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Figure S1. Flow diagram representation of the data set of 48,770 compounds in this study. HHI-p
column represents the Herfindahl—Hirschman Index of the elemental production data for the
compounds. The other columns have the same meaning as in Figure 1.
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Figure S2: Distribution of valley degeneracies of non-oxides and oxides.
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Figure S3: Comparison of computed and experimental (a) Seebeck coefficients and (b) power
factors for diverse thermoelectric materials (filled symbols) and the extrinsic doped compounds
(hollow symbols). The band gap energies were scissored to the experimental band gap energy if
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the difference was larger than 50%. The red circles indicate that the sign of the Seebeck
coefficient was incorrect (see Table S2). The red lines indicate equality of computation and

experiment.
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Figure S4: The ratio of the calculated and experimental mobilities as a function of the calculated
band gap energies for (a) the un-scissored computed data and (b) the scissored data. The hollow
symbols denote extrinsically doped compounds. At low calculated band gaps, the mobility is
vastly overestimated for most of the compounds. With increasing band gap energy, the computed
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mobilities agree more closely with experimental data.
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Table S1: Calculated and experimental Seebeck coefficients (the temperature and Hall carrier
concentrations at which the experimental Seebeck coefficients attained the maximum values
were used) for different thermoelectric materials with DFT band gap energies. The plus sign in

the Hall carrier concentration indicates p-type behavior and the minus sign indicates n-type

behavior.
Space Exp. Hall Calc.
Group Carrier Band Gap Exp. Calculated
Material No. Temperature Conc. Energy Seebeck Seebeck Ref.
K cm3 eV pV K-! pV K-!

SnSe 63 923 +1.39E+19 0.29 388 295 !
SnSe 62 523 +3.16E+17 0.56 586 564 !
SnS 63 623 +1.79E+17 0.42 637 117 2
SnS.995Ag0.05 63 627 +1.69E+18 0.42 525 196 2
SnTe 225 817 +1.00E+21 0.04 103 106 3
Sny g3Te 225 817 +3.49E+20 0.04 135 160 3
Cu,Te 187 900 +2.00E+20 0.00 79.3 -15.5 4
Cu,Se 216 900 +2.00E+21 0.00 258 140 4
Ag,Se 17 310 -8.11E+18 0.00 -115 32.2 5
Bi,S; 62 480 -3.00E+17 1.38 -1470 -593 6
Bi,Se; 166 420 -2.20E+19 0.44 -70.0 -110 7
Bi,Te; 166 420 +7.78E+19 0.33 116 151 8
Sr;GaSb; 14 775 +8.05E+18 0.34 363 167 9
Sr;Gayg 93210 ,07Sb; 14 980 +1.12E+20 0.34 229 202 9
ZrNiSn 216 600 -1.42E+20 0.50 -238 -227 10
Sr;AlSb; 64 825 +3.00E+19 0.54 462 363 1
Ca;AlSb, 62 690 +2.06E+18 0.29 414 71.1 12
Ca, 94Nag osAlSbs 62 1000 +7.17E+19 0.29 264 188 12
SrZnSb, 62 600 +1.76E+21 0.00 55.6 32.8 13
PbS0.0987Clo.0013 225 865 -2.45E+19 0.58 -232 -282 14
PbS0.992Cl 008 225 865 -1.06E+20 0.58 -134 -178 14
Nay 0025Pbog.9975S¢€ 225 750 +7.00E+18 0.43 245 365 15
Nag 097Pbg.993S€ 225 824 +6.35E+19 0.43 200 258 15
BaGa,Sb, 62 360 +3.26E+18 0.04 431 56.1 16
BaGay 957 ¢5Sb, 62 590 +7.73E+19 0.04 243 97.1 16
CasGa,Sbg 55 425 +4.31E+18 0.00 429 -38.6 17
CasGa 9sZng ¢5Sbg 55 640 +1.72E+20 0.00 180 31.2 17
Mg,Sn 225 400 -2.00E+19 0.00 -71.5 22.4 18
SrsIn,Sby 55 475 +5.98E+17 0.06 386 -70.9 19
SrsIn; ¢ZngySbg 55 700 +1.19E+20 0.06 284 80.9 19
SrZn,Sb, 164 600 +1.63E+19 0.00 214 40.6 20



Table S2: Calculated and experimental Seebeck coefficients (the temperature and carrier
concentrations at which the experimental Seebeck coefficients attained the maximum values

were used) for different thermoelectric materials with scissored band gap energies (underlined).

