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Table S1. Free energies of adsorption of *O, *OH and *OOH (AGo, AGoy, AGoon, in €V), a metric for the
breaking of the *OOH vs *OH scaling relation (Yoonon, in V), OER/ORR electrochemical-step symmetry
index (ESSlpgr / ESSIorr in V), OER overpotentials (nogr in V) and the additive inverse of the ORR

overpotentials (-nogrg in V) for all the materials included in this work. Values taken from references.!>34
5.6,7,8.9,10

Material AGo AGon AGoon 7Yoowon ESSIoer mNoer ESSlorr  —Morr
Doped and undoped TiO,
TiO, 4.60 2.07 5.08 0.27 1.07 1.30 -1.07 -1.39

V-TiO, (5cM) 235  1.38 4.50 0.33 0.53 0.91 -0.53 -0.80
V-TiO, (5¢cM)  3.17 1.18 4.67 0.51 0.51 0.75  -0.51 -0.98
V-TiO, (6cM)  2.76  0.38 3.97 0.56 1.14 1.15  -0.38 -0.84
V-TiO, (6cM)  3.40 1.02 4.56 0.54 1.14 1.15  -0.38 -0.87
V-TiO, (6cM) 346 1.12 4.63 0.52 1.11 1.11 -0.37 -0.94
Nb-TiO; (5¢cM)  1.38  -0.08 3.39 0.51 0.44 0.76  -1.31 -1.31
Nb-TiO; (5¢cM)  2.14  0.23 3.74 0.52 0.52 0.67  -0.52 -0.99
Nb-TiO, (6¢cM) 2.33  0.10 3.61 0.52 0.37 1.00  -1.12 -1.12
Nb-TiO; (6cM)  2.38  0.05 3.59 0.54 0.60 .13 -0.60 -1.17
Nb-TiO, (6cM) 2.69  0.29 3.80 0.54 1.17 .19  -0.39 -0.93
Ta-TiO, (5cM) 1.50 -0.51 3.04 0.55 0.58 0.78  -1.74 -1.74
Ta-TiO, (5¢cM) 1.86 -0.02  3.52 0.54 0.42 0.65 -1.25 -1.25
Ta-TiO, (6cM)  2.33  0.07 3.60 0.53 0.38 .02  -1.15 -1.15
Ta-TiO, (6¢cM)  2.17  -0.35 3.37 0.63 0.80 1.31  -0.80 -1.58
Ta-TiO, (6cM)  2.55 0.13 3.64 0.53 0.62 1.20  -0.62 -1.10
Cr-TiO, (5¢cM) 243  1.85 4.87 0.28 0.92 1.20  -0.92 -1.18
Cr-TiO; (5cM) 3.44  1.61 5.14 0.53 0.48 0.59  -1.45 -1.45
Cr-TiO, (6cM) 291  1.23 4.76 0.53 0.36 0.61 -1.07 -1.07
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Cr-TiO, (6cM) 414  1.72 5.23 0.52 0.84 120 -0.84 -1.54
Cr-TiO; (6cM)  3.84  1.56 5.04 0.51 0.69 1.05  -0.69 -1.35
Mo-TiO, (5¢cM) 049  0.42 3.72 0.42 2.00 1.99  -0.67 -1.17
Mo-TiO; (5cM) 1.46  0.61 4.16 0.54 1.46 145  -0.49 -0.61
Mo-TiO, (6cM) 0.86  0.28 3.83 0.54 1.74 1.73  -0.58 -0.94
Mo-TiO; (6cM) 2.18  0.62 4.17 0.54 0.54 0.74  -0.54 -0.60
Mo-TiO, (6cM) 235  0.58 4.10 0.53 0.53 053  -0.53 -0.64
