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Geometrical structure and stability analysis

Fg. S1 Planar average of the electrostatic potential along the z axis of the (a)-(b) BiSbTeX2 (X = 

S, Se, Te) and (c)-(e) Janus BiSbTeXY (X/Y = S, Se,Te) monolayers, respectively.

Fig. S2 Phonon dispersion curves with ZA, TA and LA accoustical mode of BiSbTeS2 monolayer. 

This monolayer showing unstabilty due to ZA mode with negative frequency (-40.83  ) at K 𝑐𝑚 ‒ 1

point.
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Fig. S3 The AIMD energy and temperature fluctuations at 300 K for (a)-(b) BiSbTeX2 (X = Se, 

Te) monolayers and (c)-(e) Janus BiSbTeXY (X/Y = S, Se,Te) monolayers. The snapshot of the 

structures after 5000 fs AIMD simulations are also shown. 

Electronic structure and mechanical response

Fig. S4 The calculated PDOS using the PBE method of the (a)-(b) BiSbTeX2 (X = Se, Te) and 

(c)-(e) Janus BiSbTeXY (X/Y = S, Se, Te) monolayers.
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Fig. S5 Variation of (a)-(b)  w.r.t strain i.e. Δl/  with their parabolic and linear fitting 

2(𝐸 ‒ 𝐸0)

𝑆0 𝑙0

for elastic modulus.  is the difference in the total energy of stable and strained structures, (𝐸 ‒ 𝐸0)

 is the surface area of the BiSbTeX2 (X = Se, Te) and Janus BiSbTeXY (X/Y = S, Se, Te) 𝑆0

monolayers.  

Fig. S6 (a) The evolution of bandgaps with axial strain, (b)-(c) band plot of the BiSbTeX2 (X = 

Se, Te) and (d)-(f) Janus BiSbTeXY (X/Y = S, Se, Te) monolayers as a function of the applied 

uniaxial strains with the PBE+SOC method along x-direction.
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Fig.S7 Graph and straight fit graph between of E-  and    along X and Y direction, E-  is 𝐸𝑣𝑎𝑐

Δ𝑙
𝑙0 𝐸𝑣𝑎𝑐

the difference in the energy of ith
 band and vacuum energy,   is the strain in the corresponding 

Δ𝑙
𝑙0

direction.

Fig.S8  Convergence test for the electron and hole mobilities of BiSbTeSeS at the different k- and 

q-mesh grids. 
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Table S1: The calculated values of  , ,  and  of 2D BiSbTeX2 and Janus BiSbTeXY  𝑚 ∗ 𝑚𝑑 𝐸𝑑 𝜇2𝐷

monolayers. 
Materials Carrier 𝑚 ∗

𝑋 𝑚 ∗
𝑌

𝑚𝑑 𝐸𝑑 ‒ 𝑋

(eV)

𝐸𝑑 ‒ 𝑌

(eV)

µ2𝐷 ‒ 𝑋

(cm2V-1s-1)

µ2𝐷 ‒ 𝑌

(cm2V-1s-1)

electron 0.25 0.08 0.14 4.91 5.22 870 2380BiSbTeSe2

hole 1.38 0.81 1.05 5.18 3.43 20 70

electron 0.09 0.21 0.13 9.39 6.25 640 620BiSbTeTe2

hole 0.37 0.15 0.23 5.83 3.09 240 2060

electron 0.09 0.16 0.12 4.38 7.07 3580 770BiSbTeSeS

hole 0.43 0.20 0.29 1.86 5.40 1700 430

electron 0.25 0.40 0.31 6.02 5.92 240 160BiSbTeSeTe

hole 0.87 0.15 0.36 2.09 4.01 510 820

electron 0.42 0.09 0.19 5.17 5.49 320 1350BiSbTeSTe

hole 0.43 0.19 0.28 1.99 3.37 1470 1160

Lattice thermal conductivity

Fig. S9 The lattice thermal conductivities convergence at the different q-mesh grids of the (a)-(b) 

BiSbTeX2 (X = Se, Te) and (c)-(e) Janus BiSbTeXY (X/Y = S, Se, Te). monolayers.
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Fig. S10 The calculated group velocity for the BiSbTeX2 (X = Se, Te) and Janus BiSbTeXY (X/Y 

= S, Se, Te). monolayers.

