Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2018

Supplemental info for
“Trends in adsorption of electrocatalytic water splitting

NN

intermediates on cubic ABOj3 oxides

Joseph H. Montoya Andrew D. Doyle Jens K. Ngrskov Aleksandra Vojvodic

1 Calculation details

The calculations performed herein used the Quantum Espresso! pwscf code for computational
of potential energies of both bulk and surface atomic configurations. These calculations use a
plane-wave electronic energy cutoff of 400 eV and a density cutoff of 4000 eV. 8x8x8 and 4x4x1
k-point meshes generated according to the Monkhorst-Pack? scheme were used for bulk and surface
calculations, respectively. Calculations were run non-spin-polarized and with a dipole correction.
Slab and adsorbate calculations used a 2x2x3 supercell relative to the 5-atom cubic bulk unit cell,
and only the atoms in the topmost layer, along with any adsorbates, were left unconstrained in
force optimization. Ionic relaxation to a maximum force of 0.05 eV/Awas conducted using the
LBFGS algorithm as implemented in the Atomic Simulation Environment.? As mentioned in the
main text, the RBPE* functional was used.

Bulk cubic ABO3 compounds were structurally optimized by fitting isotropic volume pertur-
bations to previously determined lattice constants to find the minimum potential energy lattice.
For projected density of states (PDOS) calculations, a non-self-consistent (NSCF) calculation was
conducted over a finer (8x8x1) k-point mesh.

2 Free energy corrections

The Gibbs free energy (AG) of the adsorbates presented in the main text are determined using
corrections enumerated in the Table 1. These include the heat-capacity corrections to the enthalpy,
the zero-point energy and the entropy. Corrections to the gas-phase Ho and liquid phase H2O are
made using the IdealGasThermo class in the ase.thermochemistry module using a temperature of
25° and pressures of 101325 Pa for Hy and 3540 Pa for HyO (the vapor pressure of water, which
defines the equilibrium between the gas and liquid phases). These corrections (totaled in the column
labeled AG.o are added to the electronic energy of the state to represent the total Gibbs free
energy of the state, which are then used to calculate the Gibbs free energy of reaction to form the
adsorbate from the slab and molecular precursors, e.g.

AGadsorption = AG adsorbate — AGsiab — TLAGHQO - mAGHga (1)

where n and m are the appropriate coefficients needed to balance the stoichiometry of the chemical
reaction for the formation of the adsorbate.
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[1584, 3587, 3696] 0.57 0.08 0.66 -0.01
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[228, 255, 732] 0.08 0.03 0.05 0.06
[225, 250, 285, 507, 596, 3659)] 0.34 0.05 0.08 0.31
[158, 222, 241, 289, 304, 331, 0.46 0.08 0.14 0.40

1065, 1359, 3466]




3 Oxygen evolution data

In this supplement, we include the data on oxygen evolution used to generate the figures in the
main text. Also included are all data which resulted in failed runs or that can be reconstructed
from scaling. Data not explicitly included in the figures are marked with letters in the “warning”
column indicating the cause of the failure of the run, which are enumerated below the table.

AGon (V) AGo (eV) AGoom (V) mnoer (V) AEpu (eV) warnings
Formula
YRhO3 0.80 2.30 3.77 0.26 0.90 None
BaRuOs3 0.50 1.96 3.46 0.27 0.42 None
BaRhOs3 0.66 2.19 3.52 0.30 0.60 None
MgRhO3 1.05 2.60 3.65 0.32 090 a
SclrO3 0.46 1.95 3.53 0.36 1.54 None
MglrOg 0.59 2.19 3.72 0.37 1.24 a
MgBaOj; 0.57 1.80 3.30 0.39 1.84 a,b
BaNiO3 0.61 2.24 3.74 0.39 0.66 a,b
KRuOg 1.23 2.86 4.16 0.40 0.62 None
ScRhOs3 0.83 2.47 3.88 0.41 1.10 a,b
NaRuO3 0.78 2.41 3.92 0.41 0.68 a
SrPtO3 0.99 2.65 3.75 0.43 0.84 a
AgRuOs 0.35 1.85 3.53 0.45 122 ab
ZrRuOj3 0.33 1.73 3.43 0.47 1.24 a
ZrFeOs 0.65 2.36 3.77 0.49 1.00 a
ScAsO; -0.26 1.46 3.21 0.52 122 ab
LaFeOs3 0.11 1.66 3.41 0.52 0.14 a
ZrInOg 0.27 1.70 3.46 0.53 0.86 a,b
ZrCaQs3 0.70 2.46 3.82 0.53 1.08 a,b
PbBiO3 0.27 1.70 3.46 0.53 0.60 a
BalrOs 0.84 2.12 3.89 0.54 0.62 None
InCuO3 0.26 1.67 3.45 0.55 1.02 ab
BaTeOs5 -0.27 1.40 3.19 0.56 022 b
NaLaOg 1.45 3.00 4.80 0.57 0.90 a,b
InGaOs 0.23 1.62 3.43 0.57 0.60 a,b
SrNiOj 0.64 2.46 3.80 0.59 0.64 a,b
SrlrOs 0.67 1.91 3.73 0.59 0.70 None
BaPtOg 1.12 2.94 3.99 0.60 0.78 None
Agl.aO3 0.85 2.69 3.93 0.61 1.38 a,b
SiNbOs3 0.18 1.53 3.39 0.62 1.04 a
PbScO3 0.18 1.53 3.38 0.62 0.60 a,b
SrMnOs 0.28 1.60 3.46 0.63 -0.10 a
SrTeOg -0.25 1.27 3.14 0.64 038 b
BelrOj3 1.65 3.08 4.95 0.64 1.56 None

