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Table S1. Table listing the energy of formation (eV) of intrinsic and extrinsic defects for charges -3, -2, -1,
0, 1, and 2 at the VBM (Ap.=0) for the three points in Figure 3.

Point 1 Point 2 Point 3

Defect 3 2 -1 0 1 2 3 2 -1 0 1 2 3 2 -1 0 1 2

Charge

Vac Co | 331 | 2.56 | 1.94 | 171 | 1.7 | 1.94 | 3.08 | 2.33 | 1.72 | 1.49 | 148 | 1.71 | 3.12 | 237 | 1.75 | 1.52 | 151 | 1.74
Vac Sb_| 3.75 | 3.06 | 2.59 | 242 | 244 | 2.69 | 3.83 | 3.14 | 2.67 | 2.5 | 2.52 | 2.77 | 3.72 | 3.04 | 2.57 | 2.4 | 2.41 | 2.67
Vac S| 432 | 326 | 2.51 | 2.01 | 1.93 | 2.06 | 447 | 341 | 2.66 | 2.16 | 2.08 | 2.2 | 453 | 347 | 273 | 2.23 | 2.15 | 2.27
Co Sb_| 4.7 396 | 3.42 | 3.06 | 3.15 | 3.45 | 5.01 | 427 | 3.73 | 337 | 3.46 | 3.76 | 487 | 4.13 | 3.6 | 3.23 | 3.32 | 3.62
Sb Co | 529 | 427 | 341 | 2.82 | 242 | 2.24 | 498 | 3.96 | 3.11 | 252 | 2.12 | 1.93 | 5.12 | 41 | 324 | 2.65 | 2.25 | 2.06
Co S 498 | 3.98 | 3.23 | 3.04 | 3.04 | 324 | 536 | 4.36 | 3.61 | 3.41 | 3.42 | 3.62 | 539 | 439 | 3.64 | 3.44 | 3.45 | 3.65
S Co 4.9 3.94 | 37 | 2.55 | 2.19 | 2.35 | 4.52 | 3.56 | 3.33 | 2.18 | 1.82 | 1.98 | 449 | 3.53 | 3.29 | 2.14 | 1.79 | 1.95
Sb S 259 | 178 | 12 | 1.06 | 112 | 1.36 | 2.66 | 1.84 | 1.27 | 1.12 | 1.18 | 1.43 | 2.83 | 2.01 | 144 | 1.29 | 135 | 1.6

S _Sb 289 | 21 | 145 | 1.03 | 0.83 | 1.15 | 2.83 | 2.03 | 1.38 | 0.96 | 0.77 | 1.09 | 2.66 | 1.86 | 1.21 | 0.79 | 0.6 | 0.92
Te Co | 5.89 | 4.87 | 4.04 | 335 | 2.93 | 2.85 | 5.71 | 4.69 | 3.86 | 3.17 | 2.75 | 2.67 | 5.68 | 4.66 | 3.83 | 3.14 | 2.72 | 2.64
Te Sb_ | 2.58 | 1.68 | 0.96 | 048 | 02 | 05 | 271 | 1.82 | 1.1 | 0.61 | 034 | 0.64 | 2.54 | 1.65 | 0.92 | 0.44 | 0.17 | 047

Te S 2.53 1.69 [ 1.09 | 0.67 | 0.82 | 1.14 | 2.73 | 1.89 | 1.29 | 087 | 1.02 | 1.34 | 2.73 | 1.89 | 1.29 | 0.87 | 1.02 | 1.34
Se_Co 4.99 4 3.19 | 257 | 219 | 229 | 481 | 3.83 | 3.01 | 239 | 2.01 | 2.12 | 478 | 3.8 298 | 236 | 1.98 | 2.08
Se_Sb 2.54 1.7 1.07 | 0.62 | 041 [ 0.7 2.67 | 1.84 | 1.2 0.75 | 0.54 | 0.83 | 2.5 1.67 | 1.03 | 0.58 | 0.37 [ 0.66
Se S 1.99 1.13 [ 0.56 | 0.07 | 0.19 | 0.52 | 2.19 | 1.34 | 0.76 | 0.27 | 039 | 0.73 | 2.19 | 133 | 0.76 | 0.27 | 0.39 | 0.72

