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METHODS  

Computational details: We carried out the electronic structure calculations of SnTe and Bi-In 

co-doped SnTe using Quantum ESPRESSO package.1 Ultra-soft relativistic pseudopotentials 

incorporating spin orbit coupling, which considers 4d105s25p2, 4d105s25p4, 5d106s26p3 and 

4d105s25p1 as valence electrons of Sn, Te, Bi and In were used. A parametrized functional of 

Perdew, Burke, and Erzenhoff was used to approximate the exchange-correlation energy 

functional with generalized gradient approximation.2 We used 2×2×1, 32 atom relaxed supercell 

of primitive rock salt SnTe structure (Fm3m space group symmetry) to carry out the simulations 

of pristine and doped configurations. We used a fine grid of 12×12×24 k-mesh to sample 

integrations over the Brillouin zone of the supercell and X- M - Γ - Z - R high symmetry path for 

the electronic structure determination. An energy cutoff of 50 Ry and charge density cutoff of 

400 Ry was used to truncate the wavefunctions represented by plane wave basis.  

Experimental details: High purity (99.995+ %) Sn, Te, Bi and In procured from Alfa Aesar 

were used for synthesis without further purification. High quality crystalline ingots of Sn1-

3xBi2xInxTe (x=0.0, 0.01, 0.02, 0.03) were synthesized by mixing Sn, Te, Bi and In in appropriate 

ratios in carbon coated quartz tube. The tubes were flame sealed under vacuum (10-5 Torr) and 

heated slowly to 800 °C for 10 hours and then 900 °C for 10 hours and then slowly cooled down 

to room temperature. The product was finely ground using mortar and pestle and densified by hot 

pressing the pellet obtained using a graphite dye in vacuum.  

We carried out powder X-ray diffraction studies using JEOL X-ray diffractometer using 

Cu Kα (λ =1.54178 Å) radiation. Transmission electron microscope (TEM) images were obtained 

using Philips CM200 TEM operating with an accelerating voltage of 20-200kV with a resolution 

of 2.4 Å. We determined electrical conductivity (σ) and Seebeck coefficient (S) in the 
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temperature range of 300 K - 840 K under helium atmosphere using ZEM -3M8 instrument. The 

samples were cut in parallelepiped shape (~2 × 2 × 8 mm3) for the conductivity measurements, 

which were done in the longer direction. We determined the carrier concentrations using Hall 

coefficient measurements (PPMS system) at 300 K. The carrier concentration, n, was determined 

using equation n= 1/eRH, where e is the electronic charge, RH is Hall co-efficient. To determine 

thermal conductivity, thermal diffusivity was multiplied by temperature dependent heat capacity 

(derived using standard sample pyroceram) and the density of the sample. The samples were cut 

in coin shape (~8 mm diameter and ~2 mm thickness) for thermal diffusivity measurement using 

laser flash diffusivity method in the temperature range from 300 K - 840 K. The density of the 

pellets obtained was in the range ~97 % of the theoretical density. The electronic thermal 

conductivity was determined by using Wiedemann-Franz law Kel = LσT, where L is the Lorenz 

number obtained by fitting Seebeck data into reduced chemical potential. 
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Figure S1. Partial density of states (pdos) of Sn16Te16, Sn15InTe16, Sn15BiTe16, Sn14BiInTe16 

showing contribution of Te ‘p’ orbitals and Sn ‘p’ orbitals. 
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Figure S2. Total DOS and pdos of Sn16Te16, Sn15BiTe16, Sn15InTe16 showing contribution of Bi 

‘p’ orbitals and In ‘s’ orbitals in Bi and In doped SnTe, respectively. The highest contributions 

from In and Bi orbitals are seen around ~ 0 eV and ~ - 5.5 eV wherein In ‘s’ orbitals hybridize 

with Te ‘p’ orbitals and around ~ 0 eV and ~ - 4.5 eV wherein Bi ‘p’ orbitals hybridize with Te 

‘p’ orbitals and Sn ‘p’ orbitals. 
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Figure S3. Total DOS and pdos of Bi-In co-doped SnTe showing contribution of Bi ‘p’ orbitals 

and In ‘s’ orbitals. 
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Figure S4. Low magnification TEM image of Sn1-3xBi2xInxTe sample where x = 0.03. The scale 

bar represents 20 nm. The dark spots represent the Bi nano-precipitates. 
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Table S1. Elemental percentage composition of Bi-In co-doped SnTe samples using EDS 

analysis at various area marked in TEM images of Figure 3. 

Element 

Percentage composition (%) 

Spot 1 Spot 2 Spot 3 

Sn 47.09 45.89 44.34 

Te 49.96 50.11 50.43 

Bi 1.97 2.49 3.77 

In 0.98 1.51 1.46 
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Figure S5. Room temperature Seebeck values as a function of carrier concentration Np. The 

Pisarenko line is derived using two valence band model with light hole valence band having an 

effective mass of 0.168 me and heavy hole valence band having an effective mass of 1.92 me 

with the energy gap of 0.35 eV between the two sub-bands.3 For comparison with previous 

reports the Seebeck values of optimized concentration of In and Bi singly doped SnTe has been 

marked with respect to their carrier concentration.3,4 
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Figure S6. Seebeck values of a) Sn15BiTe16, b) Sn15InTe16, c) Sn14BiInTe16 as a function of 

chemical potential (μ) at various temperatures. The Fermi level is set at zero. 
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Figure S7. Variation of the power factor with the temperature for Sn1-3xBi2xInxTe samples. 
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Figure S8. Variation of the lattice thermal conductivity with the temperature for Sn1-3xBi2xInxTe 

samples. 
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Figure S9. Comparison of ZT values pristine and doped SnTe samples at their optimized 

concentration where x = 0.02, y and z = 0.03. 
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