Continued on next page




AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings
Formula
CaBOj 0.60 2.23 4.13 0.67 098 b
ZrMgQOsg -0.34 1.56 3.20 0.67 0.56 a,b
PbBaOs 0.89 2.78 3.96 0.67 1.06 a
CaMnOg 0.24 1.53 3.43 0.67 0.00 a
ZrNaQOg 0.91 2.82 3.98 0.68 1.30 a
SrRuOg 0.05 1.75 3.00 0.69 0.50 a
TIIrO3 0.94 2.86 4.01 0.69 1.12 a
YBOs3 0.54 2.48 3.13 0.70 0.70 b
ScRuOg3 0.65 1.69 3.63 0.71 1.36 a
PbPbO3 0.08 1.36 3.31 0.72 0.72 a,b
YGeOg -0.31 1.65 3.20 0.73 0.64 b
PblrOg3 -0.26 1.70 3.26 0.74 0.92 a,b
TITiO3 0.17 1.39 3.37 0.75 0.40 a,b
HglrOs 1.01 2.99 4.06 0.75 1.36 a
SrRhOg -0.04 1.93 2.93 0.76 0.68 None
NaPtO3 1.32 3.32 4.43 0.77 1.18 a,b
PdIrOg 1.03 3.03 4.08 0.77 1.64 a
NalrOg 0.13 1.31 3.33 0.79 0.84 a
CaBiOj3 0.73 2.75 3.90 0.79 0.68 a
ZrReO3 -0.01 1.21 3.24 0.80 1.20 a
LaCoOg 0.40 2.43 3.51 0.80 0.30 None
SrSbO3 -0.69 1.26 2.88 0.81 0.18 None
YNiOg 1.27 3.35 3.62 0.84 0.64 None
HfNiOg3 1.12 3.19 4.15 0.85 1.26 a
CaNiOg 0.33 2.41 3.66 0.85 0.74 a,b
CaPtOg3 -0.09 1.07 3.17 0.87 1.06 ab
SrPdOg3 1.30 3.40 3.82 0.87 0.96 None
LaNiOg 1.39 3.50 4.47 0.88 0.36 None
ScNiOg 1.29 3.39 4.26 0.88 094 a
BaPdOg; 1.39 3.54 4.15 0.92 0.80 None
SiTaOg -0.13 0.98 3.13 0.92 0.84 a
YPdO3 -0.09 2.07 2.78 0.92 1.02 b
KTeOg -0.16 0.98 3.12 0.92 0.38 a,b
BaGeOg 0.44 2.55 2.76 0.93 0.02 b
PbPtOg 0.53 2.70 3.81 0.94 1.06 a,b
NaNbOs -0.60 0.71 2.90 0.97 -0.32 None
SbNiOs3 1.27 3.48 4.28 0.98 0.76 a
InPdOg -1.20 1.01 2.73 0.98 1.14 ab
CdNiOg3 1.27 3.49 4.28 0.99 1.06 a
BiNiOj 1.27 3.49 4.28 0.99 0.72 a
PbTiOg 1.19 3.42 4.44 1.00 0.06 None
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AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings
Formula
SnNiOg 1.30 3.53 4.30 1.01 0.80 a
TINiOs3 1.31 3.55 4.31 1.02 1.14 a
AuNiOg 1.32 3.58 4.32 1.03 1.72 a
AgSbOg 0.40 2.67 4.26 1.04 0.76 a
SrBiO3 0.65 2.93 3.56 1.05 0.42 None
LaRhOg -0.39 1.82 2.64 1.05 0.68 None
ZrIrOs 1.38 3.66 4.39 1.06 1.46 a
SrBOg 0.82 1.99 4.28 1.06 0.96 b
AlIBOj3 2.30 4.56 5.27 1.07 1.22 None
BaSbOg -0.99 1.31 2.61 1.08 0.04 None
ScSrO3 1.16 3.48 4.39 1.09 1.30 a
PbCoOj3 -0.32 0.65 2.98 1.09 0.74 ab
NaTeOg 0.18 2.55 3.63 1.13 048 b
ScPdOg 1.35 3.72 4.36 1.14 1.54 a
PbBO; -0.37 0.57 2.94 1.14 122 ab
YScOs3 -0.19 1.89 2.55 1.14 034 b
KNbOg3 -0.65 0.50 2.88 1.15 -0.42 None
LaPtOs3 0.45 2.84 3.39 1.16 0.84 None
ScBO;3 1.25 2.55 4.95 1.16 0.84 b
CaTiOs3 1.44 3.84 4.70 1.17 -0.12 None
CaSbOg3 -0.55 1.43 2.52 1.17 0.38 b
BaAuOs 2.01 4.42 4.83 1.18 1.02 None
BaBiOj 0.69 3.10 3.88 1.18 0.28 None
SrTiO3 1.27 3.68 4.49 1.18 -0.24 None
ZrRhOg3 -0.45 0.52 2.94 1.19 1.64 a
ZrMoQOs -0.43 0.47 2.89 1.19 0.88 a,b
MgPdOg 1.52 3.95 3.50 1.21 1.10 ¢
LaPdOg; 0.96 3.42 3.78 1.23 0.72 None
PbRhOj3 -0.87 1.57 2.46 1.23 090 b
CaCuOg 2.03 4.51 5.01 1.25 0.96 None
LiNbOj3 -0.77 0.27 2.76 1.26 -0.06 b
LiVOg -0.36 2.13 4.22 1.26 0.18 b
SrAuOs 1.87 4.37 4.73 1.27 1.12 None
LaGeOg -0.81 0.20 2.71 1.27 0.28 b
NaVOs -0.11 2.39 4.51 1.27 0.10 b
PbNiOg 1.13 3.63 4.25 1.27 0.88 a
PbAlO;3 1.53 4.04 4.61 1.28 0.52 a
AlTiO3 -0.34 0.42 2.95 1.29 0.54 a
AgTeOg3 -0.53 -0.12 2.40 1.29 1.02 ab
NaTiOgz 2.47 4.99 5.14 1.29 0.18 None
KHgOs3 2.30 4.83 4.99 1.30 1.44 a
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AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings
Formula
KOsOs3 -0.15 0.49 3.02 1.30 0.50 None
BaCuOj3 2.06 4.60 4.99 1.30 0.82 None
ScCuOg 1.95 4.47 4.77 1.30 1.18 a
KTiOg 2.30 4.83 4.97 1.30 0.16 None
KTaOs3 -1.15 0.05 2.38 1.31 -0.64 None
LiSiOg 2.16 4.70 5.11 1.31 0.54 None
AgNbOg -0.59 0.39 2.93 1.31 0.20 None
LaCuOj3 2.05 4.59 4.76 1.31 0.54 None
BaBOs 0.86 1.77 4.32 1.32 1.02 b
PbSbOs3 -0.56 0.23 2.78 1.32 044 a
YCaOg 1.68 4.26 4.62 1.35 094 a
BaTiOs3 0.98 3.58 4.21 1.36 -0.26  None
CaRhOj3 -1.74 0.17 2.33 1.36 0.82 ab
BaHgOs3 2.18 4.78 5.29 1.37 0.96 None
NaSbOg 0.59 3.19 4.12 1.37 0.20 None
NaOsOs -0.38 0.17 2.79 1.38 0.54 None
CalrOg -0.82 0.10 2.31 1.38 0.82 b
BaAgOs 2.26 4.88 5.23 1.39 1.04 None
SrHgO3 2.13 4.76 5.27 1.39 1.12 None
KSbOg 0.86 3.49 4.39 1.40 0.16 None
SrCrOs -0.21 0.48 3.11 1.40 -0.16 a
SrAgOs; 2.15 4.78 4.84 1.40 1.16 None
KBiOj3 1.85 4.51 5.05 1.43 0.56 None
GeTiOg -0.47 0.17 2.84 1.43 0.20 a,b
NaTaOs3 -1.24 -0.04 2.26 1.43 -0.58 None
SrPbOg 1.54 4.21 4.74 1.44 0.54 None
MgYOs3 2.65 5.34 5.19 1.46 1.16 None
Ca0sO3 -0.34 0.29 2.98 1.46 0.70 a
BaMnOj -0.74 -0.19 2.51 1.47 -0.08 a,b
BaZnOg 2.38 5.09 5.14 1.48 0.66 None
Ba0sOs3 -0.94 -0.43 2.28 1.48 0.46 a
BaTlOs3 2.05 4.77 5.02 1.49 0.74 None
SrT103 2.03 4.75 5.06 1.49 0.88 None
SrZnO3 241 5.13 5.15 1.49 0.74 None
SiWOs3 -0.74 -0.08 2.64 1.49 1.30 a
LiGeOs3 2.06 4.79 5.04 1.49 0.60 a
MgScOs3 2.73 5.36 5.23 1.50 0.90 None
BaPbOs 1.73 4.46 4.89 1.50 0.40 None
LiPbOg 2.33 5.07 5.10 1.51 1.28 b
LiSbOj3 -0.61 2.13 2.95 1.51 0.44 b
SrAlO; 2.15 4.90 4.83 1.53 0.22 None
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AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings
Formula
KPbOj3 2.14 4.89 5.12 1.53 0.82 None
SrGeOg 1.11 3.87 4.53 1.53 0.16 None
CaAlO3 2.24 5.00 4.92 1.53 0.30 None
LiTiOg3 2.77 5.32 5.16 1.54 0.40 None
AlLiO3 1.34 2.63 5.39 1.54 208 b
KCdOs3 2.61 9.39 5.24 1.54 1.28 a
CaGeO3 1.09 3.87 4.31 1.55 0.16 None
LaZnOs3 2.37 5.16 5.10 1.55 0.44 None
KSnO3 1.79 4.57 4.82 1.55 0.34 None
LiSnOg3 2.32 5.10 5.00 1.55 0.72 None
BaCdOs 2.44 5.22 5.20 1.55 0.78 None
LiTaOj3 -1.92 -0.57 2.22 1.56 -0.32 b
LaAsOg3 -1.11 0.43 2.13 1.56 044 b
NaAsOg3 -0.69 0.36 2.12 1.57 052 b
KCuOs3 2.07 4.88 4.93 1.57 1.30 a
LalrOs -0.88 0.25 2.12 1.57 0.7 b
InReOg3 -0.75 -0.61 2.12 1.57 0.46 a
AIRhO3 -1.03 0.37 2.11 1.58 1.42
BaGaOs 2.15 4.97 4.95 1.59 0.20 None
SrCdOs 2.26 5.09 5.14 1.59 0.92 None
PbPdO; 0.64 3.46 4.02 1.59 1.14 a
YCuOs 1.72 4.55 4.75 1.59 0.82 None
PbHgO3 1.96 4.79 4.85 1.60 1.38 a
CaSiOg3 0.61 3.44 4.09 1.60 0.10 None
SrGaOg 2.21 5.04 4.98 1.60 0.26 None
BaSnOs 1.35 4.19 4.59 1.60 -0.08 None
KZrO3 2.22 5.06 5.02 1.61 0.12 None
ScOsO3 -0.64 -0.14 2.70 1.61 1.48 a
LiZrOs3 2.61 5.45 5.07 1.61 0.50 None
SrSnOj3 1.22 4.06 4.49 1.62 0.00 None
CaAuOs 1.45 4.29 4.33 1.62 1.26 None
KHfOg3 2.15 5.00 4.96 1.62 0.12 None
LiHfOs5 2.50 5.35 5.06 1.62 0.52 None
CaZnOg 2.21 5.08 5.17 1.63 0.88 a
HgNiOj3 -0.65 -0.17 2.69 1.63 1.40 a,b
SrZrOs 1.30 4.16 4.54 1.63 -0.18 None
CaGaOs 2.20 5.06 5.00 1.63 0.40 None
LaTlO; -0.71 2.13 2.06 1.63 0.70 b
BaZrO; 1.36 4.23 4.57 1.64 -0.28 None
NaSnOs; 1.78 4.66 4.88 1.65 0.44 None
CaTeOg3 -1.68 0.10 2.04 1.65 0.60 b
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AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings
Formula
NaZrOg 2.19 5.07 5.03 1.66 0.24 None
MgAlOs3 2.04 4.95 4.91 1.67 0.54 None
NaHfOg 2.13 5.03 4.98 1.67 0.24 None
CaAgOs 1.79 4.69 4.54 1.67 1.30 None
LaAgOs 1.77 4.68 4.45 1.68 0.96 b
BalnOg 2.03 4.94 4.91 1.69 0.28 None
PbAuOj3 1.50 4.42 4.58 1.69 1.34 ab
BaScOs3 2.25 5.18 4.97 1.70 0.22 None
LaGaOg 1.98 4.91 4.92 1.70 -0.04 None
YAIO3 1.93 4.85 4.79 1.70 0.14 None
LaAlOs 2.00 4.93 4.80 1.70 -0.10 None
YCdOs -0.17 2.77 2.73 1.70 1.24 b
BaHfOg3 1.32 4.25 4.52 1.70 -0.26 None
SrHfO3 1.24 4.18 4.47 1.71 -0.16 None
LiTeOs -0.49 2.44 2.64 1.71 0.74 b
SrInO3 1.88 4.82 4.83 1.71 0.44 None
AgTaOg -0.99 -0.52 2.43 1.73 -0.04 a
SrScOj3 2.18 5.14 4.93 1.73 0.34 None
LaAuOg 1.21 4.17 4.11 1.73 1.10 b
CaYOgs 1.50 4.46 4.55 1.74 0.58 None
CaScO3 2.00 4.96 4.84 1.74 0.52 None
CaCrOs -0.02 0.46 3.44 1.74 -0.04 a
SrYOs 1.58 4.55 4.57 1.74 0.46 None
BaYOs 1.80 4.78 4.75 1.75 0.32 None
LiBiOg -0.29 2.70 3.05 1.76 1.00 b
YGaOs 1.26 4.26 4.29 1.76 030 b
PbZrOs 0.85 3.84 4.18 1.76 0.08 a
PbLaOj3 -2.58 -0.06 1.93 1.76 0.84 ab
LaScOg 1.65 4.64 4.44 1.76 0.08 None
YCoOg -0.79 2.21 3.16 1.77 0.60 a,b
ScGaOs -1.65 1.35 2.62 1.78 042 ab
ScZnOs3 -0.79 -0.43 2.57 1.78 0.92 ab
ScTl1O0g3 2.20 5.22 5.16 1.79 1.76 a
Ag0OsOs3 -1.28 0.35 1.89 1.80 1.10 b
CaHfOg3 0.76 3.81 3.95 1.82 0.02 b
PbH{O3 0.93 3.99 4.25 1.83 0.10 a
LaMgOs3 2.19 5.25 4.86 1.83 0.34 None
GaNbO3 -1.03 -0.63 2.44 1.84 0.08 a
CaZrOs3 0.66 3.72 3.77 1.84 0.02 b
PbSnOg 0.85 3.92 4.12 1.84 0.28 b
NaBiOs3 0.92 4.02 4.25 1.86 0.72 ab
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AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings
Formula
InAlOg3 0.33 3.42 3.44 1.86 0.46 b
NaYOs3 2.01 5.11 4.81 1.87 0.86 a
NaZnOg 2.47 5.58 5.26 1.88 1.22 a
SrOsOj3 -1.35 -0.92 1.81 1.88 0.54 a
CaHgOs3 1.57 4.70 4.83 1.89 1.32 b
InTiOg3 -2.33 -1.22 1.79 1.90 0.24 ab
AgZrOs; -2.83 -0.40 1.76 1.93 0.72 a,b
CaVOs; 0.00 -0.22 2.95 1.94 -0.14 a
KMoOs3 -0.18 -0.13 3.05 1.95 -0.22 None
AgPtOg -1.22 -0.93 2.24 1.95 1.70 ab
NaScOg3 2.19 5.38 4.99 1.96 0.76 a
GaTaOg -1.35 -0.97 2.24 1.98 -0.04 a
NaAuOs 1.24 4.50 4.49 2.03 154 ab
GaMoOg -0.29 -0.49 2.78 2.03 0.30 a
GaBO; 3.28 3.21 5.04 2.05 114 ab
InBaOj3 -2.53 -1.52 1.64 2.05 1.60 a,b
NaMoOs -0.28 -0.31 2.96 2.05 -0.14 None
Y7ZnOs 1.74 5.03 4.54 2.06 0.76 None
CaRuOg -1.24 -0.10 1.62 2.07 0.66 a,b
CaSnOg 0.36 3.65 3.64 2.07 0.16 b
PbGeOs3 -1.35 -1.15 2.14 2.07 0.30 a,b
LaRuOg -1.62 0.93 1.61 2.08 0.64 b
PbVO3 -0.39 -0.63 2.71 2.11 0.04 a
MgTiOg -2.15 0.22 1.58 2.11 0.02 b
ScAlOs 0.70 4.07 3.80 2.14 0.44 None
BaAlOj3 2.05 1.42 4.78 2.14 0.26
CalnOs; 1.24 4.62 4.31 2.15 064 b
AlAlO3 -1.12 1.45 1.53 2.16 1.14 b
BaMoOs; -0.54 -0.72 2.66 2.16 -0.20 None
InMoOg -0.25 -0.46 2.95 2.18 0.26 None
SrvOs3 -0.19 -0.32 3.10 2.19 -0.26 None
SrMoQOg -0.66 -0.88 2.55 2.20 -0.12 None
AgMoO3 -0.27 -0.48 2.95 2.20 0.40 None
SiBeOg 2.92 6.38 5.63 2.22 2.06 a,b
PbYOs4 1,51 -1.45 2.01 2.22 0.60 a,b
ScAgOg -3.10 -1.26 1.46 2.23 1.48 ab
NaPbOs 1.05 451 4.41 2.24 1.00 ab
LaBaOg -1.00 -1.12 2.35 2.24 1.38 a,b
CaTlO3 1.05 4.53 4.14 2.25 1.12 b
LiMoOs3 0.04 -0.77 2.72 2.26 0.10 b
BaSiOg -2.68 -1.99 1.43 2.26 0.26 b
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AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings
Formula
LaVOs; -1.25 -1.30 2.19 2.27 -0.10 a
InOsOg3 -3.37 0.13 1.66 2.27 0.92 ab
NaCrOg -1.00 -1.17 2.34 2.28 0.06 a,b
LaCdOs 1.42 4.96 4.20 2.31 0.78 b
BaVOs; -0.58 -0.79 2.76 2.32 -0.30 None
PbMoOj; -0.73 -1.09 2.47 2.32 0.18 a
ScCrOs3 -1.62 -1.64 1.92 2.33 0.28 a,b
AgBiOg -1.64 -1.67 1.91 2.34 1.22 ab
YPtOs3 -0.75 2.83 2.38 2.35 1.14 b
ScSiO3 -0.55 -0.41 3.21 2.39 0.74 None
BaCrOs -1.65 -0.82 1.27 2.42 -0.14 a,b
InNbOj3 -1.11 -1.29 2.39 2.44 0.06 None
YSnO3 -4.59 -1.60 1.24 2.45 0.88 b
InZrOs -3.22 -2.04 1.24 2.45 0.34 a,b
LiLaOs -2.71 -2.31 1.39 2.47 1.22 ab
ZrOsO3 -4.12 -0.54 1.20 2.49 1.44 ab
InPtOg -1.80 -1.96 1.77 2.50 1.16 ab
KWOs3 -1.20 -1.63 2.12 2.52 -0.32 None
InTaOg -1.35 -1.58 2.17 2.52 -0.16 None
PbCuOg 0.77 4.54 4.31 2.54 1.10 a,b
CaReOs3 -1.67 -1.85 1.92 2.54 032 a
LaReOg -1.04 -1.57 2.23 2.58 0.56 a
NaWO3 -1.33 -1.85 2.00 2.62 -0.26 None
BiTiOg3 -1.61 -2.00 1.89 2.66 042 a
InWOs3 -1.19 -1.76 2.13 2.66 0.18 a
LaTiOj3 -1.33 -1.86 2.06 2.68 0.02 None
ZrBeOg -3.96 -1.74 1.01 2.68 0.58 a,b
LaBiOg3 -0.92 3.01 1.99 2.70 0.82 b
TeNiOs3 -1.68 -2.12 1.84 2.73 1.28 a,b
AgWO3 -1.22 -1.86 2.11 2.73 0.30 None
GaWOg3 -1.24 -1.90 2.08 2.75 0.20 a
PbWO3 -1.98 -2.29 1.69 2.75 0.22 a
BaLaOg -0.29 3.70 3.12 2.76 0.40 b
BaNbOg -1.28 -1.91 2.09 2.77 -0.34 None
LalnOj3 0.16 4.20 3.24 2.81 0.20 b
SrNbOg -1.43 -2.13 1.92 2.82 -0.24 None
GaAsOg -3.92 -2.54 0.85 2.84 0.94 ab
PbGaOg -2.16 -2.60 1.47 2.84 0.52 a,b
YTiO3 -1.71 -2.27 1.81 2.85 0.22 a
LaHfO5 -2.84 -2.96 0.83 2.86 0.16 None
YBiOj -4.11 -2.27 0.83 2.86 0.88 a,b