The plus sign in the Hall carrier concentration indicates p-type behavior and the minus sign

indicates n-type behavior.

Space Exp. Hall Calc.
Group Carrier Band Gap Exp. Calculated
Material No. Temperature Conc. Energy Seebeck Seebeck Ref.
K cm eV uVv K-! uV K-

SnSe 63 923 +1.39E+19 0.29 388 295 !
SnSe 62 523 +3.16E+17 0.56 586 564 !
SnS 63 623 +1.79E+17 1.21 637 658 2
SnS.995AL0.05 63 627 +1.69E+18 1.18 525 466 2
SnTe 225 817 +1.00E+21 0.18 103 107 3
Sn, g3Te 225 817 +3.49E+20 0.18 135 161 3
Cu,Te 187 900 +2.00E+20 0.00 79.3 -15.5 4
Cu,Se 216 900 +2.00E+21 0.00 258 140 4
Ag,Se 17 310 -8.11E+18 0.00 -115 32.2 3
Bi,S; 62 480 -3.00E+17 1.38 -1470 -593 6
Bi,Ses 166 420 -2.20E+19 0.44 -70.0 -110 7
Bi,Te; 166 420 +7.78E+19 0.33 116 151 8
Sr;GaSb; 14 775 +8.05E+18 0.34 363 167 9
Sr3Gag 9371 ¢7Sbs 14 980 +1.12E+20 0.34 229 202 9
ZrNiSn 216 600 -1.42E+20 0.50 -238 -227 10
Sr;AlSb; 64 825 +3.00E+19 0.54 462 363 1
Ca;AlSbs 62 690 +2.06E+18 0.60 414 444 12
Ca, 94Nag 06 AlSbs 62 1000 +7.17E+19 0.60 264 243 12
SrZnSb, 62 600 +1.76E+21 0.00 55.6 32.8 13
PbS(.9957C5.0013 225 865 -2.45E+19 0.58 -232 -282 14
PbS;.992Clo 008 225 865 -1.06E+20 0.58 -134 -178 14
Nay 0025Pbog.9975S¢€ 225 750 +7.00E+18 0.43 245 365 15
Nag 097Pbg.993S€ 225 824 +6.35E+19 0.43 200 258 15
BaGa,Sb, 62 360 +3.26E+18 0.39 431 417 16
BaGay 95Zny sSb, 62 590 +7.73E+19 0.39 243 188 16
CasGa,Sbg 55 425 +4.31E+18 0.40 429 418 17
CasGa, 95Z10,055bg 55 640 +1.72E+20 0.25 180 147 17
Mg,Sn 225 400 -2.00E+19 0.33 -71.5 213 18
SrsIn,Sby 55 475 +5.98E+17 0.40 386 147 19
SrsIn, 9Zny ;Sbg 55 700 +1.19E+20 0.40 284 187 19
SrZn,Sb, 164 600 +1.63E+19 0.27 214 298 20



Table S3: Calculated and experimental power factors (the temperature and carrier concentrations

at which the experimental power factors attained the maximum values were used) for different

thermoelectric materials with DFT band gap energies. The plus sign in the Hall carrier
concentration indicates p-type behavior and the minus sign indicates n-type behavior.

Space Exp. Hall Calc. Calculated
Group Carrier  Band Gap Exp. Power Power
Material No. Temperature Conc. Energy Factor Factor Ref.
K cm eV mWm'K? mWm!K?