Sc_Co 5.1 4.17 | 397 [ 293 | 297 | 3.19 [ 5.09 | 4.16 | 397 | 293 [ 297 | 3.19 | 523 | 43 4.1 3.06 | 3.1 3.32
Sc_Sb 4.73 397 | 3.57 | 334 | 332 | 341 | 503 | 427 | 387 | 3.64 | 3.62 | 3.71 | 503 | 427 | 3.87 | 3.64 | 3.62 | 3.71
Ru_Co 2.25 1.39 | 0.7 0.59 | 049 | 076 | 231 | 146 | 0.77 | 0.66 | 0.55 | 0.83 | 248 | 1.63 | 0.94 | 0.83 | 0.72 | 1

Ru_Sb 4.87 4.07 | 3.47 [ 325 | 325 | 3.57 | 524 | 444 | 3.85 | 3.62 | 3.62 | 3.94 | 527 | 448 | 3.88 | 3.66 | 3.65 | 3.97
Pt Co 3.05 213 [ 141 | 086 | 0.54 | 0.82 | 2.99 | 2.07 | 1.35 ] 079 | 047 | 0.75 | 2.82 | 1.9 1.18 | 0.62 | 0.3 0.58
Pt_Sb 4.52 382 | 335 [ 299 | 2.88 | 3.17 | 476 | 4.06 | 3.59 | 324 | 3.12 | 341 | 445 | 3.75 | 3.28 | 293 | 2.81 | 3.11
P Co 4.79 3.84 | 3.08 | 2.55 | 235 | 235 | 434 | 338 | 2.63 | 2.1 1.89 [ 1.9 441 | 345 | 2.7 2.17 [ 196 | 1.97

P_Sb 2.56 1.73 [ 1.16 | 0.71 | 0.87 | 1.2 242 | 1.58 | 1.01 | 056 | 0.72 | 1.06 | 2.35 | 1.51 | 095 | 0.5 0.66 | 0.99
P S 2.25 1.43 | 0.82 | 0.66 | 0.57 | 0.81 | 2.17 | 1.35 | 0.74 | 0.58 | 0.49 | 0.73 | 2.28 | 1.45 | 0.85 | 0.69 | 0.59 | 0.83
Pd Co 2.92 197 | 1.21 | 0.7 0.4 0.68 | 2.85 | 1.9 1.14 | 0.64 | 0.33 | 0.61 | 2.68 | 1.73 | 0.97 | 0.47 | 0.16 | 0.44
Pd_Sb 4 329 | 2.83 | 255 | 249 | 278 | 424 | 353 | 3.07 | 279 | 2.73 | 3.02 | 393 | 323 | 2.77 | 248 | 242 | 2.71