Continued on next page
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AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings
Formula
ScCaOs3 0.83 4.95 4.42 2.88 1.78 a,b
YAgOs 0.47 4.58 3.29 2.88 1.44 b
CaPbOs3 -0.40 3.75 2.72 2.93 0.68 b
PbNbO;3 -1.37 -2.21 1.96 2.94 0.04 a
YIrOs -2.15 -1.94 0.74 2.95 1.06 b
ZrAlO3 -3.56 0.07 0.74 2.95 0.50 b
PbReOg -2.30 -2.84 1.36 2.97 0.46 a,b
NaNiOj -1.91 -2.57 1.64 2.98 1.02 a,b
YMoOj3 -2.83 -3.04 1.18 2.99 0.68 a,b
YInOg -2.68 -0.23 0.70 2.99 048 b
SrSiOs -0.71 3.02 0.69 3.00 0.10 b
CaNbOg -1.54 -2.38 1.85 3.01 -0.06 a
AgSnO3 -2.37 -2.96 1.31 3.03 0.92 a,b
SrAsOj3 -2.00 -2.88 1.37 3.03 0.28 b
InNiOg -0.89 3.39 3.37 3.05 0.90 a,b
ScScOg -4.92 -1.69 0.63 3.06 0.56 a,b
KNiOg -2.01 -2.76 1.56 3.09 1.04 ab
InAuOs3 -4.63 -2.42 0.59 3.10 1.40 a,b
LaSnOg -2.92 0.89 0.55 3.14 0.46 b
InSbO3 -4.05 0.32 1.42 3.14 0.58 a,b
PbAgOg 0.43 4.83 4.23 3.17 1.36 ab
CaPdOg -1.53 1.38 0.48 3.21 1.00 a,b,c
LaHgOs3 0.24 4.68 4.01 3.21 1.12 b
PbTaOs3 -1.91 -2.83 1.61 3.21 0.18 a
LaSbhOg3 -2.66 1.83 1.15 3.26 0.64 b
YAuOs3 -0.37 4.15 2.84 3.28 1.56 b
YOsOg3 -0.51 0.02 4.55 3.30 1.08 b
YBaOg -2.26 -1.82 2.73 3.32 1.20 b
InScOs3 -2.69 -3.52 1.05 3.34 0.52 a,b
NaSiOg -1.95 0.27 4.86 3.36 0.38 b
PdNiO3 -2.28 -3.26 1.34 3.37 1.52 ab
ZrVOs3 -4.43 -4.03 0.31 3.38 0.78 a,b
KAsO;3 -4.22 -2.11 0.30 3.39 0.56 b
InRuO3 -2.76 -3.64 0.99 3.40 0.88 a,b
InRhO3 -2.78 -3.69 0.97 3.43 094 a,b
InHfOg4 -2.47 2.21 0.77 3.45 0.34 b
ScTiOg -2.38 -3.46 1.25 3.48 0.26 a,b
YZrOg -3.85 -4.22 0.51 3.50 0.54 a,b
LaLaOg -3.29 -0.98 0.17 3.52 044 b
InlrO3 -1.79 2.96 2.92 3.52 1.02 a,b
LaYOg -0.88 3.87 2.14 3.52 0.26 b

Continued on next page
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AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings

Formula

InCrOs3 -2.89 -3.87 0.88 3.93 0.26 a,b
ScCoOs3 -2.63 2.17 2.40 3.57 0.76 a,b
RuNiOg -2.47 -3.63 1.18 3.58 1.54 ab
LaPbOj -1.71 3.12 3.85 3.60 0.66 b
YSbOg -2.49 -3.66 1.17 3.60 1.08 a,b
GaOsOg -4.66 -4.82 0.05 3.64 0.98 a,b
PbAsOs -3.18 -4.39 0.65 3.80 0.56 a,b
YTIO3 -3.26 -0.60 -0.13 3.82 1.00 b
YRuOs3 -3.14 -2.00 -0.15 3.84 1.04 b
YHfOg3 -3.84 -2.84 -0.22 3.91 0.52 b
AlSiO3 -1.44 3.77 2.77 3.98 1.04 b
ScBeOg -5.48 -4.92 -0.30 3.99 0.96 a,b
YNbOg3 -3.38 -4.60 0.62 3.99 0.38 a,b
KGeOs3 -3.45 -4.99 0.23 3.99 0.42 ab
CaAsOs3 -1.60 -3.21 2.03 4.01 042 b
MgAuOs3 -0.97 4.28 2.78 4.02 1.38 b
ZrNiOg -2.07 3.23 2.86 4.06 1.08 a,b
ZrLiOg -5.56 -5.13 -0.38 4.07 0.98 a,b
YAsOj3 -3.28 2.10 0.42 4.14 0.74 b
AgSiO; -3.63 -5.33 0.07 4.17 0.98 a,b
SrLaOg -2.26 3.31 2.31 4.34 0.62 b
PbCdOg -3.81 -5.49 0.14 4.40 1.20 a,b
ZrCoOs3 -3.64 2.02 1.96 4.43 1.02 a,b
CaLaOg -1.57 2.56 -0.76 4.45 064 b
YYOg -4.41 -1.19 -0.80 4.49 0.56 b
InCoO3 -3.42 2.32 2.11 451 0.80 ab
GaPtOg -7.12 -4.32 -0.84 4.53 1.30 a,b
AgAsOg -3.95 -5.75 0.01 4.54 1.12 ab
MgNiOs3 -2.48 3.29 2.70 4.54 0.84 ab
BaAsOs3 -3.08 -3.79 2.00 4.56 022 b
VAVANOR -6.23 -6.12 -0.87 4.56 0.86 a,b
LaCrOg -0.27 -0.62 -0.91 4.60 -0.20 ¢
PbT103 -1.31 4.63 3.47 4.71 1.16 a,b
GaHfO3 -7.11 -5.29 -1.05 4.74 0.56 a,b
InAgOs3 -1.34 4.64 3.47 4.75 1.36 a,b
ZrNbOg -6.37 -6.79 -1.07 4.76 0.64 a,b
ScZrOg -5.56 -6.74 -0.73 4.78 0.34 a,b
InSnOs3 -4.16 1.86 1.71 4.79 0.46 a,b
InGeOg -5.09 0.97 1.14 4.84 0.46 a,b
TiBeOg -3.68 -5.93 0.18 4.88 0.82 a,b
MgBiOg -3.36 2.83 0.51 4.96 0.74 b

Continued on next page
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AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings

Formula

ZrCuOg -7.07 -0.87 -0.07 4.97 1.08 ab
PtNiO3 -3.81 -6.17 0.07 5.02 1.86 a,b
YPbOs -3.36 2.91 0.47 5.04 1.36 b
YSrOg -3.83 -6.22 0.05 5.04 1.08 a,b
ScHgOg -3.91 -6.37 -0.01 5.13 2.00 a,b
MgOsOg -1.29 -1.11 -1.45 5.14 1.06 b,c
KCrOg -4.61 -7.07 -0.69 5.16 0.08 a,b
NaReOg -3.27 -0.74 -1.51 5.20 -0.04 a,c
MgInOj3 -4.75 -7.87 -1.40 5.24 1.02 a,b
GeNiOg -4.05 -6.63 -0.13 5.28 0.98 a,b
MgCuOs -2.01 4.51 -0.66 5.29 1.08 b
MgZrOg -5.07 -2.90 -1.62 5.31 0.14 b
PbInOg -1.78 4.77 3.31 5.32 0.68 a,b
AgHfOg -2.14 4.43 3.09 5.34 0.72 ab
CaMoOsg -0.44 -1.48 -1.70 5.39 0.44 b.,c
InAsOg -4.55 2.09 0.54 5.40 0.82 b
InVO3; -4.87 -7.36 -0.73 5.40 0.20 a,b
MgPbOg -4.08 -7.63 -1.73 5.42 1.20 a,b
MgSiOg3 -1.82 1.73 -1.76 5.45 0.28 b
InTeOg3 -5.05 -7.68 -0.88 9.97 0.80 a,b
MgHfO3 -5.10 -8.63 -1.82 5.58 0.40 a,b
GaCrOs -5.14 -7.85 -0.95 5.66 0.32 ab
YSiOg -2.94 -3.99 2.91 5.66 072 b
MgT1Og3 -5.20 -8.13 -1.19 5.71 1.52 a,b
MgSbOs3 -5.19 -8.11 -1.18 5.71 0.72 ab
MgGeOs -4.65 2.38 1.71 5.80 0.34 b
YWOg3 -1.33 -1.48 -2.16 5.85 0.78 Db,c
HfTiOg -4.63 -7.74 -0.61 5.90 0.84 a,b
LiAsOg -3.26 3.89 1.03 5.92 0.72 b
MgSnOg -5.55 -8.62 -1.44 5.95 0.32 a,b
ScInOg -9.63 -6.10 -2.26 5.95 0.70 a,b
TiNiOs -4.69 -7.86 -0.66 5.97 1.04 ab
MgAsOs -5.53 -9.51 -2.30 5.99 0.76 a,b
NaGeOj3 -2.81 4.44 4.88 6.02 0.38 b
LaTeOg -5.42 -4.98 -2.36 6.05 0.82 b
GaTeOs -9.01 -7.79 -2.37 6.06 0.92 ab
GaSbOs3 -5.45 1.91 1.19 6.13 0.66 a,b
BaReOg -1.08 -1.43 -2.46 6.15 0.10 c
NbAlO3 -5.70 -8.83 -1.41 6.19 0.62 a,b
GaAlOs -8.23 -0.79 -0.53 6.21 0.78 a,b
CaCdOs 5.73 -8.88 11.43 6.22 114 ab

Continued on next page
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AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings
Formula
GaRuOs3 -5.73 -8.89 -1.44 6.22 1.06 a,b
AINDbO3 -9.52 -7.83 -2.59 6.28 0.84 a,b
MgHgOs 258 4.49 22,66 6.35 172 ab
YTeO3 -5.06 -8.56 -0.97 6.37 1.38 ab
MgGaOs -2.87 4.79 4.92 6.42 0.72 b
SrReOj3 -1.22 -1.59 -2.74 6.43 0.16 ¢
YBeOj3 -5.70 -5.88 -2.75 6.44 0.72 b
SiTiO3 -8.20 -10.31 -2.59 6.49 0.62 a,b
NaCuOg -6.05 -9.46 -1.70 6.53 1.32 ab
InT104 -6.10 -9.54 -1.74 6.57 1.38 ab
ScBiOg -5.31 -9.03 -1.17 6.63 1.56 a,b
LaBeOg -6.14 -5.25 -3.02 6.71 0.56 b
LaSiOg -1.41 -2.89 -3.05 6.74 0.48 b,c
LaNbOg -1.93 -2.91 -3.12 6.81 0.16 b,c
AgPbOg -4.92 3.14 1.68 6.83 148 ab
ZrAgOg -10.56 -8.61 -3.18 6.87 1.58 a,b
LaOsOg -2.77 -2.57 -3.28 6.97 0.80 b,c
GaSnOg3 -10.51 -9.22 -3.29 6.98 0.60 a,b
SiSiO3 -6.65 -10.50 -2.18 7.09 1.04 ab
BaWOg3 -1.44 -2.03 -3.40 7.09 -0.16 ¢
YLaOgs -7.32 -4.87 -3.43 7.12 0.7 b
YMgOs -3.24 5.14 0.43 7.15 0.68 b
IrNiOj3 -5.82 -10.01 -1.60 7.18 2.00 a,b
PbBeOg -6.82 -10.81 -2.33 7.25 1.18 a,b
PbSiO3 -6.88 -10.92 -2.38 7.31 0.48 a,b
AgCeOs 449 413 2.10 7.32 0.90 ab
SrWOs; -1.57 -2.24 -3.72 7.41 -0.08 ¢
InBiOg -5.70 2.95 1.32 7.42 0.90 a,b
ZrPtOs3 -11.17 -10.19 -3.78 7.47 1.54 ab
ZrGaQg -6.12 -10.57 -1.84 7.50 0.64 a,b
MoNiOs3 -6.21 -10.74 -1.92 7.59 1.30 a,b
CaWOs; -1.81 -2.39 -3.94 7.63 0.10 b,c
MgTeOs3 -6.47 2.46 -3.58 7.70 0.70 b
KSiOg3 -5.36 3.59 -1.55 7.71 0.56 b
CaBeOg -7.32 -11.68 -2.73 7.72 0.98 a,b
ZrAuOg -6.39 -11.10 -2.07 7.80 1.72 ab
AlVO; -2.12 -2.17 -4.13 7.82 0.96 b,c
GaZrOg -7.42 -11.87 -2.81 7.82 0.56 a,b
InSiO3 -9.50 -0.44 -0.97 7.83 0.58 a,b
ZrScO3 -6.43 -11.17 -2.11 7.84 0.50 a,b
MgMoOs; -0.88 -7.40 -4.17 7.86 0.42 a,b,c

Continued on next page
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AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings
Formula
MgLaOj3 -5.91 3.31 -3.96 7.99 1.30 b
AlBeOs -8.41 -8.25 -4.37 8.06 1.60 b
LiWOs3 -2.81 -2.75 -4.43 8.12 0.00 b,c
InPbOg -6.31 3.08 1.10 8.15 1.08 a,b
MgBeOg -7.89 -12.69 -3.20 8.26 1.14 ab
InCdOs; -7.92 -12.75 -3.22 8.30 1.38 ab
BaTaOs3 -2.05 -2.84 -4.73 8.42 0.04 c
AllrOg -12.19 -13.24 -4.86 8.55 1.54 ab
GaCuOg -8.28 -13.38 -3.51 8.63 144 ab
MgVOs3 -1.75 -1.04 -5.00 8.69 0.02 b,c
SrTaOg -2.15 -3.03 -5.06 8.75 0.10 c
LaTaOg3 -2.87 -3.34 -5.07 8.76 0.06 b,c
NaHgOg -5.11 4.95 5.35 8.83 1.60 b
MgNbOs3 -1.36 -8.87 -5.16 8.85 0.48 ab,c
LaCaOg -5.62 4.48 -1.09 8.87 0.68 b
LaSrOg -6.12 3.99 -2.89 8.87 0.7 b
NbNiOg -7.44 -13.08 -2.94 8.92 1.14 ab
CaTaOg -2.15 -3.14 -5.31 9.00 0.16 c
LaZrOg -2.60 -2.93 -5.45 9.14 0.14 b.,c
AlCo0Og3 -7.51 -7.78 -5.55 9.24 1.08 a,b
AlBaOg -9.01 -14.67 -4.11 9.33 2.54 ab
ZrSbOg3 -7.83 -13.83 -3.26 9.34 1.16 a,b
NaBeOj -9.29 -15.16 -4.34 9.59 1.30 ab
OsNiOg -8.12 -14.38 -3.50 9.65 1.70 a,b
BaBeOg -9.36 -15.28 -4.40 9.66 0.96 a,b
YTaOs3 -4.24 -5.75 -6.07 9.76 0.44 b
MgWOs3 -1.60 -10.15 -6.17 9.86 0.42 a,b,c
GaAgOg3 -9.71 -15.90 -4.68 9.99 1.54 ab
GaMgOs -9.83 -16.11 -4.78 10.10 1.32 ab
AIPtOg3 -12.43 -9.50 -6.45 10.14 1.70 b
MgCdOs -6.83 4.71 4.84 10.31 1.52 b
LaMoOj3 -5.53 -4.02 -6.83 10.52 0.54 b,c
SiHfOs5 -10.64 -17.54 -5.44 10.87 0.76 a,b
ZrYOg -15.82 -17.27 -7.21 10.90 0.68 a,b
AINiOg -8.98 3.29 -3.20 11.05 1.16 b
MgTaOs3 -1.96 -11.74 -7.37 11.06 0.38 a,b,c
AlTaOg3 -5.12 -7.90 -7.41 11.10 0.56 b,c
InHgOs3 -7.87 4.48 0.77 11.12 1.60 a,b
ZrBiOg -9.57 -17.15 -4.71 11.21 1.24 ab
AlMgOs3 -1.35 -6.50 -7.T7 11.46 0.98 b
InLiOg -11.28 -18.66 -5.96 11.47 1.18 ab