SnSe 63 823 +1.18E+19 0.29 1.00 2.95 1
SnSe 62 773 +7.21E+18 0.56 0.64 2.14 1
SnS 63 823 +9.34E+18 0.42 0.08 1.52 2
SnSo.995A80.05 63 823 +2.40E+18 0.42 0.21 1.00 2
SnTe 225 817 +1.00E+21 0.04 2.24 15.64 3
Sny g3Te 225 768 +3.10E+20 0.04 2.40 13.14 3
Cu,Te 187 900 +2.00E+20 0.00 1.01 1.14 4
Cu,Se 216 900 +2.00E+21 0.00 1.05 20.34 4
Ag,Se 17 330 -8.77E+18 0.00 2.73 0.68 5
Bi,S; 62 450 -3.00E+17 1.38 4.22 0.08 6
Bi,Ses 166 420 -2.20E+19 0.44 0.89 0.51 7
Bi,Tes 166 350 +6.92E+19 0.33 1.66 1.31 8
Sr;GaSb; 14 600 +5.50E+18 0.34 0.32 0.28 9
Sr3Gay 93Z10,975bs 14 980 +1.12E+20 0.34 0.75 1.46 9
ZrNiSn 216 870 -2.66E+20 0.50 3.80 5.54 10
Sr;AlSb; 64 840 +3.50E+19 0.54 0.11 1.10 1
Ca;AlSbs 62 1034 +1.66E+19 0.29 0.07 0.36 12
Ca, 94Naj osAlSb; 62 1020 +7.76E+19 0.29 0.55 1.06 12
SrZnSb, 62 600 +1.76E+21 0.00 0.34 2.06 13
PbS.9987Clo 0013 225 500 -2.36E+19 0.58 0.46 1.33 14
PbS;.992Clo 008 225 865 -1.06E+20 0.58 1.06 3.58 14
Nayg 0025Pbo.g9755€ 225 500 +8.63E+18 0.43 1.29 0.96 15
Nayg 097Pbo.g935€ 225 824 +6.35E+19 0.43 1.54 4.56 15
BaGa,Sb, 62 820 +1.58E+20 0.04 0.02 0.65 16
BaGay 95Zn ¢5Sb, 62 590 +7.73E+19 0.04 0.20 0.53 16
Ca;sGa,Sby 55 425 +4.31E+18 0.00 0.11 0.16 17
CasGay 95Zng o5Sbg 55 640 +1.72E+20 0.00 0.52 0.70 17
Mg,Sn 225 400 -2.00E+19 0.00 0.04 0.14 18
SrsIn,Sby 55 600 +1.75E+18 0.06 0.01 0.37 19
SrsIn; ¢Zng 1 Sbg 55 700 +1.19E+20 0.06 0.41 1.18 19
SrZn,Sb, 164 600 +1.63E+19 0.00 0.70 0.57 20



Table S4: Calculated and experimental power factors (the temperature and carrier concentrations

at which the experimental power factors attained the maximum values were used) for different

thermoelectric materials with scissored band gap energies (underlined). The plus sign in the Hall
carrier concentration indicates p-type behavior and the minus sign indicates n-type behavior.

Space Exp. Hall Calc. Calculated
Group Carrier  Band Gap Exp. Power Power
Material No. Temperature Conc. Energy Factor Factor Ref.
K cm3 eV mWm!K?2 mWm!K?