Pb_Co 6.48 543 | 4.62 | 394 | 353 | 348 | 645 | 54 459 | 391 [ 35 345 | 655 | 5.5 4.69 | 401 | 3.6 3.55
Pb_Sb 2.98 214 | 158 | 141 | 149 | 1.7 326 | 242 | 186 | 1.69 | 1.78 | 198 | 3.23 | 238 | 1.83 | 1.65 [ 1.74 | 1.94
0O_Co 3.62 285 | 275 | 191 | 1.77 | 2.14 | 345 | 2.68 | 257 | 1.74 | 159 | 1.96 | 341 | 2.64 | 254 | 1.71 | 1.56 | 1.93
O_Sb 4.53 3.87 | 3.59 | 3.13 | 3.19 | 3.57 | 466 | 401 | 3.73 | 3.26 | 332 | 3.7 449 | 3.84 | 355 | 3.09 | 3.15 | 3.53
N _Co 4.02 325 [ 301 | 231 [ 249 | 287 | 3.79 | 3.02 | 2.79 | 2.08 | 226 | 2.64 | 3.83 | 3.05 | 2.82 | 2.11 | 2.29 | 2.68
N_Sb 4.97 4.25 | 394 | 341 | 3.55 | 3.86 | 5.05 [ 433 | 4.02 | 349 | 3.63 [ 394 | 495 | 423 | 391 | 339 | 3.53 | 3.84
Ni_Co 2.65 1.73 | 1.03 | 0.55 | 0.31 | 0.6 254 | 1.61 | 091 | 043 | 0.19 | 048 | 2.67 | 1.75 | 1.05 | 0.57 | 0.33 | 0.62
Ni_Sb 4.34 3.63 | 3.15 [ 291 | 29 321 | 453 | 3.82 | 334 | 3.1 3.09 [ 339 [ 452 | 3.82 | 3.34 | 3.1 3.09 | 3.39
Na_Co 5.33 442 | 3.8 339 | 327 | 338 | 548 | 456 | 395 | 3.53 | 3.42 | 3.53 | 5.55 | 4.63 | 4.02 | 3.6 3.48 | 3.6
Na_Sb 4.28 356 | 352 | 271 | 273 | 295 | 473 | 402 | 397 | 3.17 | 3.18 | 3.4 4.66 | 395 [ 39 3.1 3.11 | 3.33
Mn Co | 2.66 1.87 [ 142 | 0.88 | 095 | 1.2 258 | 1.79 | 1.34 | 0.8 0.87 | 1.12 | 2.68 | 1.89 | 1.44 | 091 | 097 | 1.22
La Co 8 696 | 7 5.64 | 541 | 515 [ 799 | 6.96 | 699 | 563 | 54 5.14 | 813 | 7.09 | 7.13 | 5.77 | 5.54 | 5.28
La_Sb 5.55 472 | 443 | 3.8 3.63 | 3.64 | 585 | 5.02 | 474 | 4.1 393 | 395 | 585 | 5.02 | 474 | 4.1 393 | 3.95
Li_Co 3.7 284 | 23 1.96 | 191 | 2.1 3.56 | 2.7 2.16 | 1.82 | 1.77 | 1.96 | 3.63 | 2.77 | 2.23 | 1.89 | 1.84 | 2.03