Fig. S11 The calculated Gruneisen parameter for the BiSbTeX2 (X = Se, Te) and Janus BiSbTeXY 

(X/Y = S, Se, Te) monolayers.
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Fig. S12 Phonon life time plots for BiSbTeX2 (X = Se, Te) and for Janus BiSbTeXY (X/Y = S, 

Se, Te) monolayers.

Electronic transport properties

Fig. S13 The lattice thermal conductivities convergence at the different q-mesh grids of the (a)-

(b) BiSbTeX2 (X = Se, Te) and (c)-(e) Janus BiSbTeXY (X/Y = S, Se, Te) monolayers.
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Fig. S14 The calculated (a)-(b) electronic thermal conductivity ( /τ) and (c)-(d) electrical 𝜅𝑒

conductivity (σ/τ) with PBE method for p-type and n-type BiSbTeX2 (X = Se, Te) and Janus 

BiSbTeXY (X/Y = S, Se, Te) monolayers at 300 K and 500 K temperature.
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Fig. S15 The calculated(a)-(b) electronic thermal conductivity ( /τ) and (c)-(d) electrical 𝜅𝑒

conductivity (σ/τ) with PBE+SOC method of BiSbTeX2 (X = Se, Te) and Janus BiSbTeXY (X/Y 

= S, Se, Te) monolayers at 300 K and 500 K temperature.

Fig. S16 The calculated (a) electronic thermal conductivity ( , (b) Seebeck coefficient (S), (c) 𝜅𝑒)

electrical conductivity (σ) and (d) Power factor (  ) of BiSbTeX2 (X=Se,Te) monolayers and 𝑆2𝜎

Janus monolayers BiSbTeXY(X/Y=S,Se,Te) at 500K using PBE+SOC method. 
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Fig. S17 The calculated (a) electronic thermal conductivity, (b) Seebeck coefficient, (c), electrical 

conductivity and (d) Power factor of BiSbTeX2 (X = Se, Te) and Janus BiSbTeXY (X/Y = S, Se, 

Te) monolayers at 300 K using PBE method.

Fig. S18 The calculated (a) electronic thermal conductivity, (b) Seebeck coefficient, (c) electrical 

conductivity and (d) Power factor of BiSbTeX2 (X = Se, Te) and Janus monolayers BiSbTeXY 

(X/Y = S, Se, Te) at 500K using PBE method. 
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Table S2: The calculated: Seebeck coefficient (S) of BiSbTeX2 (X = Se, Te) and Janus monolayers 

BiSbTeXY (X/Y = S, Se, Te) using PBE and PBE+SOC method. 
S (µV/K)

PBE PBE+SOC

Materials Carriers

300 K 500 K 300 K 500 K

p-type 1383.90 821.37 658.24 411.34BiSbTeSe2

n-type 1290.35 774.21 554.98 318.85

p-type 1227.03 745.18 359.34 256.34BiSbTeTe2

n-type 1088.66 612.86 232.28 223.61

p-type 1436.19 825.85 350.38 228.32BiSbTeSeS

n-type 1402.40 877.29 262.16 160.11

p-type 1249.44 749.66 374.28 237.66BiSbTeSeTe

n-type 1111.07 644.23 336.86 203.06

p-type 1398.84 812.41 440.01 282.48BiSbTeSTe

n-type 1312.76 792.13 396.621 225.48

Table S3: The calculated: power factor ( ) of BiSbTeX2 (X = Se, Te) and Janus monolayers 𝑆2𝜎

BiSbTeXY (X/Y=S, Se, Te) with PBE method at 300 K temperature.