Continued on next page
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AGon (eV) AGo (V) AGoon (eV) noer (V) AEpu (eV)  warnings

Formula

YLiO3 -11.30 -18.70 -5.98 11.49 1.06 a,b
GaGeOg -11.31 -18.73 -5.99 11.51 0.66 a,b
ZrBOg -17.60 -18.02 -8.10 11.79 1.06 a,b
NbBeOj3 -11.97 -19.88 -6.52 12.13 0.78 a,b
ReNiOj -10.46 -18.83 -5.44 12.16 1.86 a,b
InMgOg -8.39 5.35 0.74 12.51 0.96 a,b
SiNiOj3 -10.90 -19.68 -5.81 12.64 1.58 a,b
VBeOg -12.52 -20.85 -6.97 12.65 0.92 ab
WNiO3 -10.93 -19.72 -5.83 12.66 1.58 a,b
NbGeOg -12.61 -21.02 -7.05 12.74 0.86 a,b
AIWOs3 -8.47 -2.15 -9.68 13.37 1.00 a,b,c
GaBiOg -13.53 -22.64 -7.80 13.61 1.08 a,b
AlCuOg -10.83 4.06 -6.63 13.66 1.86 b
CaLiOg3 -13.90 -23.29 -8.10 13.96 1.24 ab
GaPbOg -14.19 -23.80 -8.34 14.23 1.06 a,b
AlMoOs5 -9.77 -9.07 -10.61 14.30 1.08 b,c
AlZn0Og3 -14.65 -25.05 -9.17 14.66 1.24 ab
SiGeOg -14.70 -24.70 -8.75 14.72 1.16 a,b
AlAuOg -14.47 -10.56 -11.87 15.56 1.94 b
LaBOs -14.27 -14.32 -11.91 15.60 0.60 b
InBOg -14.77 -27.95 -12.00 15.69 1.04 ab
AlGeO3 -14.36 -14.76 -12.26 15.95 1.20 b
MgBOs3 -15.49 -13.22 -12.28 15.97 1.06 b,c
CaCsOg -16.36 4.13 -13.04 19.26 1.68 b
AlHfOg -15.70 -13.63 -16.83 20.52 0.68 b,c
ZrLaOs3 -22.21 -37.94 -14.88 21.83 0.90 a,b
MgCsOs3 -23.23 -40.43 -16.42 22.78 1.86 a,b
SiAlO3 -25.02 -42.89 -17.17 24.49 1.38 ab
BaBaOsg 1.30 -24.89 4.31 27.97 0.88 b
CaBaOg 1.02 -27.19 4.33 30.28 140 b
SrBaOg 1.04 -29.06 4.35 32.18 1.12 b
SiPbOg -37.55 -64.99 -27.39 36.37 1.74 ab
BaCsOg -33.40 4.39 -9.67 36.56 1.36 ab

a: One or more runs did not converge or failed in Quantum Espresso, missing adsorbates are reconstructed
from successful runs using scaling
b: Changes in atomic positions of greater than 5.5 A found in the slab or adsorbate during optimization,
typically indicates structural instability
c: OH or OOH bond length changes significantly during optimization, indicates bond-dissociation of the
adsorbate
d: Adsorbate migration from initial active site greater than 4 A
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4 Hydrogen evolution data

Data include for hydrogen evolution in the table below also includes vacancy formation energies.
In addition to the repeated relevant warnings regarding surface and adsorbate site migration, an
additional warning is indicated if the vacancy formation energy is exergonic at the limiting potential
of hydrogen evolution.

AGps—p (€V) AGg«—o (V) nger (V) AEp (eV) AGvacancy (eV) warnings

Formula

GaNbOg 0.01 0.06 -0.01 0.08 2.01 None
SrNiOg -0.01 -2.55 -0.01 0.64 -4.37 e
LaTiOg -0.02 1.89 -0.02 0.02 3.65 None
GaTaOg -0.03 1.21 -0.03 -0.04 2.43 None
NaTaOg -0.04 1.62 -0.04 -0.58 3.60 None
LaTaOg -1.08 -0.06 -0.06 0.06 1.58 None
SrPdOg 0.08 -2.41 -0.08 0.96 -3.38 b.e
NaOsOg -0.97 0.09 -0.09 0.54 -0.57 None
BaRhO3 -0.11 -1.92 -0.11 0.60 -2.30 e
SrTiO3 2.36 -0.12 -0.12 -0.24 1.80 None
BaNbOs3 -0.13 1.61 -0.13 -0.34 3.75 None
PbPdO3 0.14 -2.45 -0.14 1.14 -3.06 b.e
SrMoO3 -0.15 1.13 -0.15 -0.12 2.83 None
CaTiOs 2.61 0.15 -0.15 -0.12 1.93 None
SrSiOs 0.57 0.15 -0.15 0.10 1.30 None
LaPdOg3 0.17 -1.47 -0.17 0.72 -1.77 e
CaZrOg; 2.22 0.20 -0.20 0.02 2.50 b
BaGeOg 0.21 -1.54 -0.21 0.02 -4.07 e
SrvOs; 0.56 0.23 -0.23 -0.26 1.55 None
GaMoOg 0.30 0.25 -0.25 0.30 0.81 None
PbNbO;3 -0.26 0.88 -0.26 0.04 2.18 None
LaCoOg 0.27 -1.85 -0.27 0.30 -1.78 b.e
SrNbOg3 -0.29 1.77 -0.29 -0.24 3.67 None
NaMoOg 0.33 0.54 -0.33 -0.14 1.20 None
BalrOg -0.37 -0.63 -0.37 0.62 -0.64 e
LaNbOg -0.63 0.40 -0.40 0.16 1.90 None
LaRuOg -0.40 -2.57 -0.40 0.64 -1.29 b
LaRhO3 -0.41 -1.83 -0.41 0.68 -1.33 b
CaNbOs -0.43 1.84 -0.43 -0.06 3.52 None
CaVOs; 0.87 0.46 -0.46 -0.14 1.88 None
NaNbOg 0.46 0.73 -0.46 -0.32 2.85 None
BaPtOg3 -0.47 -1.52 -0.47 0.78 -1.80 e
SrIrOs3 -0.47 -2.63 -0.47 0.70 -0.10 b
NaTeOg 0.48 -2.01 -0.48 0.48 -3.17 b.e
SrAuQOs 0.49 -1.94 -0.49 1.12 -2.51 e

Continued on next page
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AGH*fM (eV) AGH*,O (eV) NHER (V) AEhu” (eV) AGvacancy (eV) Warnings
Formula
LaNiOg3 0.50 -1.43 -0.50 0.36 -1.91 e
LaPtOg -0.50 -0.73 -0.50 0.84 -0.54 e
SrSbO3 -0.51 -1.29 -0.51 0.18 -2.14 b.e
LaGeOs3 -0.67 -0.52 -0.52 0.28 -1.64 b,e
LaPbOj3 0.52 -2.13 -0.52 0.66 -3.25 b.e
CaAuOg3 0.53 -1.81 -0.53 1.26 -2.51 e
BaTiO;3 2.60 -0.54 -0.54 -0.26 1.25 None
BaAuOj; 0.55 -2.01 -0.55 1.02 -2.64 e
GaWOs3 -0.56 1.14 -0.56 0.20 1.24 None
NaWO3 -0.62 1.51 -0.62 -0.26 1.79 None
LaAuOs 0.64 -1.13 -0.64 1.10 -1.83 e
LaSiO3 -0.66 1.19 -0.66 0.48 2.64 None
LaHfOg -0.98 -0.66 -0.66 0.16 2.47 None
NaSbOgs 0.67 -0.76 -0.67 0.20 -1.63 e
SrBiOs 0.68 -1.87 -0.68 0.42 -3.10 bse
LaSnOg3 -0.69 -2.20 -0.69 0.46 -1.58 b.e
BaSbOs3 -0.69 -1.77 -0.69 0.04 -2.35 b,e
LaZrOg -0.70 -1.00 -0.70 0.14 251 b
BaBiOj 0.72 -1.56 -0.72 0.28 -2.80 e
LaHgOg3 0.76 -2.33 -0.76 1.12 -3.60 b.e
PbHfO3 2.34 0.77 -0.77 0.10 2.08 None
SrReOs3 -1.14 0.78 -0.78 0.16 0.27 None
CaBiOg 0.79 -2.28 -0.79 0.68 -3.20 b,e
BaReO3s -1.03 0.79 -0.79 0.10 0.53 None
CaSnOj3 0.86 -1.98 -0.86 0.16 -1.93 b,e
BaBOj3 1.62 0.86 -0.86 1.02 2.45 b
CaBaOs 2.15 -0.88 -0.88 1.40 -2.01 e
CaSiOg3 1.06 0.89 -0.89 0.10 1.99 None
SrGeOs3 0.90 -1.26 -0.90 0.16 -2.99 e
BaTaOg -0.90 2.25 -0.90 0.04 4.04 None
SrBOj3 1.56 0.92 -0.92 0.96 2.46 None
CaPbOg 1.01 -4.14 -1.01 0.68 -5.13 b,e
SrWOs3 -1.02 1.79 -1.02 -0.08 3.26 None
SrTaOs3 -1.02 2.38 -1.02 0.10 3.83 None
CaTaOg -1.03 1.22 -1.03 0.16 3.60 b
PbSnOg3 1.04 -1.56 -1.04 0.28 -1.22 e
SrSnOj3 1.22 -1.11 -1.11 0.00 -0.88 e
BaSnOg 1.28 -1.16 -1.16 -0.08 -0.90 e
SrAgOs 1.16 -2.23 -1.16 1.16 -3.42 e
LaTlOg -1.17 -3.51 -1.17 0.70 -5.53 b.e
BaHgOs5 1.18 -2.04 -1.18 0.96 -3.33 e