W-TiO, (5cM) -0.33  -0.23 3.16 0.47 1.39 226  -1.40 -1.46
W-TiO; (5cM) 042  0.34 3.90 0.55 2.25 225  -0.75 -1.16
W-TiO, (6¢cM)  0.26  0.05 3.50 0.49 1.10 201 -1.10 -1.17
W-TiO, (6¢cM) 1.16  0.05 3.60 0.55 0.65 120  -0.65 -1.17
W-TiO, (6¢cM) 146  0.21 3.71 0.52 0.52 1.00  -0.52 -1.01
Mn-TiO, (5¢cM) 338  1.92 4.82 0.22 0.38 0.69 -1.13 -1.13
Mn-TiO, (5cM) 4.22  2.06 5.07 0.27 0.88 092  -0.88 -1.38
Mn-TiO, (6cM) 420 1.94 5.09 0.34 0.87 1.03  -0.87 -1.40
Mn-TiO, (6cM) 4.50  2.01 5.07 0.29 1.02 .25  -1.02 -1.38
Mn-TiO, (6cM) 4.48  2.01 5.10 0.31 1.01 1.24  -1.01 -1.41
Fe-TiO, (5cM) 373 2.10 4.95 0.19 0.63 0.88  -0.63 -1.26
Fe-TiO, (5cM) 431  2.16 5.10 0.24 0.93 093  -0.93 -1.41
Fe-TiO, (6cM) 3.81  1.55 5.06 0.48 0.67 1.03  -1.37 -1.37
Fe-TiO, (6cM) 398  1.55 5.06 0.52 0.76 1.20  -0.76 -1.37
Fe-TiO, (5cM) 3.88  1.50 4.94 0.49 0.71 .16  -0.71 -1.25
Ru-TiO; (5¢cM) 2.15  1.05 4.19 0.34 0.81 0.80  -0.27 -0.50
Ru-TiO; (5¢M) 355  1.73 5.12 0.46 0.48 0.58  -1.43 -1.43
Ru-TiO, (6¢cM) 298  0.49 4.53 0.79 0.79 126  -0.79 -0.84
Ru-TiO, (6cM) 3.83  1.42 4.96 0.54 0.69 1.19  -0.69 -1.27
Ru-TiO; (6¢cM) 390 147 4.95 0.51 0.72 120  -0.72 -1.26
Ir-TiO, (5¢cM)  1.81  0.61 3.68 0.30 0.32 0.63  -0.33 -0.61
Ir-TiO, (5¢cM) 345  1.75 4.68 0.23 0.45 0.53  -0.50 -0.99
Ir-TiO, (6cM)  2.72  1.13 4.64 0.52 0.52 0.67  -0.52 -0.95
Ir-TiO, (6cM)  3.78  1.44 4.94 0.52 0.65 1.11 -0.66 -1.25
Ir-TiO, (6cM)  3.64 1.35 4.86 0.52 0.59 1.06  -0.59 -1.17
Ni-TiO, (5cM)  4.55  2.03 4.80 0.15 1.04 129  -1.04 -1.10
Ni-TiO, (5cM)  4.59  2.08 5.12 0.14 1.06 1.28  -1.06 -1.43
Ni-TiO, (6cM)  4.27  2.03 5.31 0.41 0.90 1.01 -0.90 -1.62
Ni-TiO, (6cM)  4.57  2.08 5.08 0.27 1.05 .25 -1.05 -1.39
Ni-TiO, (6cM) 447  2.04 5.06 0.28 1.00 1.19  -1.00 -1.37
Porphyrins
Cr-H 0.85 0.26 3.53 0.40 0.81 145  -0.81 -0.97
Cr-F 1.00  0.38 3.63 0.39 0.73 140  -0.73 -0.85
Cr-OH 0.76  0.22 3.49 0.40 0.85 1.50  -0.85 -1.01
Cr-CH; 0.61  0.18 3.33 0.35 0.92 149  -092 -1.05
Cr-BH, 094 036 3.58 0.38 0.76 141  -0.76 -0.87
Cr-NH, 0.60 0.10 3.33 0.38 0.92 149  -0.93 -1.13
Mn-H 093  0.27 3.53 0.39 0.76 1.36  -0.76 -0.96
Mn-F 1.13 046 3.70 0.39 1.34 134  -0.45 -0.77



