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EXPERIMENTAL SECTION

Synthesis. Highly pure Sn shot (99.999%), Te broken ingot (99.99%), Cu powder (99.9%) and
Sb shot (99.9999%) metals basis from Alfa Aesar were weighed according to the stoichiometric
ratio Sng gg.yCug.12SbyTe (y=0-0.15) and loaded in quartz ampoules. The ampoules were necked
over a gas flame, vacuumed to 1073 torr, purged with Ar gas, and sealed. Melting was then done
in a rocking furnace at 950 °C for 12 h followed by homogenization in a box furnace for 48 h
at 600 °C. The ingots were then hand ground to <45 um and densified in a DC hot press at 500
°C for 1 h with an axial load of 80 MPa. The resulting cylindrical billets were then cut
accordingly for various characterization processes.

Material characterization. X-ray diffraction was done using a Rigaku D/Max-2500 X-ray
diffractometer for 26 = 20 — 80° in steps of 0.02°. A Cu Ka (A=1.5406 A) radiation was used.
Microstructure analysis was done by both Hitachi SU8220 Field Emission Scanning Electron
Microscope (FE-SEM) and Titan G2 ChemiSTEM Cs probe Field Emission Transmission
Electron Microscope (FE-TEM) operating at 200 kV, both with an Energy Dispersive X-ray
Spectroscopy (EDS) detector. Thermogravimetric Analysis and Differential Scanning
Calorimetry (TGA-DSC) measurements were done using a TA Instruments (Discovery SDT
650) Auto TGA-DSC for the temperature range room temperature — 600 °C in a N, atmosphere.
Electronic properties Seebeck coefficient (S) and electrical conductivity (o) were
simultaneously measured in a He atmosphere using a BluSys 1 (BS1) machine. Room
temperature Hall measurements were done using the Van der Pauw method in an Ecopia four-
point probe Hall Effect Measurement System. Thermal diffusivity (D) (Fig. S6) was measured
using the Laser Flash Analysis method in an ULVAC TC-9000H instrument. Density (p) of all
samples was done using the Archimedes’ method. The specific heat capacity (C,) was
calculated using the Dulong-Petit law. Then, the total thermal conductivity was determined

through k = DC,p. The electron contribution to heat transfer was calculated as, k., = LoT,
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where L is the Lorenz number (Fig. S7) calculated as L = 1.5 + exp[ — |S|/116] in 108 WQK-
2, The phonon contribution was thus determined as, k;,; = k — k.. Microhardness of all samples
was done using an emcoTEST Durascan 10 Vickers hardness tester.

Computation details. We used Quantum ESPRESSO package to study the electronic structure
of pristine, doped, and co-doped SnTe.! Density functional theory (DFT) calculations, based
on first principles were carried out using fully relativistic ultrasoft pseudopotentials of Perdew,
Burke and Erzenhoff (PBE) functional type.? Spin orbit coupling interaction was considered
during the simulations. A generalized gradient approximation was used in the determination of
total energies. A (V2xV2x2) a, supercell with 32 atoms was used for the DFT calculations. The
wavefunctions represented by plane wave basis were terminated with an energy cutoff of 50
Ry and charge density cutoff of 400 Ry. Self-consistent field calculations were performed with
14x14%x10 k mesh. Electronic structure was determined along X-M-I'-Z-R-A path in the

Brillouin zone.

S3



Supporting figures
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Fig. S1: FE-SEM BSE images for the (a) SnTe, (b) Sng gsCug 1,Te, (¢) Sngg4Cug.12Sbg4Te, (d)

Sng 30Cuy.12Sbg 0sTe, (€) Sng 75Cuq.12Sbg.10Te, and (f) Sng 73Cug.1,Sbg.15Te compositions.

Table S1. EDS point mapping for the FESEM BSE images in Fig. S1

e . Atomic %
Composition Point Sn Cu Sh Te
SnTe 1 52.24 0.00 0.00 47.76
St o Cun o Te 2 50.13 2.54 0.00 47.05

0.88-10.12 3 15.20 37.94 0.00 46.86
4 4735 2.66 2.48 47.51
Sn0.84Cuo,128b0.O4Te 5 17.12 38.00 0.18 44.69
6 1.20 59.22 0.27 39.31

7 44.71 1.92 4.94 48 .44
Sno.50Cu.12Sbo.0sTe g 0.22 64.25 0.00 35.53
9 43.57 1.86 5.75 48.82
S10.78Cu0.128bo.10Te 10 0.30 65.17 0.03 34.50
11 40.47 3.54 7.97 48.02

Sno.73Cu0.128bo1sTe 75 0.46 66.29 0.06 33.19
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Fig. S3. DSC profiles for the Sn gs.,Cuy 1,SbyTe compositions.

Table S2. Summary of the peak melting temperature, T, for the Sngss.,Cug2SbyTe

compositions
o Various peak melting temperatures (°C)
Composition T, T, T, T,
SnTe
Sng ggCuq 1, Te 410.51 486.33
Sng 84Cug.12Sbo.0aTe 386.77 487.80
Sng 8Cuyg.15SbgesTe 387.93 482.01
Sn().gocuO.lzsb()_()gTe 341.73 388.51 522.68
Sng 78Cu,12Sbo.10Te 343.62 521.62
Sng.76Cug.1,Sbg.1,Te 346.38 519.94
Sng 73Cuy.15Sbg.15Te 348.87 509.52

S6



(b)

g
o

vy "— Il’"\.\’.dr-”w
‘t/ Vo V, eI

\a\\‘/”

ST= g~ T chgmes pe wea| | gfFc

Energy (eV)
o
Energy (eV)
f=)

o
o
1
o
o

Fig. S4. Comparison of the electronic structure between SnTe and (a) Cu and (b) Cu-Sb co-

doped SnTe, respectively.
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Fig. S5. FE-TEM bright field (BF) images for (a)Sng gsCuyg 1,Te and (b-e) EDS mapping for a
sample second phase within the matrix and (f) Sng 75Cuy 12Sbg 10Te and (g) corresponding line

scan along the white arrow.
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Fig. S6. Temperature dependent diffusivity for the Sng gg.yCuy 1,Sb,Te compositions.
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Fig. S7. Temperature dependent Lorenz number for the Sny 33.,Cuy 12Sb,Te compositions.
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Fig. S8. Comparison of various hardness (Hv) values for various SnTe doped samples including
Ge,» PbTe@C,* SiC,> MnBiSb,° Sb (melt spinning),’” ZnSb,® BiSb,? Sb'? and hot deformed (HD)

SnTe!! with this work’s CuSb co-doped sample.
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