 × )𝑆2𝜎 10 ‒ 3𝑊/𝑚𝐾2

PBE PBE+SOC

Materials Carriers

300 K 500 K 300 K 500 K

p-type 1.0 1.02 2.08 2.51BiSbTeSe2

n-type 0.80 0.73 0.47 0.47

p-type 0.85 0.63 1.16 1.37BiSbTeTe2

n-type 0.11 0.11 0.24 0.21

p-type 0.80 0.66 0.47 0.91BiSbTeSeS

n-type 0.75 0.75 0.18 0.45

p-type 0.87 0.66 0.63 0.40BiSbTeSeTe

n-type 0.45 0.76 0.26 0.20

p-type 0.73 0.73 0.47 0.66BiSbTeSTe

n-type 0.40 0.40 0.18 0.25
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Fig. S19 The calculated band structure of (a) BiSbTeSe2 (b) BiSbTeTe2 and Janus (c) BiSbTeSeS, 

(d) BiSbTeSeTe, (e) BiSbTeSTe monolayers with PBE method (red color band) and PBE+SOC 

level (blue color band).

Table S4: Illustrations of 𝑍𝑇 with PBE and PBE+SOC methods of BiSbTeX2 (X=Se,Te) and 
Janus BiSbTeXY (X/Y = S, Se, Te) monolayers at 300 K temperature.

(ZT)

PBE PBE+SOC

Materials

300 K 500 K 300 K 500 K
BiSbTeSe2 0.72(p)-0.58(n) 1.31(p)-0.67(n) 1.37(p)-0.42(n) 1.99(p)-0.79(n)

BiSbTeTe2 0.49(p)-0.09(n) 0.86(p)-0.22(n) 0.68(p)-0.14(n) 1.08(p)-0.31(n)

BiSbTeSeS 0.63(p)-0.39(n) 1.17(p)-1.08(n) 0.70(p)-0.40(n) 1.13(p)-0.67(n)

BiSbTeSeTe 0.52(p)-0.18(n) 0.85(p)-0.41(n) 0.35(p)-0.18(n) 0.88(p)-0.49(n)

BiSbTeSTe 0.59(p)-0.33(n) 0.86(p)-0.47(n) 0.55(p)-0.24(n) 1.01(p)-0.48(n)

Table S5: ZT of various 2D monolayers are listed here.
Materials Figure of Merit

(ZT)
Temperature 

(K)
References

Bi2TeSe2 0.87-3.45 300-900 1

Bi2Te2S
Bi2Te2Se
Bi2Te3

⁓ 0.6-0.8
⁓ 0.6-0.8
⁓ 0.6-0.8

 
300 -700 2
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Bi2Te2Se 1.4- 2.0 (p) 300-500 3

Bi2SSe2
Bi2S2Se

0.50-0.28(p)
1.39- 0.93(p)

300-700
 

4

Bi2Te3
BiPTe3

BiSbTe3
BiAsTe3

0.61
1.01
1.08
1.10

300
 

5

Sb2Te2Se
Sb2Te2Se

1.28-2.28-2.98(p)
1.86-2.99-3.75(n)

300-500-700 6

WS2
Janus WSSe
Janus WSTe

0.006
0.013
0.742

300 7

WSe2 0.138 300 8

Table S6: The calculated efficiency ( ) with PBE and PBE+SOC methods of BiSbTeX2 𝜂𝑚𝑎𝑥

(X=Se,Te) and Janus BiSbTeXY (X/Y = S, Se, Te) monolayers . Also these monolayers is compare 
with other monolayers.

 (%)𝜂𝑚𝑎𝑥Materials

PBE PBE+SOC

References

BiSbTeSe2 34(p)-33(n) 35(p)-32(n)

BiSbTeTe2 33(p)-26(n) 34(p)-30(n)

BiSbTeSeS 33(p)-32(n) 34(p)-32(n)

BiSbTeSeTe 33(p)-29(n) 30(p)-29(n)

BiSbTeSTe 34(p)-31(n) 33(p)-30(n)

This work

X2YH2 (X=Si, 
Ge; Y=P, As, 

Sb, Bi) 

18(p)-10(n)  
9
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