Mn-OH 0.74  0.23 3.51 0.41 0.86 1.54  -0.86 -1.01
Mn-CH; 0.74  0.18 3.39 0.37 0.86 1.41 -0.86 -1.05
Mn-BH, 1.41 0.75 3.94 0.37 1.30 1.30 -0.43 -0.56
Mn-NH, 0.46 -0.05 3.18 0.38 1.00 1.49  -1.00 -1.28
Fe-H 1.19  0.63 3.77 0.34 1.36 1.36 -0.45 -0.67

Fe-F 1.37  0.68 3.85 0.36 1.26 1.26 -0.42 -0.55
Fe-OH 1.07 0.48 3.62 0.34 0.69 1.31 -0.69 -0.75
Fe-CH; 1.10  0.57 3.73 0.35 1.39 1.39  -0.46 -0.70
Fe-BH, 1.51 0.88 4.09 0.38 1.35 1.35 -0.45 -0.59
Fe-NH, 0.89 0.34 3.45 0.32 0.78 1.32  -0.78 -0.89
Co-H 230  1.21 4.09 0.21 0.56 0.56 -0.19 -0.40

Co-F 1.97 1.04 4.09 0.29 0.89 0.89  -0.30 -0.40
Co-OH 1.65 0.88 3.95 0.31 1.07 1.07  -0.36 -0.46
Co-CH; 2.14  1.00 4.07 0.30 0.69 0.69 -0.23 -0.38
Co-BH, 247 124 4.29 0.29 0.20 0.58 -0.60 -0.60
Co-NH, 1.26  0.77 3.86 0.31 1.37 1.37  -0.46 -0.74
Ni-H 3.66 1.82 4.85 0.28 0.60 0.61 -0.60 -1.16

Ni-F 343 1.85 4.93 0.31 0.41 0.62 -1.25 -1.25
Ni-OH 3.21 1.58 4.78 0.37 0.37 040 -1.10 -1.10
Ni-CH; 382 1.84 4.60 0.15 0.68 0.75 -0.68 -0.91
Ni-BH, 3.85 1.93 4.78 0.20 0.70 0.70  -0.70 -1.10
Ni-NH, 3.10 132 4.46 0.34 0.26 0.55 -0.77 -0.77
Cu-H 412 2.07 5.07 0.27 0.83 0.84 -0.83 -1.38

Cu-F 4.15 2.04 5.01 0.25 0.85 0.88 -0.85 -1.33
Cu-OH 3.69 1.62 4.94 0.43 0.42 0.84  -1.25 -1.25
Cu-CHj; 376  1.83 4.89 0.30 0.65 0.69  -0.65 -1.20
Cu-BH, 4.61 1.78 4.99 0.37 1.07 1.61 -1.08 -1.30
Cu-NH, 2.69 092 4.48 0.55 0.55 0.56  -0.55 -0.80

SrMO;

SrScO; 523 238 5.21 0.18 1.38 1.61 -1.39 -1.52
SrTiO; 3.91 1.61 4.90 0.42 0.72 1.07  -0.73 -1.22
SrvO, -0.07 0.13 3.35 0.38 1.26 219  -1.27 -1.43
SrCrO; 0.92 0.75 3.99 0.39 1.84 1.84  -0.61 -1.06
SrMnO; 229 121 4.41 0.37 0.88 0.88 -0.29 -0.72
SrFeO; 2.98 1.67 4.70 0.28 0.33 047  -1.00 -1.00
SrCo0O; 3.00 154 4.44 0.22 0.25 0.31 -0.76 -0.76
SrNiO; 3.84 217 4.92 0.15 0.69 094  -0.69 -1.24
SrCu0; 475 232 5.31 0.26 1.14 1.19  -1.15 -1.62
SrZnO; 5.16  2.56 5.40 0.19 1.35 1.37 -1.35 -1.72
SrGeO; 444 1.74 5.22 0.51 0.99 147  -0.99 -1.53
SrRuO; 226 1.11 4.09 0.26 0.59 0.59  -0.20 -0.40

LaMO;

LaScO; 480 1.82 4.88 0.30 1.17 1.75 -1.17 -1.19
LaTiO; -1.82  -1.16 2.23 0.46 2.14 2.82 -2.14 -2.39
LaVO; -0.74  -0.22 2.95 0.36 1.60 2.48 -1.60 -1.75
LaCrO; 0.69  0.56 3.69 0.33 1.76 1.76  -0.59 -1.10



LaMnO; 1.39  0.65 3.85 0.37 1.23 124  -0.41 -0.58
LaFeO; 2.74 1.25 4.55 0.42 0.29 0.57 -0.86 -0.86
LaCoO; 222 149 4.50 0.27 0.66 1.05  -0.66 -0.81
LaNiO; 3.09 154 4.61 0.30 0.31 032 -0.93 -0.92
LaCuO; 492 242 5.39 0.26 1.23 127 -1.23 -1.70
LaZnO; 518 248 5.27 0.17 1.36 147  -1.36 -1.58
LaGaO; 488 1.95 5.02 0.30 1.21 1.70  -1.21 -1.33
LaRuOs 1.87  0.74 3.74 0.27 0.64 0.64 -0.21 -0.49
MO
CaO 538 232 5.04 0.13 1.46 1.82  -1.46 -1.57
ScO -0.90 -1.52 1.98 0.52 1.69 1.70  -1.68 -2.75
TiO -1.61 -1.05 232 0.46 2.03 271 -2.04 -2.28
VO -0.94  -0.71 2.56 0.41 1.70 227  -1.70 -1.94
CrO 022 -0.13 290 0.29 1.12 144  -1.12 -1.36
MnO 142 042 3.66 0.39 0.52 1.01  -0.52 -0.81
FeO 1.76 ~ 0.38 3.75 0.45 0.45 0.76  -0.45 -0.85
CoO 1.98  0.78 3.92 0.34 0.71 071  -0.24 -0.45
NiO 249 1.03 4.12 0.31 0.31 040 -0.31 -0.43
CuO 393 2.00 4.75 0.14 0.74 077  -0.74 -1.06
FGMs

