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Table S1. Information on thin and thick slab hydride models. Units: area in A2, cell height
and slab thickness in A, Esurin meV/A%, and WF in eV.

Cell height h.sll(ab Number of
Compound Surface Area thickness atoms
Thin Thick Thin Thick Thin Thick Thin Thick Thin Thick

Equr WF

HfH: (101) 9.5 295 295 161 188 18 21 101.6 101.7 3.86 3.84
LaHs (110) 214 292 292 156 175 32 36 555 56.6 205 2.04
NbH; (111) 89 288 314 157 183 18 21 88.0 86.8 435 442
ScH2 (111) 9.7 30.0 30.0 164 19.1 18 21 653 654 350 3.56
TiH: (101) 8.3 277 303 151 177 18 21 995 996 430 4.29
V2H (111) 135 287 287 144 164 21 24 1522 152.6 446 4.45
VH: (111) 1.5 297 327 17.8 208 18 21 584 600 3.02 3.07
YH3 (001) 339 390 455 228 293 &4 108 424 43.1 455 455
ZrH; (101) 9.8 273 328 164 19.1 18 21 97.0 973 389 3.86




Table S2. Information on thin and thick slab carbide models. Units: area in A2, cell height
and slab thickness in A, Esurin meV/A%, and WF in eV.

Cell height Slab Number of

Compound Surface Area thickness atoms
Thin Thick Thin Thick Thin Thick Thin Thick Thin Thick

Equr WF

HfC (110) 10.6 30.0 300 16.1 184 14 16 1222 121.2 436 4.29
La,C; (100) 757 305 305 152 174 70 80 71.7 713 240 234
LaC, (110) 180 275 275 137 165 15 18 395 394 253 251
Nb,C (1011) 17.6 285 285 142 166 18 21  157.8 1574 440 439
NbC (100) 100 29.1 291 157 179 14 16 100.2 100.1 3.82 3.86
Sc,C (0001) 94 329 329 165 22.0 9 12 660 656 374 3.74
TayC (1011) 173 282 282 141 165 18 21 1756 1754 451 451
TaC (100) 99 289 289 155 178 14 16 1122 110.7 3.70 3.80
TiC (100) 9.3 280 28.0 151 172 14 16 1162 1155 4.66 4.61
V2C (111) 443 317 345 173 201 72 84 1944 1939 3.66 3.66
Y2C (0001) 11.0 36.5 365 182 243 9 12 515 513 3.64 3.65
YC; (110) 158 282 282 154 179 18 21 444 432 272 2.69
ZrC (100) 109 280 28.0 140 164 12 14 1103 1104 4.21 4.17




Table S3. Information on thin and thick slab nitride models. Units: area in A2, cell height
and slab thickness in A, Esurin meV/A%, and WF in eV.

Cell height h,Sllzlb Number of
Compound  Surface Area thickness atoms
Thin Thick Thin Thick Thin Thick Thin Thick Thin Thick

E surf WF

HIN (100) 10.1 292 292 157 180 14 16 1102 1074 235 2.36
LaN (100) 13.8 289 289 157 184 12 14 325 343 288 282
NboN (1122) 66.6 29.0 29.0 145 163 72 81 177.0 176.9 3.59 3.59
NbsN3 (100) 379 285 285 154 17.6 49 56 111.0 111.0 3.27 3.27
NbN (1120) 147 280 28.0 148 162 20 22 198.7 1989 420 4.20
NbN (1122) 211 278 278 154 165 30 32 1965 196.5 3.06 3.06

ScN (100) 99 290 290 156 178 14 16 863 864 361 3.62
TapN (1122) 65.6 287 287 144 162 72 81 193.6 193.7 3.76 3.75
TioN (110) 209 313 347 174 208 30 36 1647 1645 3.61 3.61
TiN (100) 89 295 295 148 169 14 16 96.0 954 3.01 3.03
VN (100) 83 28,6 286 143 163 14 16 625 522 4.00 4.07
YN (100) 11.8 29.1 29.1 146 17.0 12 14 70.1 700 323 3.24

ZrN (100) 104 29.6 296 159 182 14 16 100.1 97.7 237 237




Table S4. Information on thin and thick slab oxide models. Units: area in A2, cell height
and slab thickness in A, Esurin meV/A%, and WF in eV.

Cell height Slab Number of

Compound Surface Area thickness atoms
Thin Thick Thin Thick Thin Thick Thin Thick Thin Thick

Equr WF

HfO; (111) 432 282 313 157 188 60 72 689 673 633 6.35
a-LayOs (111) 2202 293 325 163 19.5 200 240 40.0 393 451 452
B-La;O3  (0001) 132 362 422 241 302 20 25 41.6 40.1 527 524
B-La,Os (1011) 27.0 325 354 17.7 207 30 35 396 388 468 4.68
Nb,Os (111) 513 30.1 335 167 201 70 84 376 363 7.13 7.11

NbO (110) 252 298 328 169 199 34 40 138.8 1375 3.75 3.73

NbO (211) 436 276 31.0 16.1 17.8 56 62 1393 1394 383 3.84

NbO; (110) 204 316 351 175 21.0 30 36 534 488 425 433

ScO (100) 9.7 28,6 286 154 176 14 16 58.7 576 200 1.97

Sc,0; (111) 1651 31 338 169 197 240 280 60.0 587 595 596

TayOs (111) 504 299 332 166 199 70 84 466 449 692 6.87

TizO (1010) 47.7 309 353 176 220 64 80 1433 1424 321 321

Ti,O (1011) 158 292 292 157 18.0 21 24 109.1 1082 3.58 3.57

Tiz0; (1123) 48.6 293 315 158 180 70 80 108.3 107.5 3.66 3.67

Ti203 (0112) 27.8 334 371 185 223 50 60 648 62.6 326 3.26

Rutile-TiO,  (110) 192 294 326 163 196 30 36 379 295 719 725

A‘}?gse' (101) 195 318 353 17.6 212 30 36 317 30.1 725 725
2

V205 (001) 412 294 337 168 210 56 70 02 -13 840 833
Y203 (111) 1924 274 304 152 183 200 240 578 56.7 527 523
V4(0)} (111) 442 285 316 158 19.0 60 72 59.8 582 638 6.34




Table S5. Information on thin and thick slab sulfide models. Units: area in A2, cell height
and slab thickness in A, Esurin meV/A%, and WF in eV.