Li_Sb 3.94 328 | 2.8 252 | 258 | 285 | 4.11 | 344 | 297 | 2.69 [ 2.75 | 3.02 | 404 | 337 | 29 262 | 2.68 | 2.95
K Co 7.87 6.96 | 6.7 592 | 576 | 5.68 | 8.02 | 7.11 | 6.85 | 6.07 | 5.9 5.83 [ 8.08 | 7.18 | 692 | 6.13 | 597 | 5.89
K _Sb 5.5 4.75 | 487 | 3.83 | 3.72 | 3.81 | 596 | 5.21 | 532 | 429 | 4.17 | 427 | 589 | 5.14 | 525 | 422 | 4.1 4.2
I Co 7.7 6.67 | 6.52 | 5.09 | 4.6 435 | 7.55 | 6.51 | 636 | 493 | 444 | 419 | 7.55 | 6.51 | 636 | 493 | 444 | 419
1Sb 3.97 315 | 252 | 208 | 19 191 | 412 | 33 267 [ 223 | 205 | 206 | 3.99 | 3.16 | 2.53 | 2.09 | 191 | 1.92
1S 4.03 321 [ 288 | 2.14 | 192 | 2.26 | 425 | 343 | 3.09 | 235 | 2.14 | 248 | 428 | 3.46 | 3.13 | 2.39 | 2.17 | 2.51
In_Co 5.04 401 | 325 | 266 | 245 | 241 | 5.05 | 4.02 | 326 | 2.67 | 246 | 242 | 5.18 | 4.16 | 3.39 | 2.81 | 2.6 2.56
In_Sb 2.64 1.87 [ 1.62 | 1.34 | 134 | 1.51 | 296 | 2.19 | 1.94 | 1.65 | 1.66 | 1.83 | 2.96 | 2.18 | 1.93 | 1.65 | 1.66 | 1.83
Hf Co 4.96 4.07 | 398 | 2.78 | 245 | 2.69 | 5.17 | 4.28 | 4.2 299 | 266 | 29 541 | 452 | 444 | 323 | 29 3.14
Hf Sb 4.34 352 129 278 | 2.83 | 3.09 | 486 | 404 | 342 | 33 335 [ 3.61 | 496 | 415 | 3.52 | 3.4 345 [ 371
Ge Co 4.32 336 | 2.6 204 | 1.7 1.91 | 4.08 | 3.13 | 237 | 1.81 | 1.47 | 1.68 | 421 | 3.26 | 2.5 1.94 | 1.6 1.81
Ge_Sb 2.02 1.22 | 0.66 | 0.59 | 0.74 | 1.09 | 2.1 129 [ 073 | 0.67 | 0.82 | 1.16 | 2.08 | 1.28 | 0.72 | 0.65 | 0.81 | 1.15
Gd Co 9.43 853 [ 873 | 74 7.2 7.5 9.42 | 853 | 872 | 739 | 7.19 | 7.5 9.56 | 8.66 | 886 | 7.53 | 7.33 | 7.63
Gd_Sb 8.03 744 | 691 | 651 | 625 | 642 | 833 | 7.75 | 7.21 | 6.81 | 6.55 | 6.72 | 833 | 7.75 | 7.21 | 6.81 | 6.55 | 6.72
Ga_Co 4.1 312 1239 [ 187 | 1.79 [ 191 | 409 | 3.12 | 238 | 1.86 | 1.78 | 1.9 423 | 325|252 |2 1.92 | 2.04
Ga_Sb 245 1.71 | 154 | 131 | 14 1.6 275 | 201 | 1.84 | 1.61 | 1.7 1.9 275 [ 201 [ 1.84 | 1.61 | 1.7 1.9
F Co 4.29 348 | 323 | 247 | 2.18 | 245 | 409 | 328 | 3.03 | 227 | 1.98 | 2.25 | 409 | 328 | 3.03 | 2.27 | 198 | 2.25
F_Sb 3.68 3.04 | 268 | 24 243 | 2.64 | 379 | 3.15 | 278 | 2.51 | 2.54 | 2.75 | 3.65 | 3.02 | 2.65 | 238 | 2.4 2.61
F S 3.5 267 [ 222 | 1.72 | 1.54 | 1.82 | 3.67 | 2.84 | 239 | 1.89 | 1.71 | 1.99 | 3.71 | 2.88 | 2.43 | 1.93 | 1.75 | 2.02
Fe Co 2.22 1.39 | 0.76 | 0.65 | 0.63 | 091 | 222 | 1.39 | 0.77 | 0.65 | 0.63 | 0.92 | 2.39 | 1.56 | 0.94 | 0.82 | 0.8 1.09
Eu_Co 9.34 8.7 8.46 | 734 | 747 [ 712 9.26 | 8.62 | 838 | 7.26 | 7.39 | 7.11 | 936 | 8.72 | 848 | 7.36 | 749 | 7.22
Eu_Sb 7.83 7.07 | 6.64 | 6.17 | 6.13 | 6.04 | 8.05 | 7.3 6.87 | 6.4 6.36 | 6.27 | 8.02 | 7.26 | 6.83 | 6.36 | 632 | 6.23