Continued on next page
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AGH*fM (eV) AGH*,O (eV) NHER (V) AEhull (eV) AGvacancy (eV) Warnings
Formula

BaAgOs3 1.19 -2.30 -1.19 1.04 -3.53 e
SrHgO3 1.20 -1.97 -1.20 1.12 -3.31 e
SrZrOs 2.49 1.20 -1.20 -0.18 3.52  None
BaCuOj; 1.23 -2.27 -1.23 0.82 -3.83 e
CaHgO3 1.24 -2.11 -1.24 1.32 -5.91 b,e
LaCuOs 1.26 -1.54 -1.26 0.54 -2.35 e
CaCuO3 1.26 -2.14 -1.26 0.96 -3.70 e
LalnOs 1.27 -3.74 -1.27 0.20 -3.42 D.e
NaBiO3 1.29 -2.66 -1.29 0.72 -4.17 b,e
GaAsOs3 -4.34 -1.31 -1.31 0.94 -3.20 Db,e
LaAgOs 1.31 -1.41 -1.31 0.96 -249 e
SrPbO3 1.34 -2.58 -1.34 0.54 -3.64 D,e
SrHfO3 241 1.37 -1.37 -0.16 3.65 None
BaZrOs3 2.54 1.37 -1.37 -0.28 3.73 None
BaTlO3 1.40 -2.18 -1.40 0.74 -4.04 e
SrTeOs3 1.54 -1.42 -1.42 0.38 -1.14 b,e
SrT103 1.42 -2.37 -1.42 0.88 -4.20 b,e
LaAsOg -1.43 -2.60 -1.43 0.44 -2.65 b,e
NaPbOj3 1.45 -3.62 -1.45 1.00 -5.20  b,e
LaAlOs 2.56 -1.50 -1.50 -0.10 -0.45 e
BaPbO3 1.51 -2.09 -1.51 0.40 -3.24 e
BaH{fO3 2.44 1.60 -1.60 -0.26 3.87 None
NaSiOg 2.20 -1.61 -1.61 0.38 -3.75 e
BaAsOs -1.67 -1.95 -1.67 0.22 -5.18 b,e
CaAsOg3 -1.67 -4.53 -1.67 0.42 -5.26  b,e
CalnOs3 1.70 -3.30 -1.70 0.64 -4.57 b.e
NaSnOg 1.75 -2.20 -1.75 0.44 -3.12 e
LaSbOs3 1.85 -1.82 -1.82 0.64 -1.12  be
SrInO3 1.83 -2.53 -1.83 0.44 -3.84 b,e
LaZnOs3 1.99 -1.83 -1.83 0.44 -3.19 e
SrCdOs3 1.84 -2.32 -1.84 0.92 -3.79 e
LalrOg -1.87 -3.02 -1.87 0.78 -0.86 b
BalnOs3 1.89 -2.36 -1.89 0.28 -3.64 e
LaCdOs 1.90 -2.27 -1.90 0.78 -4.80 Db,e
CaAlOg3 2.56 -1.92 -1.92 0.30 -2.65 e
LaLaOg -1.92 -5.39 -1.92 0.44 -5.32 Db,e
LaBiO3 1.93 -2.63 -1.93 0.82 -1.42  be
LaGaOs3 2.08 -1.96 -1.96 -0.04 -1.85 e
BaSiOs -1.98 -8.13 -1.98 0.26 -541 b
BaGaOs; 2.00 -2.23 -2.00 0.20 -3.45 e
CaRhO3 -2.00 -4.21 -2.00 0.82 -4.13  b,e
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AGH*fM (eV) AGH*,O (eV) NHER (V) AE]w” (eV) AGvacancy (eV) Warnings

Formula

SrAlOg 2.46 -2.00 -2.00 0.22 -2.67 e
LaYOs 2.01 -3.86 -2.01 0.26 -3.43 b,e
CaLaOg 2.05 -4.41 -2.05 0.64 -4.72  b,e
BaAlOj3 2.30 -2.10 -2.10 0.26 -2.99 e
NaTiO3 -2.31 -2.11 -2.11 0.18 -2.99 e
NaHfO5 2.84 -2.11 -2.11 0.24 -2.34 e
SrGaOs 2.12 -2.17 -2.12 0.26 -3.41 e
SrBaOs 2.17 -7.71 -2.17 1.12 275 b
NaZrOs3 2.93 -2.18 -2.18 0.24 -2.76 e
CaGaOg 2.18 -2.22 -2.18 0.40 -3.74 e
NaAsOs -2.22 -3.94 -2.22 0.52 -4.85 b,e
SrScOj3 2.87 -2.22 -2.22 0.34 -3.26 e
BaScOj; 2.82 -2.24 -2.24 0.22 -3.18 e
LaScOg 2.61 -2.30 -2.30 0.08 -1.69 b,e
SrLaOsg 2.31 -2.94 -2.31 0.62 -4.24 b,e
BaYOs; 2.59 -2.36 -2.36 0.32 -3.32 e
CaYOs 2.40 -3.47 -2.40 0.58 -4.22 b,e
SrYOs 2.42 -2.73 -2.42 0.46 -3.69 b.e
BaLaOg 2.45 -2.48 -2.45 0.40 -3.89 b,e
LaMgOs3 2.71 -2.55 -2.55 0.34 -3.97 e
CaScOs3 2.77 -2.56 -2.56 0.52 -3.68 b,e
NaLaOs 2.88 -2.60 -2.60 0.90 -4.95 b.,e
GaAlOg -3.06 -9.47 -3.06 0.78 -9.50 b,e
LaTeOj3 -8.29 -4.47 -4.47 0.82 -5.06 b.e
GaCuOs -5.69 -9.81 -5.69 1.44 -8.31 b,e
LaBeOj3 -8.83 -9.58 -8.83 0.56 -9.92 b,e
GaGeOg -9.43 -10.17 -9.43 0.66 -9.22 b.e
LaBOg -13.51 -19.39 -13.51 0.60 -18.55 b,e
BaCsOg -18.42 -57.77 -18.42 1.36 -17.84 b

b: Changes in atomic positions of greater than 5.5 A found in the slab or adsorbate during optimization,
typically indicates structural instability
d: Adsorbate migration from initial active site greater than 4 A
e: Vacancy formation energy is exergonic at HER limiting potential

20



5 PDOS data

We tabulate descriptors from the projected-density of states of the BOo-terminated (100) ABO3
perovskite surfaces used to generate Figures 5-7 in the main text. Included are the d, 3, and
eg filling descriptors, the p-band centers, and the population of d-states at the Fermi level. The
projected densities of states are determined via the ase-espresso code,® and the centers are defined
as:

f_oooo eng (€) de
75 na (€) de

where n, is the projected density of states corresponding to the respective orbital (e.g. d, p, e,
tag, etc.). The filling values are the projected densities of states integrated with respect to energy

(2)

x-center =

up to the fermi level, i.e.

€fermi
a-filling = / ! ng (€) de (3)
—o0

d-center (eV) d-filling eg-filling ty4-filling p-center (eV) p-filling d-states at Ey
Formula
SrTiO3 1.68 2.02 1.00 1.02 -1.77 5.04 0.00
YInOs -13.27 9.84 3.93 5.92 -1.78 4.89 0.00
KVOs3; -0.38 3.39 1.45 1.94 -2.15 4.59 0.05
CaTaOs3 -0.45 3.27 1.14 2.12 -4.68 4.80 1.25
SrWO3 -1.05 4.27 1.20 3.07 -4.23 4.84 1.36
LaPtOs3 -1.81 8.24 2.61 5.63 -2.07 4.73 1.01
CalnO3 -12.57 9.83 3.92 5.92 -0.74 4.90 0.05
BaCdOs3 -6.42 9.72 3.80 5.91 -0.46 4.65 0.12
YCuOs3 -2.56 9.17 3.29 5.88 -1.30 4.69 0.47
BaAgOs -3.19 9.23 3.38 5.84 -0.61 4.60 0.43
KCrOs -1.24 4.38 1.56 2.82 -2.08 4.61 1.66
KZrOj3 3.94 2.18 1.04 1.15 -0.28 4.73 0.02
BaPbO3 -15.41 9.84 3.92 5.92 -0.82 4.79 0.00
YGaOs -13.11 9.87 3.94 5.92 -0.95 4.89 0.00
KOsO3 -2.29 6.02 1.71 4.32 -2.96 4.69 1.45
LaPdOgs -2.07 8.46 2.77 5.69 -1.52 4.72 1.18
YTIO3 -10.83 9.84 3.92 5.91 -1.97 4.77 0.01
ScTlO3 -10.32 9.84 3.93 5.90 -0.62 4.82 0.02
SrMoOg3 -1.20 4.47 1.29 3.18 -3.57 4.79 1.41
BaTeOs3 -38.32 9.87 3.95 5.92 -1.58 4.91 0.00
YPdOs3 -2.04 8.50 2.75 5.75 -1.73 4.73 0.86
LaTaOg -0.30 3.40 1.06 2.34 -4.97 4.75 1.40
CaSnOj3 -21.12 9.87 3.95 5.92 -1.52 4.97 0.00
SrScOs3 4.69 1.56 0.83 0.73 -0.45 4.88 0.06

