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Supplementary computational methods

Computation of vacancy formation energy
The NCC (V) and CC (V3*®) vacancy formation energies were computed based on the following expressions:!

Ef[vc))(] = Etot[vé] - Eperf + E302+ PA
2
Ef[V(.).] = Etot[V(.)'] - Eperf + Eloz + ZEFCC +PA
2

Ef is the vacancy formation energy, Eio is the cohesive energy of the supercell, V§ is a neutral oxygen vacancy, and V3*

corresponds to an oxygen vacancy created with a charge state of +2. E1, is half of the energy of an oxygen molecule at 0K

202

calculated from DFT under our chosen formalism (see methods section), equal to -4.907 eV. Eg__ is the fermi energy computed
in the defected structure with CC oxygen vacancies and is multiplied by 2 as two electrons were removed to introduce a charged
(+2) oxygen vacancy. A potential alignment correction (PA) was also included?3 by aligning the core potential of electrons to

correct for finite supercell effects.

Computation of vacancy excess charge density
The vacancy excess charge density was defined using a cluster-type approach based on Bader charge analysis.? To calculate the
excess atomic charge for a specific site i (q;ex), we subtracted its Bader charge in the defected structure from its charge in the
perfect structure, as shown in the equation:

Qiex = i, defected — di,perfect
In this equation, positive values of g;.x indicate that site i has a higher electronic charge in the defected structure than in the
perfect structure (more electronic charge has redistributed on site i upon vacancy formation). The vacancy excess charge
gv,ex and vacancy volume Vy were computed by summing the atomic excess charges and volumes of all the first-shell neighbors
of an oxygen vacancy. This first shell of neighbors included four A sites and two B sites for perovskite structures. When summing
all the values of qj ¢ for the first neighbors, positive resulting values of qy ¢« indicate that electronic charge accumulates around
the oxygen vacancy upon its formation.

Qvex = i=first neighbours Qiex
of the oxygen vacancy

Vy = Z i=first neighbours Vi
of the oxygen vacancy
Finally, we calculated the vacancy excess charge density py o as the ratio between the vacancy excess charge and the vacancy
volume:

qV,ex

Pvex = VV

The sign of py ex follows the same convention as qy ¢x Where positive values indicate that electronic charge accumulates around

the oxygen vacancy upon its formation.
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Supplementary Figures
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Figure S1. Comparison between ipv and opv migration barriers. Migration barrier computed for (a) ipv and (b) opv trajectories

(in Figure 1b) in comparison with the energy of the O 2p band center vs. Fermi level descriptor computed on the perfect structure

without oxygen vacancies.
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Figure S2. Comparison of computed and experimental data for perovskites with d electrons. Migration barriers as a function of
the simulated chemical formula. Blue and orange circles represent NCC and CC migration barriers, respectively, while brown
circles denote experimental data from the literature (tabulated in Table S4). Lag.755r0.25C002.875, LaC003.875, Lao.755r0.25F€02.875,
LaFeO;.s75s were compared with Lag 75Sr0.25C003., LaCoOs.y, LagsSro.1Fe0sy, LaFeOsx from Ref.>, Lag755r02sMn03 875 was compared

with (Lap.795r0.20)MnOs-y from Ref.5, Lag75Sr025Cr0O; 875 and LaCrO;.g75 were compared with LaggCag.12CrOs. from Ref.7 Extracted

migration barriers tabulated in Table S6.
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Figure S3. Correlation between migration barrier and covalency. Comparison between migration barrier and the energy of metal

states vs. the O 2p band center (as depicted in the schematics).
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Figure S4. Comparison of computed and experimental data for perovskites without d electrons. Migration barriers as a function
of the simulated chemical formula. Blue and orange circles represent NCC and CC migration barriers, respectively, while brown
circles denote experimental data from the literature (tabulated in Table S4). LaScO;.g75 and Lag.755r0.255¢05 875 were compared
with LageSro.1ScOsxfrom Ref.8, CaTiO, g75 was compared with CaTiOsfrom Ref.>, SrTiO; g75 was compared with SrTiOs. from Ref.?,
BaTiO.875 was compared with BaTiOs« from Ref.19, LaAlO;.s75 was compared with LaAlOs. cubic from Ref.11, Lagg75Sro0.125Al2.875
was compared with LaggSro1AIOs« from Ref.12, Lag75Sro.25Al2.875 was compared with LagsSro2AlO,5 from Ref.13, DyAlO,.g75 was
compared with Dyp.975Ca0.025A1034 from Ref.14, LaGa0,.g75 and Lag 755r0.25Ga0, 75 were compared with Lag oSro.1Ga0s from Ref.12,
PrGa0,s75 was compared with Prgg3Cag07GaossMgo.1s03«x from Ref.13, LalnO,g75 and Lag75Sro25In02.875 were compared with
Lap.9Sro.1In0s« from Ref.12 Extracted migration barriers tabulated in Table S6. Brown (black) Triangles correspond to the values of

