Electronic Supplementary Material (ESI) for Inorganic Chemistry Frontiers.
This journal is © the Partner Organisations 2018

Supplemental information

March 6, 2018



Table 1: Compounds with the CaAlySi, structure type.

compound | ref compound ref compound ref
BaCdjAs, [1, 2| CaZnyShy 3] SrMg,Bis 4]
BaCdQPQ [1, 2] EUCd2A82 [5] SngQNQ* [6]
BaCdQSbQ [7] Equ2P2 [8] SI‘MgQSbQ [4]
BaMg2A82 []_, 4] EUCdQSbQ [8] SI"MHQASQ [9, 10]
BaMg2B12 [4] EuMg2B12 [11] SI'MHQPQ [9]
BaMg,Ps [1] EuMgsSb [12] SrMnyShy [13]
BaMgyShs 4] EuMnyAss [14] SrZnyAs, [15]
C&CdgASQ [16] EUMHQPQ [14] SI‘ZHQPQ [1], [2]
CaCngg []_6] EUMHQSbQ [14, 5] San28b2 [3]
CaCdQSbg [3] EUZD2A82 [2] YdeQSbQ [17, 8]
CaMgoAsy | [4] EuZn, P, 2] YbMg,Bi, [11]
CaMg,Biy [4, 11] EuZn,Shy [5, 2] YbMgsoShy | [12]
C&MggNQ* [6] Mg(MgMH)QASQ [18] Yan2A82 [14]
CaMgQSbg [4] MgMg2A82 [18] Yan28b2 [5, 19]
CaMn2A82 [9, 10] MgMg2B12 [20] YbZDQASQ [2, 21]
CaMnyBi, | [13] MgMg,Sbs [20, 22] | YbZnyPy 1, 23]
CaMnyPs [9] SrCdaAss [15] YbZnyShy 2, 5, 17]
C&MDQSbQ [13] Ser2P2 [1], [2] SmMg2B12 [24]
CaanASQ [16] SI‘CdQSbQ [3] SmMgQSbg [24]
CaanPQ [16] SI"MgQASQ [4]

compound | ref compound ref compound ref
CaAl,Gey [25] MgAl,Ge; [26] YbAl,Gey [27]
EU.AIQGGQ [29] SI‘AIQGGQ [25]

compound ref compound ref compound ref
CeAgZnAs, | [31] LaAgZnP, [32] SmAgZnAs, | [31]
CeAgZnPy | [31] LaCuZnP, [32] SmAgZnPy | [32]
CeCuZnAs, | [31] LuCuZnP, [33] SmCuZnAs, | [31]
CeCuZnP, | [32] NdAgZnAs, [31] SmCuZnPy | [32]
DyCuZnAs, | [31] NdAgZnP, [31] TbAgZnAs, | [31]
DyCuZnP, | [33] NdCuZnAs, [31] TbCuZnAs, | [31]
ErCuZnP, | [33] NdCuZnP, [33] TbCuZnPy | [33]
GdAgZnAs, | [31] PrAgZnAs, [31] TmCuZnP,y | [33]
GdCuZnP, | [33] PrAgZnP, [31] YbCuZnPy | [34]
HoCuZnPy | [33] PrCuZnP, [33] YbMnCuPy | [15]
LaAgZnAs, | [31] ScCuZnPy [32] YCuZnP, 32, 2]




Table 2: Compounds with the CaAl,Si, structure type, continued. Compounds with * are not
included in phase map in figure 3(d).

compound ref compound ref | compound ref
CeLigASQ [35] LaLi3P2 [36] PI'LixCUQ_yPQ* [37]
CeLi3Bi, [38] LaLizSh2 [36] | SmLi3Biy [38]
CelizSbs [39] LaLixCuy_,Po™* | [37] | SmLizSby [39]
EFLiXCug_yPQ* [37] NdngASQ [36] TbngSbQ [39]
GdLizBi, [38] NdLisBi, 38] | YLi;Bi, [36]
GdLixCuy_,Po™* | [37] NdLizSbs [39] | YLizSh, [36]
HoLisSh, [39] PrLi;Bi, 38

compound ref compound ref | compound ref
NaCd; 55n0.5As, | [40] NaZn; 55n0.5As, | [40] | RbCd; 5Sn0.5As2 | [40]
NaZn; 5Ge0.5As, | [40] KZn; 55n0.5As, | [40]

NaZn1‘5SiO.5ASQ [40] KCd1‘5SDO.5ASQ [40]

compound ref compound ref | compound ref
NaFe; ¢S [41]

compound ref compound ref | compound ref
CGAIQGGQ [42, 43] LUAIQGGQ [44] TbAlgSlQ [45]
DyAl,Sis [45] NdALGe, [44] | YALGe, [46, 44]
GdAlLGe, [44] PrAl,Si, [47] | YALS, [46, 45]
LaAlgGeg [42, 44] TbAlQGeg [44]

GdAlZnGe, [45]

Table 3: Compounds with VEC=16 forming the ThCr,Siy structure type.