Cu_Co 3.37 248 | 1.8 134 | 1.17 | 1.27 | 33 241 [ 173 | 1.26 | 1.09 | 1.19 | 345 | 2.57 | 1.89 | 1.42 | 1.25 | 1.35
Cr_Co 3.12 232 | 1.78 | 1.47 | 145 | 1.66 | 3.14 | 234 | 1.79 | 1.49 | 1.47 | 1.68 | 3.27 | 248 | 1.93 | 1.63 | 1.6 1.81
C Co 5.69 491 | 436 | 412 | 4.11 | 45 546 | 4.69 | 4.13 | 3.89 | 3.89 | 427 | 549 | 472 | 4.16 | 393 | 392 | 431
C Sb 5.31 4.6 458 | 39 3.88 | 423 | 539 | 468 | 466 | 398 | 3.96 | 431 | 529 | 458 | 4.56 | 3.88 | 3.86 | 4.21
Cl Co 6.42 545 | 5.65 | 399 | 355 | 334 | 622 | 525 | 545 | 3.79 | 335 | 3.14 | 6.22 | 525 | 545 | 3.79 | 335 | 3.14
Cl_Sb 3.63 285 | 248 | 192 | 1.86 | 2 373 | 296 | 2.58 | 2.03 | 197 | 2.11 | 3.6 282 | 245 | 189 | 1.83 | 1.97
CLS 3.54 267 [ 199 | 1.52 | 127 | 1.57 | 3.71 | 2.84 | 2.16 | 1.69 | 145 | 1.74 | 3.75 | 2.88 | 2.2 1.73 | 148 | 1.77
Ce_Co 6.72 581 | 572 | 446 | 407 | 414 | 6.71 | 5.8 571 | 445 | 407 | 413 | 6.85 | 594 | 5.85 | 459 [ 42 4.27
Ce Sb 4.5 3.68 | 3.04 | 279 | 275 | 2.89 | 4.8 398 | 335 | 3.09 [ 3.05 [ 3.19 | 4.8 398 [ 3.34 | 3.09 | 3.05 | 3.19
Ca_Co 6.55 5.62 | 5.05 | 459 | 437 | 445 | 647 | 554 | 497 | 451 | 429 | 437 | 6.58 | 5.64 | 5.07 | 4.61 | 44 4.47
Ca_Sb 5.19 447 | 438 | 356 | 341 | 361 | 542 | 47 461 [ 379 | 3.64 | 384 | 539 | 466 | 457 | 3.76 | 3.6 3.81
Br Co 6.89 586 | 5.88 | 432 | 3.86 | 3.63 | 6.79 | 5.76 | 5.79 | 423 | 3.76 | 3.54 | 6.79 | 5.76 | 5.79 | 423 | 3.76 | 3.54
Br_Sb 3.63 286 | 227 | 1.89 | 1.8 1.91 | 3.84 | 3.07 | 248 | 2.1 201 | 212 | 37 293 | 234 | 197 | 1.88 | 198
Br S 3.65 2.8 213 | 1.67 | 144 | 1.77 | 393 | 3.08 | 241 | 195 | 1.72 | 2.04 | 3.96 | 3.11 | 244 | 1.99 | 1.75 | 2.08
B Co 4.54 3.7 3.06 | 2.64 | 2.64 | 2.54 | 439 | 3.55 [ 292 | 25 2.5 24 4.53 | 3.69 [ 3.05 | 2.64 | 2.64 | 2.53
B_Sb 4.15 342 | 2.88 | 265 | 2.75 | 3.14 | 432 | 358 | 3.04 | 281 | 291 | 3.3 432 | 358 [ 3.04 [ 281 | 291 | 3.3
Bi_Co 6.03 498 | 416 | 3.5 313 | 296 | 6.03 | 497 | 416 | 349 | 3.12 | 296 | 6.16 | 5.11 | 429 | 3.63 | 3.26 | 3.09
Bi_Sb 2.55 1.63 | 097 | 0.5 0.58 | 0.88 | 2.85 | 1.93 | 1.27 | 0.8 0.89 | 1.19 [ 2.85 | 1.93 | 1.27 | 0.8 0.89 | 1.18
As Co 4.6 3.61 | 2.82 | 227 | 2.05 | 2.03 | 429 | 33 251 [ 196 | 1.74 | 1.72 | 443 | 344 | 2.65 | 2.1 1.88 | 1.86
As_Sb 2.11 1.26 [ 0.63 | 021 | 035 | 0.69 | 2.11 | 1.26 | 0.63 | 0.21 | 035 | 0.69 | 2.11 | 1.26 | 0.63 | 0.21 | 0.35 | 0.69
Al Co 4.11 317 [ 245 | 1.94 | 195 | 2.13 | 4.1 316 | 244 | 193 | 194 | 2.12 | 424 | 33 2.58 | 2.07 [ 2.07 | 2.26