SnSe 63 823 +1.18E+19 0.29 1.00 2.95 1
SnSe 62 773 +7.21E+18 0.56 0.64 2.14 1
SnS 63 823 +9.34E+18 1.21 0.08 1.65 2
SnSg 995sA 80,05 63 823 +2.40E+18 1.18 0.21 0.73 2
SnTe 225 817 +1.00E+21 0.18 2.24 15.9 3
Sn; p3Te 225 768 +3.10E+20 0.18 2.40 13.3 3
Cu,Te 187 900 +2.00E+20 0.00 1.01 1.14 4
Cu,Se 216 900 +2.00E+21 0.00 1.05 20.34 4
Ag,Se 17 330 -8.77E+18 0.00 2.73 0.68 5
Bi,S; 62 450 -3.00E+17 1.38 4.22 0.08 6
Bi,Ses 166 420 -2.20E+19 0.44 0.89 0.51 7
Bi,Tes 166 350 +6.92E+19 0.33 1.66 1.31 8
Sr;GaSbs 14 600 +5.50E+18 0.34 0.32 0.28 9
Sr3;Gag 93Zng ¢7Sbs 14 980 +1.12E+20 0.34 0.75 1.46 9
ZrNiSn 216 870 -2.66E+20 0.50 3.80 5.54 10
Sr3AlSbs 64 840 +3.50E+19 0.54 0.11 1.10 1
Ca;AlSb; 62 1034 +1.66E+19 0.60 0.07 0.65 12
Cay 94Nag gsAlSb; 62 1020 +7.76E+19 0.60 0.55 1.69 12
SrZnSb, 62 600 +1.76E+21 0.00 0.34 2.06 13
PbS.9987Clg 0013 225 500 -2.36E+19 0.58 0.46 1.33 14
PbS0.992Clo 008 225 865 -1.06E+20 0.58 1.06 3.58 14
Nag 0025Pbo.99755¢€ 225 500 +8.63E+18 0.43 1.29 0.96 15
Nayg g07Pbg 993S€ 225 824 +6.35E+19 0.43 1.54 4.56 15
BaGa,Sb, 62 820 +1.58E+20 0.39 0.02 1.99 16
BaGay 95Z1n0,0sSb, 62 590 +7.73E+19 0.39 0.20 1.61 16
CasGa,Sbg 55 425 +4.31E+18 0.40 0.11 0.54 17
CasGa, 95Z1,055bg 55 640 +1.72E+20 0.25 0.52 211 17
Mg,Sn 225 400 -2.00E+19 0.33 0.04 1.13 18
SrsIn,Sby 55 600 +1.75E+18  0.40 0.01 0.14 19
SrsIn, ¢Zny 1 Sbe 55 700 +1.19E+20 0.40 0.41 1.94 19
SrZn,Sb, 164 600 +1.63E+19 0.27 0.70 1.11 20



Table S5: Calculated and experimental mobilities for different thermoelectric materials with

DFT band gap energies. p-type indicates that it is the hole mobility and n-type indicates that it is
the electron mobility.

Space Type Band Gap Mobility Mobility Ratio Mobilities
Material Group No. Calc. Exp. Calc. (Calc./Exp.) Ref.
eV cm?Vist cm?Vist
SnSe 63 p 0.29 45 165 3.68 1
SnSe 62 p 0.56 29 121 4.14 1
SnS 63 p 0.42 2.11 278 56.2 2
SNSp.995A80.05 63 p 0.42 33 1854 2.45 2
SnTe 225 p 0.04 13 88 6.77 3
SnyesTe 225 p 0.04 31 106 3.42 3
Cu,Te 187 p 0.00 50 1486 29.7 4
Cu,Se 216 p 0.00 0.49 32 66.5 4
Ag,Se 17 n 0.00 1564 4853 3.10 5
Bi,S; 62 n 1.38 454 49 0.11 6
Bi,Se; 166 n 0.44 516 123 0.24 7
Bi,Tes 166 p 0.33 125 66 0.53 8
Sr;GaSh; 14 p 0.34 28 36 1.28 9
Sr3Gag.93Zng g7Sbs 14 p 0.34 7.97 20 2.51 °
ZrNiSn 216 n 0.50 18 27 1.50 10
Sr3AlSb; 64 p 0.54 1.02 16 15.5 u
CasAlSb, 62 p 0.29 4.37 240 54.9 12
Ca,.94Nag,0sAISbs 62 p 0.29 6.52 24 3.68 12
SrZnSb, 62 p 0.00 3.94 68 17.3 13
PbS.5987Clo.0013 225 n 0.58 170 78 0.46 14
PbS0.992Clo.00s 225 n 0.58 35 68 1.95 14
Nag 0025Pbo.09755b 225 p 0.43 295 92 0.31 15
Nag.007Pbg.993Sb 225 p 0.43 38 67 1.79 =
BaGa,Sh, 62 p 0.04 0.31 35 112 16
BaGag 95Zng 05Sb, 62 p 0.04 2.78 44 15.8 16
CasGa,Shg 55 p 0.00 8.88 1605 182 17
CasGay 95ZNg g5Shg 55 p 0.00 5.82 260 6.12 17
Mg,Sn 225 n 0.00 26 853 44.7 18
SrsIn,Shg 55 p 0.06 2.34 3234 1381 1
Srsing sZNng 1Sbe 55 p 0.06 2.63 94 35.7 19
SrZn,Sh, 164 p 0.00 59 1339 22.7 20



Table S6: Calculated and experimental mobilities for different thermoelectric materials with

scissored band gap energies (underlined). p-type indicates that it is the hole mobility and n-type
indicates that it is the electron mobility.