conductivity (diffusivity measured in m2/s) extracted at 600 °C from the same references.
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Figure S5. Comparison between migration barriers in this work and computational literature. Empty and solid circles correspond
to oxides with and without d electrons, respectively. Orange data points correspond to CC migration barriers from this work
compared to those reported in Ref.16, Blue datapoints correspond to NCC migration barriers from this work compared to those
reported in Ref.16, Black datapoints correspond to NCC migration barriers compared to those reported in Ref.7, and gray

datapoints correspond to CC migration barriers compared to those reported in Ref.!4. Data extracted from literature are tabulated

in Table S7.
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Figure S6. Electronic signatures of oxygen vacancies and migration barriers in (La,Sr)CoOs.. Computed electronic density of
states (DOS) of (a) LaCoO3, LaCo0,.g75 with (b) NCC and (c) CC oxygen vacancies, and Lag.7s5r0.25C002.875 with (d) NCC and (e) CC
oxygen vacancies. (f) NCC (blue) and CC (orange) energy landscapes of (La,Sr)CoOs. Computed electronic DOS of (g) SrCo0Q3, and

(h) SrCo0, 875 with NCC oxygen vacancies.
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Figure S7. Electronic signatures of oxygen vacancies and migration barriers in (La,Sr)NiOs.. Computed electronic DOS of (a)
LaNiOs, LaNiO,.s75 with (b) NCC and (c) CC oxygen vacancies, and Lag755r0.25NiO2 875 with (d) NCC and (e) CC oxygen vacancies. (f)
NCC (blue) and CC (orange) energy landscapes of (La,Sr)NiOs.. Computed electronic DOS of (g) SrNiOs, and (h) SrTiO;.g75 with NCC

oxygen vacancies.
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Figure S8. Origin of vacancy electronic states in LaTiOs75. Orbital-projected DOS of (a) LaTiOs; (b) CC LaTiO2.s7s, and (c) NCC
LaTiO,.g75. Electronic orbitals are visualized in different colors as indicated in panel (a): cyan for La 4f, blue for La 5d, gray for Ti

3d, black for Ti 3p, and red for O 2p. For each panel, a zoomed version of the plot (between -5 and 1 eV) is included on the right.
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Figure S9. Site-projected DOS of LaTiO.s7s. (a) CC defected supercell of LaTiO,.g75. Four B-site Ti ions are labeled. Ti; and Ti, are
not neighbors to the oxygen vacancy while Ti; and Tizare neighbors to the oxygen vacancy. (b) Computed DOS of CC LaTiO .75
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Figure S10. Electronic DOS of Lag.755r0.25Ti02.875 with CC oxygen vacancies.
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Figure S11. Trends in excess charge screening of oxygen vacancies. Normalized atomic excess charge density distribution on the
cation sublattice, sorted by distance from the oxygen vacancy, for (a) NCC LaTiO3.s75 (b) CC LaTiO2.875, NCC (c) Lag.755r0.25TiO2.875,
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structures with cation IDs corresponding to the x-axis are added to each panel with substituent atoms highlighted in green.
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Figure S12. Electronic signatures of oxygen vacancies and migration barriers in (La,Sr)AlOs,. Computed electronic DOS of (a)
LaAlO3, LaAlO, g75 with (b) NCC and (c) CC oxygen vacancies, and Lag.75Sr0.25A10, 875 with (d) NCC and (e) oxygen vacancies. The
DOS is referenced to the valence band maximum (VBM) of the perfect structure (LaAlOs). (f) NCC (blue) and CC (orange) energy
landscapes of (La,Sr)AlO3.