Al Sb 3.23 2.5 234 | 213 [ 2.19 | 241 | 3.53 | 2.8 264 | 243 | 249 | 271 | 353 | 2.8 264 | 243 | 249 | 271
Ag Co 4.06 3.09 [ 231 | 1.74 | 147 | 146 | 3.83 | 2.86 | 2.08 | 1.52 | 1.24 | 1.23 | 3.87 | 2.9 2.12 | 1.55 | 1.28 | 1.27
Ag Sb 3.31 265 [ 241 | 193 [ 197 | 219 | 339 | 2.73 | 249 | 2.01 | 2.05 | 2.27 | 329 | 2.63 | 238 | 191 | 195 | 2.17
Ag S 4.6 3.65 | 294 | 233 | 212 | 226 | 474 | 3.79 | 3.09 | 247 | 227 | 241 | 481 | 3.86 | 3.16 | 2.54 | 2.33 | 248
Zr Co 5.33 443 | 416 | 3.15 | 2.82 | 3.06 | 54 4.5 422 | 322 | 2.89 | 3.13 | 557 | 467 | 439 | 3.39 | 3.06 | 3.3
Zr_Sb 4.69 388 | 326 | 3.12 | 3.13 | 3.37 | 5.06 | 425 | 3.63 | 349 | 35 3.75 [ 5.09 | 428 | 3.67 | 3.53 | 3.54 | 3.78
Y Co 6.51 5.55 | 528 | 426 | 423 | 433 | 6.51 | 555 | 527 | 425 | 422 | 432 | 6.64 | 5.68 | 541 | 439 | 436 | 446
Y Sb 52 438 | 411 | 357 | 347 | 351 [ 55 4.68 | 442 | 388 | 3.77 | 3.81 | 5.5 4.68 | 441 | 3.87 | 3.77 | 3.81
Ti_Co 4.14 328 | 267 | 2.09 | 1.81 | 2.07 | 42 334 | 274 | 2.16 | 1.88 | 2.13 | 437 | 3.51 | 291 | 233 | 2.05 | 2.3
Zn_Co 4.07 3.19 [ 248 | 2.11 | 1.94 | 2.09 | 3.99 | 3.1 2.4 2.03 [ 1.86 [ 2.01 | 4.1 321 | 25 2.13 [ 1.96 [ 2.12
V_Co 3.53 273 [ 248 | 1.78 | 1.63 | 1.73 | 3.5 2.7 245 | 1.75 [ 1.6 1.7 363 | 283 | 257 | 1.87 | 1.73 | 1.82
TI Co 6.14 5.1 434 | 37 336 | 319 | 6.18 | 5.14 | 437 | 3.73 | 339 | 322 | 624 | 5.2 444 | 38 3.46 | 3.29
T1_Sb 2.95 2.16 | 191 | 1.59 | 1.58 | 1.72 | 329 | 2.51 | 225 | 1.93 | 1.92 | 2.06 | 3.22 | 2.44 | 2.19 | 1.86 | 1.85 | 1.99
Tb_Co 6.6 5.65 | 538 | 435 | 431 | 435 | 659 | 5.64 | 538 | 434 | 43 435 | 673 | 578 | 551 | 448 | 444 | 448
Tb_Sb 5.16 435 | 3.86 | 3.54 | 343 | 347 | 546 | 4.65 | 4.17 | 3.85 | 3.73 [ 3.77 | 546 | 465 | 416 | 3.84 | 3.73 | 3.77
Sr Co 7.99 7.02 | 6.55 | 587 | 552 | 5.63 | 801 | 7.03 | 6.56 | 589 | 554 | 5.65 | 811 | 7.13 | 6.66 | 599 | 5.64 | 5.75
Sr_Sb 5.67 49 489 | 391 [ 373 | 3.86 | 599 | 522 | 522 | 423 | 405 | 418 | 595 | 518 | 5.18 | 4.2 401 | 414
Sn_Co 5.07 4.06 | 326 | 2.62 | 2.24 | 233 | 499 [ 398 | 3.18 | 2.54 | 2.16 [ 2.25 | 5.09 | 4.09 | 3.28 | 2.65 | 2.26 | 2.35
Sn_Sb 2.14 1.34 | 0.78 | 0.65 | 0.76 | 1.02 | 2.37 | 1.57 | 1 088 | 099 | 1.25 | 233 | 1.53 | 097 | 0.84 | 096 | 1.21
Sn_S 3.34 254 | 231 | 177 | 1.77 | 193 | 3.63 | 2.84 | 2.6 207 | 207 | 223 | 377 | 297 | 2.74 | 2.2 22 2.36
Si_Co 4.32 3.4 265 | 211 | 1.79 | 2.06 | 439 | 346 | 271 | 2.18 | 1.86 | 2.13 | 4.56 | 3.63 | 2.88 | 2.35 | 2.03 | 2.3
Si_Sb 2.58 1.81 127 | 12 138 | 1.72 [ 296 | 2.18 | 1.65 | 1.57 | 1.75 | 2.1 299 | 221 | 168 | 1.61 | 1.79 | 2.13