Continued on next page
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d-center (eV) d-filling ey -filling ty,-filling p-center (eV) p-filling d-states at Ey
Formula
NalLaOs 5.38 1.83 0.91 0.92 -0.94 4.70 0.05
NaMoOg -1.24 4.29 1.43 2.86 -3.09 4.69 1.19
SclrOg -2.04 7.25 2.48 4.78 -3.23 4.77 0.76
LaCoOg -1.26 7.26 2.05 5.20 -1.80 4.70 4.69
KYOg3 5.87 1.51 0.77 0.74 -0.06 4.62 0.09
SrReOs3 -1.91 5.28 1.38 3.90 -3.91 4.81 1.64
LaAuOg -3.25 9.10 3.26 5.84 -1.83 4.72 0.46
LaReOsg -1.45 5.42 1.48 3.94 -4.45 4.71 1.26
KRhOg3 -2.28 7.15 2.23 4.91 -1.69 4.57 2.39
SrPbO3 -15.49 9.84 3.93 5.92 -1.18 4.92 0.00
NaTeOj3 -38.00 9.87 3.95 5.92 -1.41 4.95 0.00
CaVOs; -0.65 3.41 1.24 2.17 -2.96 4.71 1.71
ScBiOg -23.64 9.87 3.95 5.92 -3.49 4.94 0.00
YZnOg -5.42 9.75 3.83 5.92 -1.35 4.93 0.14
CaBiOj3 -22.05 9.87 3.95 5.92 -1.19 4.94 0.00
BaZrOg 2.52 2.18 1.07 1.12 -1.35 4.81 0.00
YScOg 4.09 1.61 0.91 0.71 -1.27 4.88 0.00
SrAuOg -2.95 8.97 3.19 5.79 -1.02 4.76 0.43
KSnOj3 -20.49 9.88 3.95 5.92 -0.57 4.87 0.00
NaVOg -0.47 3.37 1.45 1.93 -2.23 4.57 0.09
CaCoOg3 -1.66 7.18 2.16 5.02 -1.48 4.59 3.84
NaOsOg -2.41 5.99 1.70 4.29 -3.11 4.68 1.33
SrRuOg -1.97 6.44 1.86 4.58 -2.17 4.69 2.76
YNbOg3 -0.61 3.60 1.10 2.50 -4.97 4.75 1.52
YIrOs -1.43 7.34 2.23 5.11 -3.03 4.71 3.74
ScHgOs3 -5.74 9.77 3.88 5.89 -2.11 4.80 0.18
YBiO3 -23.74 9.87 3.95 5.92 -3.19 4.90 0.00
CaRhOg -2.00 7.24 2.22 5.02 -2.13 4.68 3.37
YCdOs -6.87 9.76 3.86 5.90 -1.35 4.80 0.15
YGeOs3 -25.28 9.87 3.95 5.92 -2.96 4.86 0.00
SrT103 -10.12 9.80 3.89 5.92 -0.84 4.86 0.06
Ca0s0s3 -2.15 6.08 2.03 4.05 -2.80 4.68 1.12
SrZrOs 2.53 2.27 1.08 1.19 -1.54 4.93 0.00
ScInOg -13.85 9.85 3.93 5.92 -2.77 4.91 0.00
BaVOs; -0.54 3.34 1.22 2.12 -2.41 4.67 1.66
CaPdOs -2.21 8.33 2.81 5.92 -1.22 4.67 2.37
YCaOg 6.24 0.99 0.52 0.46 -0.78 4.81 0.13
BaCoOs3 -1.48 7.21 2.22 4.99 -1.19 4.57 3.94
SrPdOg -2.27 8.33 2.93 5.40 -1.29 4.69 2.29
LaGeOg3 -24.71 9.87 3.95 5.92 -2.25 4.86 0.00
YBaOs 3.34 1.10 0.46 0.64 -2.61 4.82 0.04
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d-center (eV) d-filling ey -filling ty,-filling p-center (eV) p-filling d-states at Ey
Formula
SrvVOs; -0.63 3.40 1.24 2.17 -2.77 4.78 1.64
LaZrOg 0.08 2.37 1.03 1.34 -4.75 4.80 1.28
BaAuOs3 -2.96 9.00 3.22 5.77 -0.85 4.62 0.55
YSbOs -30.69 9.87 3.95 5.92 -4.00 4.90 0.00
LaSnOg -20.67 9.87 3.95 5.92 -1.72 4.86 0.00
LaBiOs -23.31 9.87 3.95 5.92 -2.63 4.92 0.00
ScVO;3 -0.73 3.59 1.13 2.46 -4.71 4.75 2.37
NaSbOg3 -29.61 9.87 3.95 5.92 -2.04 5.01 0.00
CaReOg -1.98 5.28 1.37 3.90 -4.28 4.76 1.67
CaBaOg 5.11 1.30 0.51 0.79 -0.41 4.82 0.09
SrNiOg -1.74 8.09 2.63 5.46 -1.15 4.63 3.15
BaBaOs 5.20 1.21 0.49 0.73 -0.33 4.76 0.07
SrlrOg -1.85 7.21 2.58 4.64 -2.50 4.73 1.84
BaPdOj3 -2.20 8.37 2.95 5.42 -1.08 4.59 2.19
SrSbOs3 -29.00 9.87 3.95 5.92 -1.88 5.07 0.00
BaNiOg -1.68 8.12 2.69 5.43 -0.97 4.55 2.97
ScNbOs3 -0.83 3.60 1.16 2.44 -5.18 4.80 1.59
CaCuOg -2.42 9.13 3.28 5.86 -0.90 4.61 0.41
KIrOg -2.51 6.98 2.16 4.81 -2.18 4.61 2.21
BaScOg 4.66 1.49 0.81 0.68 -0.23 4.74 0.08
YMgOs3 5.81 0.49 0.20 0.29 -0.61 4.83 0.03
YLaOg3 3.59 1.76 0.92 0.84 -2.13 4.82 0.00
YSnOs3 -20.57 9.87 3.95 5.92 -1.62 4.85 0.00
ScZrOg 0.52 2.55 1.04 1.51 -4.86 4.84 0.28
LaHgOs3 -5.73 9.67 3.77 5.90 -1.62 4.77 0.18
SrAgOs -3.22 9.21 3.36 5.85 -0.80 4.72 0.29
LaMoOg3 -1.24 4.58 1.32 3.26 -4.82 4.68 1.38
LaMgOs; 6.10 0.52 0.22 0.30 -0.52 4.80 0.03
YYOg 4.28 1.67 0.89 0.78 -1.69 4.82 0.00
KBiO3 -22.07 9.87 3.95 5.92 -0.85 4.88 0.00
ScCoOs3 -1.26 7.29 1.86 5.43 -2.69 4.76 3.80
KCuO3 -2.55 9.10 3.31 5.80 -0.63 4.48 0.88
NaHfOg 4.67 2.13 1.01 1.12 -0.19 4.69 0.02
CaTiOs3 1.71 2.02 1.02 1.00 -1.90 4.96 0.00
SrGeOg -24.82 9.87 3.95 5.92 -1.25 4.96 0.00
ScZnOs3 -5.56 9.76 3.85 5.92 -2.18 5.02 0.15
NaGeOg -24.32 9.87 3.95 5.92 -0.78 4.80 0.00
BaGeOs -24.73 9.87 3.95 5.92 -0.87 4.82 0.00
SrSnOg -20.94 9.87 3.95 5.92 -1.23 5.03 0.00
YPtOs3 -1.77 8.29 2.60 5.69 -2.31 4.73 0.79
SrNbO3 -0.70 3.46 1.18 2.28 -3.94 4.86 1.35
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d-center (eV) d-filling ey -filling ty,-filling p-center (eV) p-filling d-states at Ey
Formula
BaGaOs3 -13.00 9.87 3.94 5.92 -0.35 4.72 0.01
CaGaO3 -12.77 9.87 3.94 5.92 -0.53 4.81 0.01
ScOs03 -1.58 6.47 1.85 4.62 -3.65 4.78 1.62
KZnOg -4.86 9.75 3.83 5.91 -0.82 4.74 0.18
KAgOg -3.14 9.21 3.39 5.82 -0.66 4.55 0.61
CaPbOg -15.66 9.84 3.93 5.92 -1.46 4.85 0.00
SrRhOg -2.10 7.21 2.25 4.96 -2.00 4.69 3.04
NaTiOg 2.99 2.00 0.99 1.01 -0.79 4.79 0.03
BaPtOjs -1.94 8.10 2.81 5.28 -1.51 4.65 2.20
BaNbOg -0.57 3.36 1.17 2.19 -3.59 4.76 1.37
YVOs3 -0.59 3.51 1.04 2.46 -4.20 4.73 2.19
ScGaOs3 -13.82 9.86 3.94 5.92 -2.19 4.92 0.00
ScCrOg3 -1.21 4.61 1.22 3.39 -4.53 4.75 2.94
SrBiO3 -22.24 9.87 3.95 5.92 -1.33 5.03 0.00
LaFeOg -1.09 6.38 1.55 4.83 -2.19 4.69 4.63
KHgOg3 -5.24 9.56 3.67 5.89 -0.63 4.60 0.20
BaCuOg -2.33 9.14 3.31 5.83 -0.65 4.54 0.89
KTeOg -38.12 9.87 3.95 5.92 -1.37 4.94 0.00
SrPtO3 -1.97 8.07 2.77 5.30 -1.69 4.77 2.32
KPtOs -2.42 8.01 2.86 5.15 -1.66 4.61 1.70
ScRuOj3 -1.53 6.57 2.09 4.47 -2.53 4.63 2.47
CalLaOg3 4.35 1.76 0.88 0.89 -0.94 4.82 0.14
CaCdOs3 -6.61 9.69 3.79 5.91 -0.70 4.76 0.12
NaCuOg -2.54 9.10 3.29 5.81 -0.76 4.50 0.95
LaWOs3 -0.51 4.34 1.37 2.97 -3.76 4.76 0.59
SrGaOg -12.86 9.87 3.94 5.92 -0.49 4.84 0.01
BaYOg 5.18 1.55 0.81 0.74 -0.29 4.74 0.07
KSbOg3 -29.38 9.79 3.87 5.92 -1.68 5.01 0.00
LaPbOj3 -15.46 9.86 3.94 5.91 -1.03 4.84 0.00
YNiOg -1.33 8.18 2.53 5.66 -1.53 4.71 2.32
LaAgOg -3.47 9.26 3.39 5.87 -1.33 4.71 0.35
SrTeO3 -38.50 9.87 3.95 5.92 -2.04 5.08 0.00
SrYOs 5.21 1.64 0.83 0.81 -0.40 4.83 0.07
LaRuOg -1.44 6.61 1.67 4.93 -2.64 4.72 3.58
CaMoOj3 -0.57 4.37 1.64 2.73 -3.21 4.73 2.00
LaCdOg -6.75 9.74 3.84 5.91 -1.05 4.79 0.14
CaYOg 5.00 1.64 0.84 0.80 -0.54 4.82 0.05
NaCdOg -6.34 9.69 3.78 5.91 -0.44 4.61 0.14
YCoOg -1.24 7.24 1.94 5.30 -2.01 4.71 4.42
CaTeOg -38.89 9.87 3.95 5.92 -2.60 4.98 0.00
LaTlOg -10.62 9.83 3.92 5.91 -1.65 4.80 0.01
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d-center (eV) d-filling ey -filling ty,-filling p-center (eV) p-filling d-states at Ey
Formula
YH{O3 0.25 2.28 1.05 1.24 -5.15 4.79 0.64
BaBiOs -22.22 9.87 3.95 5.92 -1.13 4.88 0.00
CaZrOg 2.27 2.25 1.10 1.15 -1.97 4.85 0.00
KScOg 4.78 1.49 0.78 0.71 -0.34 4.70 0.09
BaHfOg3 2.79 2.14 1.03 1.11 -1.45 4.82 0.00