S16



LalnO; g75 LalnO, g5 La 75Sr0.25IN0; 75 25
5 8 : 8 i Y e e
o e _E_- ‘. = — 'f-g 0
C ] == ] — __— o)
4r 7] 4 ] ] 4 m ar p. i 2 5 7]
< - . - ) vl i — i G
3 2 . 3 2f . 3 2k 1 3 2f . sl i
s [ ] = Il = ] s S ©
g | | g ] g I ¢
2 1) — 2 ok L 2 1) R N— ] i o] S — 2 9
3 > > > e 1 |8
= <t =g =) | c \a
2 2 . 22 - ) 4 o2 S e
L o E ] E w - g ] H = [
I ] ] [ ] [ 05 |7 .
4 _ 4l . 4 3 -4l .
[ ] ] [ ] A A I
-6 -6 -6 -6 0 0.5 1
remove O remove O and 2e Coordinate

Figure S13. Electronic signatures of oxygen vacancies and migration barriers in (La,Sr)InOs,. Computed electronic DOS of (a)
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Figure S15. Charge localization in oxygen vacancies of (La,Sr)Ga0,.g75. Atomic excess charge density distribution on the cation
sublattice sorted by distance from the oxygen vacancy for (a) NCC LaGaO,.g7s (b) NCC Lag755r0.25Ga0, 875, and c¢) CC LaGaO;.g75. A
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It is seen that Sr-substitution (panel b) prevents accumulation of localized charge near oxygen vacancy, similar to CC LaGa0O3.s7s

(panel c). The atomic excess charge is evaluated as described in the supplementary computational methods.
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Figure $19. Comparison between vacancy formation energies in this work and computational literature. Empty and solid circles
correspond to oxides with and without d electrons, respectively. Orange datapoints correspond to CC vacancy formation energies
from this work compared to those reported in Ref.16, Blue datapoints correspond to NCC vacancy formation energies from this
work compared to those reported in Ref.16, Black datapoints correspond to NCC migration barriers compared to those reported
in Ref.7, and grey datapoints correspond to CC migration barriers compared to those reported in Ref.18. The vacancy formation
energies from Mayeshiba and Morgan?® were reported at 1073 K and 1 bar and we referenced at OK for comparison with our

data. Data extracted from the literature are tabulated in Table S7.
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Figure S32. Correlation between vacancy excess charge density and energy of vacancy states relative to CBM for rutile and
fluorite structures. The vacancy excess charge density was computed considering three and four neighboring cations to the
oxygen vacancy for rutile (squares) and fluorite (diamonds) structures, respectively. A schematic is shown at the top left to depict

how the energy of vacancy states relative to CBM was computed.
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Figure S34. Comparison between migration barrier and energy of vacancy states relative to CBM for rutile and fluorite
structures. (a) ipv and (b) opv NCC migration barriers, (c) ipv and (d) opv CC migration barriers. A schematic of the pathway is
included for rutile (top left) and fluorite (bottom left) structures. Rutile and fluorite structures are labeled as squares and

diamonds, respectively.
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Supplementary Tables

Table S1. Crystal structure information and magnetic

moments for the obtaiend perfect perovskite structures. Magnetic moments of LaBO3 perovskites decrease with B changing in
the order Fe > Cr > Co >V > Ni >Ti, consistent with experimentally reported values of 4.6+-0.2 for LaFe03,2! 2.8 +- 0.2 for LaCr03,2!

2 for LaCoO3 at 90K,22 1.4 for LavV03,23 1 for LaNiO3,2* and 0.45 for LaTiO3 at 10K.%

stoichiometric formula lattice yype spacegroup lttice constants (4) lattice angles () magnetic moment
a b ¢ a B v (uB/atom)