Table S2. The summary of transport characterization carried out on non-effective dopants tested

experimentally.

Hall effect at RT PSM at RT
Dopant Charge conc. Mobility, Resistivity, Seebeck, PF,

n, cm” em’/(V.s) mQ.cm uV.K" uW.m' K
undoped -4.75x1018 5.3 293+2.2 -459 £ 36 72+0.5
+2 at. % P +2.59x10%° 0.3 1710 £5.7 +204 + 44 2.4+0.01
+2 at. % Zn +1.54x10"° 0.4 134443.7 +262 £ 56 5.1+0.015

V]
+2 mol % -5.22x10'% 2.7 55443 212434 8.1+0.06
CoCl,
+2 at. % Sn +4.45x1018 2.6 1573 +5 +582 + 35 21.5+03
+2 at. % Ag - 3.39x10'® 5.3 338+1.5 -389 £ 30 44.8+0.27
+2 at. % Ce -2.73x10"8 7.9 308 £1.4 -396 + 28 51+0.2

Experimentally we also tested a number of dopants that resulted in poor performances. In the
cases of P, Zn, Cl, Sn, Ag and Ce dopants the obtained power factors and electrical conductivities
are lower than the one observed for the undoped reference (Table S1). Thus, P, Zn, CI, Sn, Ag
and Ce are not effective dopants for this system. We have also found that P, Sn and Zn cause a
change of the Seebeck coefficient sign signifying a p-type characteristic. This is also evident
from the defect formation energies of the corresponding defects (Ps, Sng, and Zng,) shown in the
supplementary information, Table S1. The other dopants, i.e. Cl, Ag and Ce result in n-type
characteristics. Note that the corresponding defects are very high in energy (Table S1), which
results in low carrier concentrations. From the PSM measurements, we have found that all the p-
type dopants result in very high resistivity values, in excess of 1300 mQ.cm. Such large
resistivities were also reported by D. Parker et al, when CoSbS was p-doped with Fe. We have

observed that the mobility of charge carriers is strongly suppressed when p-doped. Finally, we



investigated Ag as a dopant motivated by our previous work in tin sulfide’. Unfortunately, we
observed very high defect formation energies and thus large measured resistivities and
furthermore a decrease in evaluated Seebeck coefficient. Similarly unfavorable results were

observed for Ce doped CoSbS from both the defect calculations and PSM measurements.
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Figure S1. CoSbS structure seen along a-axis.

The unit-cell of CoSbS comprises of eight atoms each of Co, Sb and S. Every Co atom is
surrounded by six nearest-neighboring anions in a distorted octahedral environment. Each anion
is coordinated by one other anion and three cations in a distorted tetrahedral arrangement. The
difference between the orthorhombic marcasite structure from a very similar cubic pyrite
structure is that in the former, edge-sharing of the cation octahedra occurs in linear chains parallel
to the orthorhombic and longest ¢ direction (illustrated in Figure SI.1). As a result there is a less

regular octahedral environment around the cation.
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Figure S3: Extrinsic defect candidates investigated for CoSbS and their performances.
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Figure S5. SEM/EDX micrographs of CoSbS doped with 4 at. % of Pd. PdSb rich areas are
clearly identified.
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Figure SI.6. (a) Thermal capacity and (b) thermal diffusivity of pure and 4 at. % doped CoSbS.
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Figure S7. XRD patterns collected on CoSbS doped with various Te contents. For 8 at. % doped CoSbS a
Sb,Te; phase has been observed.



5.85 5.85
(a) (b)
5.845 " 5.845
o =
- -
= )
5 584 5 584
] 2
£ £
g §
€ 5835 £ 5835
5.83 5.83
0 2 4 6 8 10 0 2 4 6 8 10
Concentration of Tellurium, at, % Concentration of Palladium, at. %
5.97 5.97
£ 5.965 £ 5.965
E bl
o (-]
o / 3
T 59 . T 5% —
=
E 4 E 4
a 5.955 a 5955
5.95 5.95
0 2 4 6 8 10 0 2 4 6 8 10
Concentration of Tellurium, at. % Concentration of Palladium, at. %
11.68 11.68
E 11675 £ 11675
g q
=] o
- -
" / d /
% 11.67 % 11.67 A
T ——
£ £
& s *
& 11665 |-* £ 11665
11.66 11.66
0 2 4 6 8 10 0 2 4 6 8 10

Concentration of Tellurium, at. %

Concentration of Palladium, at. %

Figure S8. The evolution of the unit cell parameters for (a) Tellurium and (b) Palladium doped CoSbS.




