClT

3πΞ2κlm2D
d

B2D
m (25)

B2D
m =

Nvm
2D
d

(mxxmyy)1/2
= N2

v (26)

where we define B2D
m as 2D effective mass quality factor,

which has to be maximized for a given constant density
of states effective mass m2D

d of the quantum well (m2D
d =

Nv(mxxmyy)1/2=const). Therefore at a given m2D
d , TE

performance of a 2D quantum well (ZT 2D, B2D, and
B2D
m ) is proportional with N2

v .
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Table S1: Effective masses mii(me) (i = x, y orthogonal directions, and me is free electron mass), carrier pocket degeneracy
(or band multiplicity) Nv, and 2D effective mass quality factor B2D

m = N2
v for CB minima and VB maxima of MoTe2 1-2MLs.

Effective masses mii(me) (i = x, y, z), carrier pocket degeneracy Nv, anisotropy ratio R = mzz/(mxxmyy)1/2, and effective

mass quality factor Bm,ab = N
5/3
v R1/3 in ab plane, for CB minima and VB maxima of MoTe2 strained and unstrained bulk.

The extremum points are specified in fraction of primitive inverse space vectors kj (j = 1, 2, 3) and their localization in eV are
relative to CB minimum and VB maximum.

Extremum point, mxx myy mzz R Nv B2D
m / Extremum point, mxx myy mzz R Nv B2D

m /

its localization Bm,ab its localization Bm,ab

Conduction band (CB), n-type doping Valence band (VB), p-type doping

MoTe2 K(1/3,1/3,0) 0.52 0.52 2 4 K(1/3,1/3,0) 0.63 0.65 2 4

1ML Λ(0.19,0.19,0), 0.35 0.29 6 36 Γ(0,0,0), 9.4 9.4 1 1

+0.005 -0.69

M(1/2,0,0), 0.82 0.90 3 9

-0.13

MoTe2 Λ(0.2,0.2,0) 0.36 0.32 6 36 Γ(0,0,0) 11.16 11.73 1 1

2ML K(1/3,1/3,0), 0.32 0.33 2 4 K(1/3,1/3,0), 0.62 1.57 2 4

+0.27 -0.16

K(1/3,1/3,0), 1.82 2.36 2 4 M(1/2,0,0), 0.77 0.83 3 9

+0.28 -0.31

MoTe2 bulk Λ(0.2,0.2,0) 0.38 0.33 0.44 1.2 6 21.1 Γ(0,0,0) 0.6 0.6 2.77 4.6 1 1.7

+2% strain K(1/3,1/3,0), 1.62 3.10 8.47 3.8 2 5 K(1/3,1/3,0), 0.51 0.52 0.68 1.3 2 3.5

+0.13 -0.49

K(1/3,1/3,0), 0.25 0.25 15.88 63.5 2 12.7 A(0,0,1/2), 1.41 1.41 0.04 0.03 1 0.3

+0.14 -0.09

K(1/3,1/3,0), 0.62 0.61 0.27 0.4 2 2.3

+0.39

H(1/3,1/3,1/2), 0.42 0.42 1.16 2.8 2 4.5

+0.15

MoTe2 bulk Λ(0.2,0.2,0) 0.31 0.27 0.34 1.2 6 21.1 M(0,0,0) 0.8 0.66 0.86 1.2 3 6.6

-2% strain K(1/3,1/3,0), 0.53 0.52 0.23 0.4 2 2.3 Γ(0,0,0), 1.48 1.48 1.23 0.8 1 0.9

+0.31 -0.17

K(1/3,1/3,0), 0.22 0.19 3.72 18.2 2 8.4 K(1/3,1/3,0), 0.69 0.70 0.53 0.8 2 3

+0.80 -0.04

H(1/3,1/3,1/2), 1.16 1.10 1.78 1.6 2 3.7

+0.81

H(1/3,1/3,1/2), 1.16 1.10 1.78 1.6 2 3.7

+0.81

MoTe2 bulk Λ(0.2,0.2,0) 0.34 0.30 0.38 1.2 6 21.1 Γ(0,0,0) 0.85 0.85 1.79 2.1 1 1.3