compound | ref | compound ref | compound ref
BaMnsAs, | [10] | BaPdyAs,y [49] | KZn; 5Sip5As2 [50]
BaMngBig [51] BaZn2P2 [52] RbZn1.5GeO.5ASQ [50]
BaMnyPs | [9] | KFeyAsSe [53]
BaMHQSbQ [7] KZD1_5G60_5ASQ [50]

Table 4: Compounds with VEC=16 forming the BaCuyS, structure type.

compound | ref | compound ref | compound | ref
BaAIQSiQ [54] Oé-BaCUQSQ [55] BaAIQGeg [56]
BaZnyAsy | [52] | a-BaCugSey | [55]
BaZnySbe | [7] | a-BaCuyTey | [57]




Table 5: Source data for Figure 8b) and Figure 9. The room temperature Seebeck coefficients, «,
electrical conductivity, o, Hall mobility, iy, and total thermal conductivity as ko, are obtained
from the literature. The Lorenz numbers, L, are estimated using an effective mass model. The
electronic thermal conductivity, k., and lattice thermal conductivity, s, are calculated from the
Wiedemann-Franz law using the corresponding . The transverse and longitudinal speed of sound
(v¢ and v;) are from the predicted elastic modulus [58] and density. The mean speed of sound, vy
calc, is obtained through (2v;+v;)/3.

Ref. | Compound « Lx108 o Ke Ktotal KL vs cale. | pug
uVK=L | WQK~2 | S/m W/(mK) W/(mK) | W/(mK) | m/s cm?/(Vs)

[59] | MgsSbs 193 1.58 2.11x10% | 9.8x10~ % 1.33 1.3 2790

[60] | YbCd2Sbe 115 1.75 4.56x10* | 2.40x10~ ! | 2.04 1.80 2160 73
CaCd2Sho 261 1.55 2.50x102% | 1.16x10~3 | 1.06 1.06 2381

[61] | YbZnaSba 48 2.3 3.13x10% | 2.16 4.25 2.09 2379 130
CaZnaSho 120 1.81 4.22x10* | 2.29x10~1 | 2.60 2.37 2480 83

[62] | YbCd2Sba 124 1.82 4.90x10* | 2.68x10~1 | 2.25 1.99 2117 72
YbCd; 95Mng 25Sby | 138 1.75 4.25x10% | 2.23x1072 | 1.95 1.93 2117 73
YbMnsoSbe 10 2.4 6.25x10% | 4.50x10~2 | 2.75 2.71 2055

[63] | CaZnaSbe 115 1.75 8.00x10* | 4.20x10~1 | 2.91 2.49 2480
YbZnaSbo 100 1.9 1.33x10% | 7.58x10~1 | 2.60 1.84 2379

[64] | EuMgaBia 102 1.9 9.35x10* | 5.33x10~1 | 4.72 4.19 2228
CaMgyBia 288 1.54 5.30x103 | 2.45x10~2 | 2.93 2.91 2486 143
YbMgsBia 209 1.6 1.33x10* | 6.38x1072 | 2.68 2.62 2133 119

[65] | SrZnaSbe 159 1.69 2.22x10* | 1.13x10~1 | 2.05 1.94 2366
CaZnaSba 120 1.81 4.22x10* | 2.29x10~1 | 2.60 2.37 2480
YbZnaSba 48 2.3 3.13x10°% | 2.16 4.25 2.09 2379
EuZnySby 120 1.81 1.14x105 | 6.17x10~! | 2.50 1.88 2401

[66] | YbCd2Sbe 118 1.75 4.60x10* | 2.42x10~1 | 2.10 1.86 2160 73
YbZn2Sbo 45 2.2 2.16x10% | 1.43 3.80 2.37 2379 119

[67] | CaZnaSby 120 1.81 3.20x10% | 1.74x10~1 | 3.89 3.72 2480 63.6

[68] | YbZnaSba 53 2.19 1.58x10% | 1.04 3.23 2.20 2379 85

[69] | EuZn2Sbo 120 1.81 1.13x10% | 6.14x1072 | 2.62 2.56 2401

[70] | EuCdaShs 229 1.58 1.11x10%* | 5.26x10=2 | 1.40 1.35 2133

[71] | EuCda2Sbs 222 1.59 1.16x10%* | 5.53x1072 | 1.40 1.35 2133
CaCdaSby 262 1.55 6.67x10% | 3.10x10~! | 1.06 0.75 2381

[72] | SrZnaSbs 167 1.69 3.50x10% | 1.77x10~2 | 2.20 2.18 2366

[73] | YbCd2Sbe 169 1.69 3.30x10* | 1.67x10~1 | 2.08 1.91 2160

[74] | YbZnaSba 58 2.16 2.10x10°% | 1.36 4.13 2.76 2379
Lag.01Ybo.99Zn2Sbs | 63 2.14 1.67x10% | 1.07 3.50 2.43 2379

[75] | YbZn2Sba 130 1.52 4.55x10* | 2.07x10~1 | 2.90 2.69 2379 115
Ybo.99Zn2Sba 65 2.14 1.67x10% | 1.07 2.40 1.33 2379 90