Space Type Band Gap  Mobility Mobility Ratio Mobilities
Material Group No. Calc. Exp. Calc. (Calc./Exp.) Ref.
eV cm? Vist cm? Vist
SnSe 63 p 0.29 45 165 3.68 1
SnSe 62 p 0.56 29 121 4.14 1
SnS 63 V4 1.21 2.11 80 37.7 2
SNS.995AL0.05 63 p 1.18 33 80 2.45 2
SnTe 225 p 0.18 13 86 6.61 3
SnyesTe 225 p 0.18 31 105 3.33 3
Cu,Te 187 p 0.00 50 1486 29.7 4
Cu,Se 216 p 0.00 0.49 32 66.5 4
Ag,Se 17 n 0.00 1564 4853 3.10 5
Bi>Ss 62 n 1.38 454 49 0.11 6
Bi,Se; 166 n 0.44 516 123 0.24 7
Bi,Tes 166 p 0.33 125 66 0.53 8
Sr;GaSh; 14 p 0.34 28 36 1.28 9
Sr3Gag.03Zng g7Sbs 14 p 0.34 7.97 20 2.51 °
ZrNiSn 216 n 0.50 18 27 1.50 10
Sr3AlSb; 64 p 0.54 1.02 16 15.5 n
CazAlSbs 62 p 0.60 4.37 26 5.89 2
Cay.94Nag 0cAISh, 62 p 0.60 6.52 24 3.64 12
SrZnSb, 62 p 0.00 3.94 68 17.3 3
PbSg.9087Clo.0013 225 n 0.58 170 78 0.46 14
PbSg.99,Clo.00s 225 n 0.58 35 68 1.95 14
Nag 0025Pbo.09755b 225 p 0.43 295 92 0.31 5
Nag.007Pbo.993Sb 225 p 0.43 38 67 1.79 »
BaGa,Sb, 62 p 0.39 0.31 31 99.6 16
BaGag 952N 0sSh, 62 P 0.39 2.78 37 132 16
CasGa,Sbe 55 p 0.40 8.88 45 5.06 g
CasGa; 95ZNg 0sSbg 55 p 0.25 5.82 36 6.12 7
Mg,Sn 225 n 0.33 26 78 2.97 18
SrsIn,Sbg 55 p 0.40 2.34 1581 675 .
Srslng .oZng.1Sbe 55 p 0.40 2.63 29 11.0 1
SrZn,Sh, 164 p 0.27 59 48 082 2
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Table S7: Experimental minimum thermal conductivities compared to thermal conductivities
calculated using the Clarke and the Cahill-Pohl models.

Formula xmin Exp. kClarke kCabhill Reference
W m-1K-1 W m-1K-1 W m-1 K-1

AgBr 0.43 0.29 0.35 21
Bi,Te; 0.58 0.21 0.23 2
NaCo,04 0.71 1.00 1.12 23
KBr 0.67 0.29 0.33 24
BaTiO; 2.38 1.44 1.56 %
Mg,Si 2.64 1.13 1.22 26
Ti0, 3.30 1.52 1.73 27
Si0O, 1.24 1.09 1.19 23
StTiO5 1.73 1.67 1.81 28
Y,0; 2.95 1.11 1.23 2
MgAl,O4 5.47 2.21 2.41 30
GaAs 3.20 0.65 0.70 3
MgO 6.02 2.39 2.58 30
ZnO 1.72 1.01 1.17 30
Ge 0.51 0.67 0.72 24
Si3Ny 2.00 2.46 2.70 30
Si 1.05 1.29 1.39 30
GaN 6.00 1.83 1.98 30
BeO 15.00 3.69 3.98 32
NiO 1.92 1.65 1.80 3
AgCrSe, 0.15 0.49 0.56 34
WO, 1.52 1.39 1.52 30
MogTeg 1.10 0.30 0.34 3
710, 2.50 1.42 1.57 32
Co4Sb 0.40 0.63 0.68 36

Note: Data used to generate the cluster labels for generating Figures 8 and 9 are available in a
secondary supporting document entitled Suppl material clusterlabels.xlsx .
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