YOsOg3 -1.47 6.42 2.37 4.04 -3.64 4.72 1.24
LaNiOg -1.37 8.20 2.63 5.98 -1.32 4.70 2.66
NaAuOs3 -2.99 8.93 3.19 5.73 -0.86 4.59 0.65
YTiOg 0.36 2.22 0.85 1.37 -4.70 4.91 1.57
LaYOs 4.49 1.63 0.87 0.77 -1.23 4.83 0.00
SrHfOg3 2.96 2.24 1.05 1.19 -1.46 4.92 0.00
BaLaOg 4.51 1.70 0.88 0.83 -0.72 4.74 0.12
KReOj3 -1.82 5.07 1.48 3.60 -3.43 4.72 1.41
LaCuOs3 -2.40 9.17 3.29 5.88 -0.95 4.69 0.54
KPdOj3 -2.81 8.21 2.74 5.46 -1.00 4.51 1.86
LaCaOs 6.39 0.97 0.52 0.45 -0.57 4.80 0.14
NaZnOg -5.04 9.72 3.81 5.91 -0.88 4.74 0.16
KTaOj3 -0.41 2.93 1.23 1.70 -3.52 4.80 0.46
LaSbOg3 -30.17 9.87 3.95 5.92 -3.34 4.92 0.00
CaNbOj3 -0.68 3.47 1.18 2.30 -4.21 4.80 1.33
CaNiOg -1.61 8.12 2.73 5.40 -1.29 4.62 3.13
CaAuOj3 -3.04 8.98 3.17 5.81 -1.09 4.71 0.18
CaPtOj3 -1.88 8.10 2.73 5.37 -1.71 4.73 2.21
SrHgOg3 -5.47 9.56 3.66 5.89 -0.92 4.80 0.16
YRhOj3 -1.76 7.40 2.08 5.32 -2.10 4.74 1.24
ScNiOg -1.35 8.25 2.50 5.75 -2.20 4.76 1.42
YAgOg -3.57 9.28 3.41 5.86 -1.65 4.72 0.38
BaTiOg 1.59 1.98 0.98 0.99 -1.53 4.89 0.00
NaWOg -1.06 4.04 1.32 2.72 -3.74 4.75 1.12
BaTaOg3 -0.41 3.20 1.12 2.08 -4.16 4.76 1.32
SrZnQOj3 -5.08 9.74 3.82 5.92 -1.03 4.91 0.14
CaScOs3 4.72 1.57 0.85 0.72 -0.41 4.85 0.05
LaCrOg -1.04 4.52 1.13 3.40 -3.45 4.73 3.09
YRuOg3 -1.40 6.63 1.65 4.98 -2.83 4.72 3.43
NaCrOj3 -1.27 4.39 1.55 2.84 -2.20 4.60 1.40
CaHgO3 -5.63 9.55 3.66 5.89 -1.09 4.75 0.16
YMoOj3 -1.26 4.69 1.20 3.49 -4.72 4.73 1.76
LaTiOg 0.36 2.16 0.84 1.32 -4.26 4.92 1.56
ScCaOs3 6.19 0.87 0.40 0.47 -0.43 4.88 0.02
LaLaOjs 3.90 1.73 0.90 0.83 -1.62 4.84 0.00
CaRuOg -2.01 6.43 1.81 4.62 -2.40 4.68 3.07
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d-center (eV) d-filling ey -filling ty,-filling p-center (eV) p-filling d-states at Ey
Formula
LaBaOg 3.56 1.11 0.47 0.64 -2.25 4.84 0.04
LaGaOg -13.01 9.86 3.94 5.92 -0.63 4.87 0.00
KGeOg -24.36 9.87 3.95 5.92 -0.72 4.79 0.00
KLaOj3 5.28 1.73 0.87 0.87 -0.62 4.66 0.08
LaZnOg -5.29 9.75 3.83 5.92 -1.03 4.92 0.13
LaNbOg -0.56 3.58 1.08 2.50 -4.66 4.76 1.52
CaHfOg 2.62 2.22 1.06 1.16 -1.95 4.85 0.00
KHfOj3 4.43 2.15 1.01 1.14 -0.25 4.73 0.02
SrLaOg 4.42 1.79 0.89 0.91 -0.90 4.88 0.14
SrInO3 -12.49 9.84 3.92 5.92 -0.68 4.93 0.05
BalrOg -1.77 7.16 2.58 4.57 -2.26 4.62 1.84
ScRhOj3 -1.97 7.35 2.34 5.01 -2.71 4.78 1.38
NaHgOg -5.40 9.54 3.65 5.89 -0.67 4.63 0.18
KNbO3 -0.43 3.13 1.30 1.83 -2.82 4.77 0.36
NaZrOg 4.17 2.17 1.04 1.13 -0.23 4.69 0.02
LalrOg -1.43 7.34 2.28 5.06 -2.80 4.71 3.67
CaWOs3 -1.00 4.20 1.20 3.00 -4.42 4.77 1.29
LaTeOg -38.33 9.87 3.95 5.92 -3.56 4.81 0.00
KWOg3 -1.07 4.03 1.32 2.72 -3.61 4.76 1.14
SrCdOs -6.49 9.70 3.80 5.91 -0.68 4.80 0.12
ScAgO3 -3.70 9.34 3.48 5.86 -2.33 4.76 0.39
NaTaOg -0.38 2.92 1.24 1.68 -3.60 4.77 0.39
BaReOg -1.78 5.22 1.37 3.85 -3.62 4.71 1.69
KCdOs -6.23 9.72 3.80 5.91 -0.44 4.60 0.15
ScScOg3 3.29 1.70 0.94 0.77 -2.65 491 0.00
La0OsOg -1.40 6.43 2.25 4.17 -3.76 4.72 2.08
ScYOs3 3.52 1.75 0.91 0.84 -2.77 4.83 0.01
CaSbOg -28.83 9.87 3.95 5.92 -1.71 4.96 0.00
NaNbOg -0.45 3.11 1.30 1.81 -2.93 4.75 0.34
LaHfOj3 0.19 2.23 1.04 1.19 -4.90 4.80 0.86
CalrOg -1.85 7.21 2.55 4.67 -2.67 4.71 2.06
LaRhOg -1.54 7.41 2.07 5.34 -2.24 4.71 2.39
ScPdOg -2.62 8.40 2.89 5.91 -2.45 4.76 1.21
YPbOs3 -15.52 9.86 3.95 5.91 -1.15 4.83 0.00
KMnOg -1.19 5.11 1.69 3.42 -1.71 4.53 3.18
NaSnOs3 -20.38 9.87 3.95 5.92 -0.51 4.83 0.00
SrTaOg -0.49 3.26 1.14 2.12 -4.43 4.87 1.27
KMoOs3 -1.23 4.28 1.43 2.86 -2.99 4.70 1.22
KTiOg 2.85 2.00 0.98 1.02 -0.83 4.82 0.03
YWOg3 -0.29 4.46 1.66 2.80 -4.08 4.73 1.16
KNiOj3 -1.91 8.08 2.63 5.46 -0.91 4.50 2.03
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d-center (eV) d-filling ey -filling ty,-filling p-center (eV) p-filling d-states at Ey
Formula
CaGeOg -24.93 9.87 3.95 5.92 -1.40 4.92 0.00
NaPbOg -15.07 9.84 3.92 5.92 -0.55 4.75 0.01
YAuOs -3.40 9.12 3.28 5.84 -2.20 4.72 0.46
KPbOj3 -15.12 9.85 3.92 5.92 -0.56 4.76 0.01
BaRhOg -2.01 7.22 2.25 4.97 -1.81 4.61 3.07
YTaOs -0.34 3.40 1.08 2.32 -5.24 4.75 1.38
YTeO3 -38.45 9.87 3.95 5.92 -3.84 4.79 0.00
ScCuOg -2.72 9.20 3.33 5.88 -2.10 4.74 0.51
BaHgOs3 -5.38 9.57 3.67 5.90 -0.66 4.66 0.17
NaBiOg -22.08 9.87 3.95 5.92 -0.94 4.88 0.00
CaTlOs -10.22 9.81 3.89 5.91 -0.98 4.80 0.07
BalnOg -12.49 9.84 3.92 5.92 -0.46 4.78 0.05
BaTlOg -10.05 9.81 3.89 5.92 -0.57 4.72 0.06
BaMnOg -0.97 5.13 1.46 3.67 -1.92 4.56 3.31
BaSbOg -29.17 9.87 3.95 5.92 -1.71 4.90 0.00
SrBaOg 5.16 1.32 0.52 0.80 -0.54 4.97 0.12
YZrOg 0.20 2.44 1.03 1.41 -4.98 4.79 1.04
ScTiOg 0.35 2.26 0.91 1.35 -5.08 4.95 0.92
BaSnOg -20.91 9.87 3.95 5.92 -0.96 4.90 0.00
LaScOg 4.32 1.57 0.88 0.70 -0.76 4.89 0.01
KRuOj3 -2.00 6.34 1.94 4.40 -1.84 4.56 2.06
KAuOg3 -2.93 8.97 3.24 5.72 -0.85 4.59 0.71
CaAgOs -3.32 9.20 3.35 5.85 -0.80 4.69 0.18
LalnOg -12.89 9.84 3.93 5.92 -1.22 4.89 0.01
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6 Distortion effects in 2x2 cubic unit cells

To comment on the effects of local octahedral distortion, we include additional data here on a
subset of the data calculated in the ideal cubic phase. These distortions may occur as the result
of Jahn-Teller symmetry breaking or simply if strained octahedra fill the unit cell more optimally
than cubically aligned ones (as described by the Goldschmidt tolerance factor).

Perturbations to adsorption energies are generally small, with a median value of 0.1 eV, but also
are systematic (i.e. nearly all positive). This suggests that local distortion during ionic relaxation
may cause oxygenates to adsorb more weakly. We speculate that partial quenching of structural
frustration via these allowed distortions in the unadsorbed state leads to a less exergonic adsorption
bond. We also note that, while the perturbations are not trivial in every individual case, the trends
we focus on in the main text are preserved between the distorted and cubic phases. Detailed studies
of individual compounds, however, may require more careful treatment of the ground-state crystal

structure.
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Figure 1: Plot of the adsorption energies of surfaces derived from structures with (y-axis) and
without (x-axis) allowed distortions of the 2x2 crystal structure. Plot shows data for adsorption of
OOH* (red), OH* (blue) and O* (green).
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