BalnO3 orthorhombic Pnma 8.549 8.527 8.549 90 89.19 90 0.2
BaTiO3 monoclinic Pc 8.062 8.062 8.062 90 90 90 0.0
BazrO3 orthorhombic Imma 8.501 85 8.501 90 89.96 90 0.0
CaTio3 monoclinic Pc 7.879 7.874 7.879 90 89.91 90 0.0
CazrO3 orthorhombic Pnma 8.067 8.058 8.066 90 91.93 90 0.0
DyAlO3 orthorhombic Pnma 7.487 7.436 7.487 90 91.77 90 0.0
DyGa03 orthorhombic Pnma 7.704 7.625 7.703 90 93.14 90 0.0
Er0.755r0.25Ga03 monoclinic Pm 7.747 7.685 7.699 90 92.67 90 0.0
ErAlO3 orthorhombic Pnma 7.458 7.398 7.458 90 92.23 90 0.0
ErCo03 orthorhombic Pnma 7.509 7.347 7.509 90 94.33 90 0.0
ErGaO3 orthorhombic Pnma 7.663 7.6 7.662 90 93.32 90 0.0
La0.55r0.5Ni03 monoclinic P2_1/m 7.805 7.621 7.645 90 89.29 90 0.1
La0.755r0.25A103 monoclinic P2/m 7.876 7.871 7.863 90 89.54 90 0.0
La0.755r0.25Co03 monoclinic Pm 7.692 7.686 7.698 90.02 89.5 89.98 0.4
La0.755r0.25Cr03 monoclinic Pm 7.801 7.795 7.798 90 89.92 90 0.6
La0.755r0.25Fe03 monoclinic Pm 7.753 7.739 7.748 90.05 89.67 90.04 0.7
La0.755r0.25Ga03 monoclinic Pm 7.876 7.871 7.863 90 89.54 90 0.0
La0.755r0.25In03 monoclinic Pm 8.345 8.346 8.332 90 92.11 90 0.1
La0.755r0.25Mn03 monoclinic Pm 7.827 7.819 7.816 90 89.82 90 0.6
La0.755r0.25Ni03 monoclinic Pm 7.708 7.701 7.696 90 89.43 90 0.1
La0.755r0.255c03 monoclinic Pm 8.176 8.148 8.159 90 91.29 90 0.0
La0.755r0.25Ti03 monoclinic Pm 7.92 7.924 7.918 90 90.37 90 0.1
La0.755r0.25TI03 monoclinic Pm 8.556 8.588 8.537 90 93.08 90 0.0
La0.755r0.25V03 monoclinic Pm 7.845 7.825 7.843 90 90.01 90 0.4
La0.8755r0.125A103 orthorhombic Amm2 7.64 7.615 7.673 90 89.76 90 0.0
La0.8755r0.1255c03 monoclinic Pm 8.156 8.139 8.19 90 91.37 90 0.0
LaAIO3 orthorhombic Imma 7.64 7.615 7.673 90 89.76 90 0.0
LaCoO3 orthorhombic Pnma 7.724 7.725 7.759 90 89.76 90 0.3
LaCrO3 orthorhombic Pnma 7.844 7.824 7.844 89.99 90.26 90.01 0.6
LaCuO3 orthorhombic Pnma 7.81 7.789 7.81 90 89.7 90 0.0
LaFeO3 orthorhombic Pnma 7.804 7.789 7.805 90 90.08 90 0.7
LaGaO3 orthorhombic Pnma 7.874 7.87 7.875 90 90.27 90 0.0
LalnO3 orthorhombic Pnma 8.325 8.334 8.325 90 92.31 90 0.0
LaMnO3 orthorhombic Pnma 7.892 7.864 7.895 90 90.5 90.01 0.8
LaNiO3 orthorhombic Pnma 7.715 7.726 7.715 90 89.76 90 0.1
LaPdO3 orthorhombic Pnma 8.273 7.855 8.273 90 93.89 90 0.0
LaRuO3 orthorhombic Pnma 8.06 7.911 8.059 90 94.76 90 0.2
LaScO3 orthorhombic Pnma 8.156 8.139 8.19 90 91.37 90 0.0
LaTiO3 orthorhombic Pnma 7.939 7.931 7.939 89.99 90.86 90.01 0.0
LaTlO3 orthorhombic Pnma 8.516 8.604 8.553 90 93.22 90 0.0
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LavO3
LaYO3
PrCo03
PrFe03
PrGaO3
PrMn03
PrNiO3
PrScO3
PrTiO3
Prvo3
Sm0.755r0.25Ga03
SmO0.8755r0.125A103
SmAIO3
SmCu03
SmGa03
SrCo03
SrCu03
SrNiO3
SrTio3
SrzrO3
YAIO3
YCoO3
YCrO3
YFeO3
YGaO3
YMnO3
YNiO3
YScO3
YTiO3
YVO3

orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
monoclinic
monoclinic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic
orthorhombic

orthorhombic

Pnma
Pnma
Pnma
Pnma
Pnma
Pnma
Pnma
Pnma
Pnma
Pnma
Pm
Pm
Pnma
Pnma
Pnma
Imma
Imma
Pmc2_1
Imma
Pnma
Pnma
Pnma
Pnma
Pnma
Pnma
Pnma
Pnma
Pnma
Pnma

