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Table S1. Densities of all the samples investigated in this study.

Compositions Density (d, g/cm®) | Relative density” (%)
x=0.3% 8.00 98.0
x=0.5% 8.01 98.1
: x=0.7% 7.94 97.3
Pb,xBixTe =1.0% e s
x=1.25% 7.94 97.3
x=1.5% 8.02 08.2
x=0.3% 8.01 08.1
x=0.5% 7.97 97.6
x=0.7% 7.91 96.9
Pb1.xShyTe =1.0% o iy
x=1.25% 7.90 96.8
x=1.5% 7.92 97.0
y=0.04 7.89 959
Pbo.gg75Sh0 0125 Te1.ySy y=0.08 .87 96.8
o y=0.12 7.85 96.8
y=0.16 7.83 96.7

*The theoretical densities d(t) of the Pby«BixTe, Pb1.xSbyTe, and Pbg gg75Sbo.0125 T€1-ySy
samples were calculated using the law of mixtures in light of the volume fraction of
each component.

S2



(a) (b) 350

300 ;Pisarenko plot, T=300 K
2250 . -=== p-type PbTe

N n-type PbTe

S 200

=
E,~0.29 eV 190
' @ 100
ve M\ 2E~0.15-020eV =g,

Figure S1. (a) A schematic diagram of the band structure of PbTe.*? Both the
conduction band (CB) minima and valence band (VB) maxima of PbTe occur at the L
points of the Brillouin zone, separated by a direct band gap of ~0.29 eV at room
temperature. Aside from the primary valence band at L band, there is a second
lower-lying valence band with larger effective mass at X point. The energy separation
of the two valence bands (AEy) is ~0.15-0.20 eV at 300 K. (b) The comparison of
theoretical Pisarenko plots of n- and p-type PbTe at room temperature.**! P-type
PbTe has higher absolute Seebeck coefficient than the n-type one, especially at high
doping levels (n>2x10" cm™®) where the heavy valence band at = point is activated.
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Figure S2. Powder X-ray diffraction patterns of (a) PbixBixTe and (b) Pb;.xSbyxTe with
selected compositions.
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Figure S3. Synchotron powder XRD patterns for (a) Pb;xBixTe and (b) Pb;.xShyTe.
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Figure S4. Temperature dependent power factors for (a) Pb;.xBixTe and (b) Pb;xShyTe,

respectively.
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Figure S5. (a) Powder X-ray diffraction patterns for Pbgggz5SbooizsTe14Sy. (D)
Impurity phase of PbS is observable in the y=0.12 and y=0.16 samples. (c) Infrared
absorption spectra for low carrier concentration PbTe;.,Sy samples. (d) Optical band
gaps as a function of S alloying fraction y in PbTe, which depart from the Vegard’s
law (solid line) when y>0.04.
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Figure S6. Comparison of thermoelectric properties for Pbggg7sSho.0125T€0.8850.12
during the first measurement (1st), second measurement with multiple heating-cooling
cycles (2nd) and after vacuum annealing at 773 K for 48 hours (3st): (a) Electrical
conductivity; (b) Seebeck coefficient and (c) thermal diffusivity.
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Figure S7. Temperature dependent heat capacities (C,) for (a) Pbi.xMyTe (M=Bi, Sb)
and (b) Pbo.98758b0.0125T61_ySy.
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Figure S8. Temperature dependent thermal diffusivities (a, ¢, e) and Lorenz numbers
(b, d, f) for Pb1.xBixTe, Pb;.xShyTe and Pbo gg7sSbo.0125T€1.4Sy, respectively.
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