Cr 0.89 035 3.60 0.40 0.78 149  -0.78 -0.88
Mn 1.89  0.88 4.08 0.37 0.95 096  -0.32 -0.39
Fe 211  1.03 4.11 0.30 0.76 0.76  -0.25 -0.42
Co 293 122 4.11 0.21 0.48 048  -0.16 -0.42
Ni 416 2.14 491 0.15 0.85 092  -0.85 -1.22
Cu 452 231 5.11 0.17 1.03 1.08  -1.03 -1.42
Ru .72 0.58 3.63 0.30 0.37 0.68 -0.37 -0.65
Rh 2.84 1.23 4.19 0.25 0.17 037 -0.51 -0.50
Pd 4.65 2.50 5.08 0.05 1.09 1.28  -1.10 -1.39
Ag 477  2.52 5.12 0.07 1.16 1.30 -1.16 -1.43
Ir 241 1.24 4.26 0.28 0.32 0.61  -0.32 -0.57

Pt 4.61 242 5.11 0.11 1.08 1.19  -1.08 -1.42
Au 4.84 2.62 5.11 0.01 1.19 140  -1.19 -1.42

BaNiO,

BaNiO; 3.88  1.87 4.99 0.33 0.71 0.78  -0.71 -1.30
BaNiOs-d1 354 193 5.00 0.31 0.44 0.70  -1.31 -1.31
BaNiO;-d2 394 1.78 5.15 0.46 0.74 093 -0.74 -1.46

BaNiO, 346 1.85 4.78 0.24 0.36 062 -1.09 -1.09

SryNa,RuO3
SrssNajsRuO;  3.16  1.56 443 0.21 0.25 037 -0.74 -0.74
SreisNaysRuO; 331 1.59 4.76 0.36 0.36 049  -1.07 -1.07
Sr7RugOy4 338 1.58 5.02 0.49 0.44 0.58  -1.33 -1.33
SrgNa;RugO,4  3.44  1.62 4.79 0.36 0.37 0.58  -1.10 -1.10
SrsNaRugO,4  2.66  0.94 4.34 0.47 0.47 049  -047 -0.65
LSNMR
Mn @ LSNMR  3.12  0.96 4.08 0.33 0.93 093  -0.31 -0.39



Ni @ LSNMR  3.71 1.47 4.41 0.24 0.63 1.01 -0.63 -0.72
Ru@LSNMR 227  0.54 3.89 0.45 0.45 0.50  -0.45 -0.69

MO,

IrO, 1.65 0.29 3.45 0.35 0.31 0.57 -0.94 -0.94
RuO, 272 135 4.35 0.27 0.22 040  -0.66 -0.66
MnO, 320 1.84 5.04 0.37 0.45 0.61 -1.35 -1.35
PtO, 235  1.21 4.22 0.28 0.64 0.64 -0.21 -0.53
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Figure S1. Adsorption energies of *OOH as a function of those of *OH. The least-squares linear fit (black
line) is provided together with a red, dashed line in which the slope is 1 and the offset is 3.20 eV. The grey
zone, which contains 76% of the data, spans over + 1.5 MAE around the black line, with MAE =0.17 eV.
MAE: mean absolute error. Values taken from references 1-10.
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Figure S2. Sum of the reaction energies of steps 2 and 3 (AG,.3) as a function of those of *OH. The black
line is the average of all values, namely 3.19 eV. The grey zone, which contains 91% of the data, spans
over + 1.5 STDEV around the black line, with STDEV = 0.26 ¢V. STDEV: standard deviation. A grey
zone spanning over + 1.25 STDEV around the black line would contain 78% of the data. STDEV:

standard deviation. Values taken from references 1-10.
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