Pnma

7.873
8.507
7.718
7.81
7.849
7.876
7.691
8.123
7.931
7.862
7.831
7.546
7.546
7.76
7.794
7.673
7.757
7.674
7.879
8.273
7.489
7.556
7.687
7.707
7.72
7.769
7.632
7.929
7.817
7.728
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7.877
8.589
7.693
7.731
7.828
7.824
7.69
8.102
7.879
7.84
7.777
7.537
7.537
7.611
7.726
7.667
7.778
7.743
7.874
8.259
7.432
7.412
7.598
7.533
7.636
7.602
7.413
7.981
7.695
7.637

7.873
8.507
7.751
7.769
7.849
7.876
7.69
8.123
7.932
7.895
7.803
7.546
7.546
7.76
7.794
7.672
7.757
7.672
7.879
8.273
7.489
7.556
7.691
7.708
7.719
7.768
7.631
7.929
7.85
7.728

90
20
89.94
90
90
90
90
90
20
90
90
90
90
90
20
90
90
90
90
90
90
90.01
90.01
90
90
90.01
89.99
90
90
89.99

90.43
92.04
90.44
90.87
90.88
91.18
90.09
92.05
91.67
91.41
91.47
90.39
90.39
92.85
92.21
89.91
89.76
89.56
89.91
90.5
91.87
93.74
93.37
94.1
93.03
93.83
93.89
92.97
93.79
93.8

90
90
90.14
89.99
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
89.99
89.99
90.01
90
90.01
90.01
90
90.01
90

0.2
0.0
0.3
0.7
0.0
0.8
0.1
0.0
0.2
0.2
0.1
0.0
0.0
0.0
0.0
0.5
0.1
0.0
0.0
0.0
0.0
0.0
0.6
0.7
0.0
0.8
0.2
0.0
0.2
0.4



chemical formula

CC Migration Barrier (eV)

NCC Migration Barrier

Table S2. Computed NCC and CC vacancy formation energies and migration barriers.