K(1/3,1/3,0), 0.57 0.56 0.25 0.4 2 2.3 K(1/3,1/3,0), 0.59 0.61 0.57 1 2 3.2

+0.34 -0.21

K(1/3,1/3,0), 0.73 0.57 4.54 7 2 6.1 A(0,0,1/2), 94.00 58.70 0.04 0.001 1 0.1

+0.45 -0.13

K(1/3,1/3,0), 0.21 0.22 9.83 45.7 2 11.4

+0.47

H(1/3,1/3,1/2), 0.54 0.54 0.79 1.5 2 3.6

+0.48
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Figure S9: Power factor PF dependence on chemical potential for monolayers (ML) of WSe2 (a) 1ML, (b) 2ML, (c) 3ML, and
for (d) WSe2 -2% strained bulk, (e) WSe2 bulk, (f) WSe2 +1% strained bulk, estimated within B1-WC at 300 K using the
relaxation time τa = 1 × 10−14 s, and τc = 1 × 10−16 s, respectively. PFxx and PFzz represent the components along a and c
directions, PFzz being scaled by a factor of 10 for a better comparison with PFxx.
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Figure S10: Power factor PF dependence on chemical potential for monolayers (ML) of MoTe2 (a) 1ML, (b) 2ML, (c) 3ML,
and for (d) MoTe2 -2% strained bulk, (e) MoTe2 bulk, (f) MoTe2 +2% strained bulk, estimated within B1-WC at 300 K using
the relaxation time τa = 1× 10−14 s, and τc = 1× 10−16 s, respectively. PFxx and PFzz represent the components along a and
c directions, PFzz being scaled by a factor of 10 for a better comparison with PFxx.
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Figure S11: Power factor PF dependence on chemical potential for monolayers (ML) of SnSe2 (a) 1ML, (b) 2ML, (c) 3ML,
and for (d) SnSe2 -2% strained bulk, (e) SnSe2 bulk, (f) SnSe2 2% strained bulk, estimated within B1-WC at 300 K using the
relaxation time τa = 1 × 10−14 s, and τc = 1 × 10−16 s, respectively. PFxx and PFzz represent the components along a and c
directions, PFzz being scaled by a factor of 10 for a better comparison with PFxx.
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Figure S12: Power factor PF dependence on chemical potential for monolayers (ML) of WSe2 (a) 1ML, (b) 2ML, (c) 3ML,
and for (d) WSe2 -2% strained bulk, (e) WSe2 bulk, (f) WSe2 +1% strained bulk, estimated within B1-WC at 800 K using
1/T temperature dependence of the acoustic and optical relaxation times. PFxx and PFzz represent the components along a
and c directions, PFzz being scaled by a factor of 10 for a better comparison with PFxx.
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Figure S13: Power factor PF dependence on chemical potential for monolayers (ML) of MoTe2 (a) 1ML, (b) 2ML, (c) 3ML,
and for (d) MoTe2 -2% strained bulk, (e) MoTe2 bulk, (f) MoTe2 +2% strained bulk, estimated within B1-WC at 800 K using
1/T temperature dependence of the acoustic and optical relaxation times. PFxx and PFzz represent the components along a
and c directions, PFzz being scaled by a factor of 10 for a better comparison with PFxx.
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Figure S14: Power factor PF dependence on chemical potential for monolayers (ML) of SnSe2 (a) 1ML, (b) 2ML, (c) 3ML,
and for (d) SnSe2 -2% strained bulk, (e) SnSe2 bulk, (f) SnSe2 2% strained bulk, estimated within B1-WC at 800 K using 1/T
temperature dependence of the acoustic and optical relaxation times. PFxx and PFzz represent the components along a and c
directions, PFzz being scaled by a factor of 10 for a better comparison with PFxx.
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Figure S15: Figure of merit ZT dependence on chemical potential µ for monolayers (ML) of WSe2 (a) 1ML, (b) 2ML, (c)
3ML, and for (d) WSe2 -2% strained bulk, (e) WSe2 bulk, (f) WSe2 +1% strained bulk, estimated within B1-WC at 300 K,
600 K, and 800 K. ZTa and ZTc represent the components along a and c directions, ZTc being scaled by a factor of 10 for a
better comparison with ZTa.
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Figure S16: Figure of merit ZT dependence on chemical potential µ for monolayers (ML) of MoTe2 (a) 1ML, (b) 2ML, (c)
3ML, and for (d) MoTe2 -2% strained bulk, (e) MoTe2 bulk, (f) MoTe2 +2% strained bulk, estimated within B1-WC at 300
K, 600 K, and 800 K. ZTa and ZTc represent the components along a and c directions, ZTc being scaled by a factor of 10 for
a better comparison with ZTa.
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Figure S17: Figure of merit ZT dependence on chemical potential µ for monolayers (ML) of SnSe2 (a) 1ML, (b) 2ML, (c)
3ML, and for (d) SnSe2 -2% strained bulk, (e) SnSe2 bulk, (f) SnSe2 +2% strained bulk, estimated within B1-WC at 300 K,
600 K, and 800 K. ZTa and ZTc represent the components along a and c directions, ZTc being scaled by a factor of 10 for a
better comparison with ZTa.

1.5. Explicit doping of TMDs

We have checked if explicit doping of Nb at W site in
WSe2 and Sb at Sn and Se sites in SnSe2 preserves the
nonmagnetic character of WSe2 and SnSe2 doped semi-
conductors. We performed spin polarized calculations for
W1− 1

16
Nb 1

16
Se2 using 4×4×1 supercells, Sn1− 1

32
Sb 1

32
Se2

and SnSe2− 1
32

Sb 1
32

using 4×4×2 supercells allowing for

nonmagnetic, ferromagnetic and antiferromagnetic or-
ders on Nb and Sb doping elements and their nearest
neighbours. From the spin up/down total density of

states (DOS) of doped systems (Fig. S18), it can be seen
the nonmagnetic character of Nb doped WSe2 and Sb
doped SnSe2. Nb doping on W site acts as a p-type
dopant in WSe2 (Fig. S18 a). Sb doping on Sn site acts
as a p-type dopant in SnSe2 since Sb ion is in a 3+ charg-
ing state (Sb3+) comparing with the 4+ charging state
of Sn sublattice (Sn4+), whereas Sb doping on Se site
acts as a n-type dopant since Sb ion is in a 1- charging
state (Sb1−) comparing with the 2- charging state of Se
sublattice (Se2−) being in agreement with experimental
results (Fig. S18 b,c).18
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Figure S18: Spin up and spin down density of states (DOS) of: (a) W1− 1
16

Nb 1
16

Se2, (b) Sn1− 1
32

Sb 1
32

Se2 with Sb ion in +3

charging state, Sb3+ , and (c) SnSe2− 1
32

Sb 1
32

with Sb ion in -1 charging state, Sb1−. Spin up/down DOS of WSe2 and SnSe2

(f.u.) is shown in background brown colour for comparison.
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