Cell height Slab Number of

Compound Surface Area thickness atoms
Thin Thick Thin Thick Thin Thick Thin Thick Thin Thick

Equr WF

HES (0001) 9.6 583 70.0 40.8 525 21 27 1545 1545 438 4.39
HfS, (0001) 11.1 357 357 17.8 238 9 12 1.6 1.5 6.00 598
HIfS; (001) 180 540 63.0 36.0 450 32 40 1.8 1.8 562 556
LaS (100) 16.8 290 290 145 174 10 12 394 400 228 2.16
Nb;Ss4 (1230) 850 282 313 157 188 70 84 643 692 5.04 492
NbS; (101) 490 547 638 364 456 96 120 26 26 501 5.01
ScS (100) 132 283 283 154 180 12 14 40 417 296 295
TiS (1010) 20.6 306 334 167 195 24 28 81.8 822 4.04 4.03
TiS; (0o01) 9.7 393 450 225 28.1 12 15 3.6 36 584 584
TiS; (001) 16.5 527 614 351 439 32 40 22 22 526 5.26
VsS (110) 59.8 39.0 455 26.0 325 128 160 1183 118.1 3.46 3.46
VsS4 (110) 195 376 438 251 313 36 45 637 634 3.67 3.68
VS (101) 257 284 325 162 203 32 40 584 584 413 413
VS, (111) 732 399 456 228 285 80 100 2.0 20 433 432
VS, (010) 804 363 415 20.8 260 80 100 2.1 20 418 4.16
YS (100) 149 273 273 13.6 164 10 12 395 40.1 246 237
YsS, (101) 556 333 381 19.0 23.8 48 60 572 575 385 382
ZrS (001) 128 379 433 21.7 27.1 16 20 257 258 343 3.4l
ZrS; (0001) 114 354 354 177 236 9 12 1.9 1.9 6.02 6.02
ZrS3 (001) 183 540 63.0 36.0 450 32 40 1.9 1.9 561 5.64




Table S6. Comparison of calculated (PBEsol) and experimentally obtained work
functions of elementary metals. The unit is eV. The experimental values are from Derry
et al., Journal of Vacuum Science & Technology A 33, 060801 (2015). The mean error is
-0.12 eV. The experimental value for Ru shown with * is for the (100) surface in Table I
of Derry et al. However, this value appears to be for the (001) surface based on individual
values cited in Table II of Derry et al.

Metal Crystal ~ Surface  Calculation Experiment Difference
Al fcc (111) 4.06 4.32+40.05 -0.26
Zn hcp (0001) 431
Ag fcc (111) 4.56 4.53+0.07 0.03
Co hcp (1100) 4.84
Fe bcc (110) 4.93 5.07+0.04 -0.14
Cu fcc (111) 4.94 4.90+0.02 0.04
Re hcp (0001) 5.07
Ru hcp (0001) 5.13 5.40+0.11%* -0.27
Ni fcc (111) 5.22 5.24+0.07 -0.02
Au fcc (111) 5.28 5.33+0.06 -0.05
Rh fcc (111) 5.29 5.46+0.09 -0.17
Pd fcc (111) 5.38 5.67+£0.12 -0.29

Ir fcc (111) 5.64 5.78+0.04 -0.14

Pt fcc (111) 5.84 5.910.08 -0.07




Table S7. Envac, Evulk, and WF for hydrides plotted in Fig. 6.

Envac(eV/defect) FEpux (€V/atom) — WF (eV)
ScH> 1.45 -0.75 3.54
YH: 1.45 -0.79 3.02
LaH: 1.39 -0.68 2.66
TiH> 1.50 -0.58 4.29
ZrH> 1.60 -0.67 3.89
HfH> 1.51 -0.60 3.85
VH:2 1.44 -0.30 4.70
NbH> 1.51 -0.33 4.42
TaH> 1.32 -0.19 4.25

Table S8. Ecvac, Ebulk, and WF for carbides plotted in Fig. 6.

Ecvac(eV/defect) Epuic (€V/atom) WF (eV)
TiC 0.69 -0.85 4.66
ZrC 0.71 -0.92 4.17
HfC 1.09 -1.03 4.36
VC -0.43 -0.48 4.36
NbC -0.24 -0.54 3.82
TaC 0.35 -0.66 3.99




Table S9. Envac, Evulk, and WF for nitrides plotted in Fig. 6.

Enxvac(eV/defect)  Evpuk (€V/atom) — WF (eV)

ScN 2.86 -2.13 3.61
YN 2.70 -1.89 3.24
LaN 1.29 -1.41 2.82
TiN 2.83 -1.89 3.01
ZrN 3.49 -1.97 2.37
HfN 3.83 -2.01 2.35
VN 1.15 -1.16 4.00
NbN 1.31 -1.07 3.35

TaN 1.62 -1.08 3.09
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Fig. S1. Nanorod of a face-centered cubic metal viewed from three directions.
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Fig. S2. Adsorption of a nanorod of a face-centered cubic metal on the Ti»O3 (011 2)
surface, as viewed from three directions.