[76] | Mg3Sbe 313 1.5 9.52x10% | 4.29x1073 | 1.40 1.40 2790 28.3
Mg2.995Ag0.005Sba 162 1.68 1.22x10% | 6.15x1072 | 1.45 1.39 2790 50.1
Mg2.990Ag0.010Sba 177 1.65 1.04x10* | 5.16x1072 | 1.35 1.30 2790 47.6
Mgz 985 Ag0.015Sb2 177 1.65 1.18x10* | 5.82x1072 | 1.25 1.19 2790 47.3
Mg2}980Ag0A02OSb2 165 1.68 1.03><104 5.20><10_2 1.30 1.24 2790 48.9

[77] | Mgs3Sbe 1000 1.5 1.00 4.50x1076 | 1.40 1.35 2790 23.2
Mg2.994Nag.0o6Sba 110 1.9 1.04x10% | 5.94x10~2 | 1.60 1.60 2790 16.7
Mgg.975Nag.0125Sbs | 100 1.9 2.08x10% | 1.19x10~1 | 1.70 1.64 2790 15.9

[78] | CaMgaSbe 4.55 3207




Table 6: Source data for figure 8a). Hall carrier concentration, ny, Seebeck coefficient, a, and Hall
mobility, g, for p-type AM,X 5 compounds.

ngx 1019

Compound |[Ref.| o W Compound |[Ref.| ngx 10 a W
carriers/cm® | u VK= | em?2/(Vs) carriers/cm® | p VK~ | em2/(Vs)

YbZns_ Mn,Sbho [68] Ybi_Ca;rCdaSho [60]
0 11.5 51 85 0 3.9 115 73
0.05 9 85 56 0.2 2.66 128 82
0.1 7.2 69 88 0.4 1.88 149 104
0.15 8.3 924 59 0.5 1.94 149 91
0.2 6.6 64 38 0.6 1.12 161 135
0.3 6 87 54 0.8 0.33 216 114
Cai_zEuzZnaShy [67] Ybi_zZnaSbs [75]
0 3.04 120 63.6 0.98 2.38 131 120
0.1 3.29 112 117.4 0.99 2.04 121 115
0.3 3.59 110 120.8 1 3.09 118 90
0.7 3.81 111 123.6 1.025 9.06 62 75
0.9 3.83 111 140 1.05 15 40 92
1 2.94 112 186.2

(Euo.5Ybo.5)1—2

CazMggBig [64]
YbCda—ZnyShy [66] 0 3.99 105 200
0 3.9 116 73 0.4 2.74 126 180
0.4 6 101 118 0.5 2.26 148 166
0.8 7.2 68 93 0.6 1.7 162 171
1 8.6 66 103 0.7 1.41 172 164
1.2 9.1 55 104 EuMgsBia 4.33 102 202
1.6 10.3 40 123 Eug.5Cag. s MgaBia 3.07 128 159
2 11.4 45 119

MgsSby_Bi, [59]
Ca1 s NagMgaBi oz [79] 0 11 192 30
0 0.35 256 138 0.1 19 275 25
0.0025 1.84 160 144 0.15 23 310 22.2
0.005 2.53 138 147 0.2 29 305 18.6
0.0075 4.4 103 154 0.25 42 237 13.9

0.4 150 141 36.9
Caj—zYbgsMgaBia [80]
0 0.24 288 143 Mgs_»AgsShy [76]
0.3 0.28 263 153 0 0.18 316 28.3
0.5 0.34 260 138 0.05 1.52 163 50.1
0.7 0.42 247 131 0.02 1.36 167 47.6
1 0.72 210 119 0.025 1.27 174 47.3

0.01 1.23 175 48.9
YbCda—zMn,Sbs [62] 0.015 1.5 178 43.7
0 4.3 125 72
0.05 3.6 139 73 Mgs_»NagSby [77]
0.1 2.8 135 63 0.006 3.87 117 16.7
0.15 2.2 162 64 0.02 1.36 167 47.6
0.2 2.1 161 74 0.0125 8.41 89 15.9
0.4 1.7 181 54 0.025 17.1 73 12.6
0.6 1.1 192 53 0.015 1.5 177 43.7
CazYb1_47ZnaSbs [61]
0 15 48 130
0.25 8.9 58 72
0.5 6.4 79 76
0.75 5.7 96 50
1 3.1 120 83




Table 7: Hall carrier concentration, Seebeck coefficient and Hall mobility for all n-type AM,X,
compounds. Source data for figure 7(b) in the paper. Here, we define Hall carrier concentration as
ny, Seebeck coefficient as o, Hall mobility as ppy.

Compound [Ref.] ngx10~ 17 o "H
carriers/cm® | ug VK=! | em?/(Vs)

Mg3.075b1.5Big.5—xSes [81]

0.02 0.88 276 76
0.03 0.70 280 64
0.04 0.68 281 63
0.05 0.77 279 60
0.06 0.64 296 61

Mg3Sb1.5—0.5:Bio.5—0.52Tex [82]

0.04 2.21 208
0.05 2.17 214
0.08 2.06 221
0.2 1.81 227
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