CC Vacancy Formation

NCC Vacancy Formation

(ev) Energy (eV) Energy (eV)
Baln02.875 0.5832 0.5809 -0.7053 -0.5488
BaTi02.875 0.5830 0.7515 0.7194 5.2307
Bazr02.875 0.5831 1.6027 1.2024 6.5627
CaTi02.875 0.1058 0.3105 0.2214 5.4882
Cazr02.875 0.4888 0.8399
DyAlO2.875 0.5675 3.0553 1.4105 6.5755
DyGa02.875 0.4470 2.2789 0.1735 5.2951
Er0.755r0.25Ga02.875 0.4685 0.1990
ErAlO2.875 0.6066 3.0829 1.1190 6.6217
ErCo02.875 1.1541 1.4199 3.1014 3.5339
ErGa02.875 0.4791 2.3137 0.2190 5.2830
La0.55r0.5Ni02.875 0.7182 0.8399
La0.755r0.25A102.875 0.5435 0.5854 0.2831 0.4973
La0.755r0.25C002.875 0.7709 0.7599 1.9526 2.2952
La0.755r0.25Cr02.875 1.2327 0.8934 3.8170 4.4030
La0.755r0.25Fe02.875 0.6138 0.6919 3.5103 3.2440
La0.755r0.25Ga02.875 0.4354 0.3158 -0.3794 -0.1453
La0.755r0.25In02.875 0.2894 0.0716
La0.755r0.25Mn02.875 0.7783 0.8122 2.9085 3.1570
La0.755r0.25Ni02.875 0.7398 0.7724 1.1135 1.3973
La0.755r0.255¢02.875 0.3180 0.3430 0.3598 0.5487
La0.755r0.25Ti02.875 1.6051 1.6958 5.9760 5.9676
La0.755r0.25T102.875 0.1969 -0.1954
La0.755r0.25V02.875 1.1365 1.3838 4.9747 5.1445
La0.8755r0.125A102.875 0.6007 1.7981 0.5521 3.3154
La0.8755r0.1255¢02.875 0.3755 1.2530 0.6204 2.3546
LaAlO2.875 0.6235 2.9162 1.0157 6.2177
LaCo02.875 0.6857 0.7995 2.6089 2.8650
LaCr02.875 1.0554 1.4389 #DIV/0! 5.1785
LaCu02.875 0.5227 0.5666 0.8457 1.1526
LaFe02.875 0.5310 0.8489 3.6144 3.6392
LaGa02.875 0.3332 2.0420 0.1601 5.1021
Laln02.875 0.3510 1.7581 0.3516 4.5221
LaMn02.875 1.0573 1.0980 4.5934 4.7650
LaNi02.875 0.7845 0.8834 1.8937 2.1513
LaPd02.875 1.0930 1.1132 2.1276 2.1134
LaRu02.875 1.4567 1.6200 3.9316 4.0001
LaSc02.875 0.4285 1.8220 0.9759 6.4640
LaTi02.875 1.4843 1.5418 5.9663 5.8765
LaTlO2.875 0.2056 0.7982 0.3135 2.1002
LaVv02.875 1.3713 1.5972 5.3475 5.2981
LaY02.875 0.2572 1.1511 1.0400 6.4989
PrCo02.875 0.7020 0.6942 2.7809 3.0466
PrFe02.875 0.8563 0.8976 3.6301 3.8243
PrGa02.875 0.3450 2.1174 0.7346 5.1656
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PrMn02.875
PrNi02.875
Prsc02.875
PrTi02.875
Prv02.875

SmO0.755r0.25Ga02.875
Sm0.8755r0.125A102.875

SmAIO2.875

SmCu02.875

SmGa02.875

SrCo02.875

SrCu02.875
SrNi02.875
SrTi02.875
Srzr02.875
YAI02.875
YCo02.875
YCr02.875
YFe02.875
YGa02.875
YMn0O2.875
YNiO2.875
YSc02.875

YTi02.875
YV02.875

1.4152
0.8492
0.4724
1.5719
1.4154

0.4302
0.5631
0.6557
0.3499

0.7032

0.4597
0.5197
0.6419
1.1221
1.0730
1.1914
0.4177
1.1922
0.9704
0.3378
1.4067
1.5887

1.7766
0.8745
1.8495
1.5329
1.7797
0.3862
1.6524
3.1735

2.2095
0.6450
0.7737
0.4760
0.6485
1.4870

1.2584

1.0170
2.2103

1.0922
1.7675
1.2995
1.8070

542

4.4810
2.0993
1.6620
5.8665
5.5188

0.3936
1.3416
1.1326
0.2108

-0.9861

0.8256
1.2203
1.0963
2.6950
5.0608
4.5835
0.1776
4.5742
2.5122
1.0802
5.9420
5.5840

4.5458
2.3237
6.3980
5.6700
5.7685
-0.1773
3.3353
6.4367

5.2202
0.6536
-0.7251
-0.2452
5.2225
6.6308
6.5283
3.4609

3.9407
5.2677

2.4385
6.5493
6.0474
5.3934



Table S3. Computed electronic descriptors of migration barrier and vacancy formation energy. The orbital overlap was computed
as the relative position of filled metal d and O 2p bands for oxides with d electrons while for oxides without d electrons and
localized charge it was computed as the relative position of the lowest unoccupied metal states vs. the top filled localized states

(as defined by the Fermi level).

NCC
CC vacancy
vacancy
0 2p Band cCO2p NCC O 2p Band NCC Orbital CC Orbital excess
Center vs E¢ Band Center Center vs E¢ overlap overlap charge excess
chemical formula charge
(eV) vs Er (eV) (ev) (eV) (ev) density
R density
Figure 1c Figure 5b Figure 5b Figure 1d Figure 1d (e/A3) .
(e/A3)
Figure 1e
Figure 1e

Baln02.875 -1.450 -1.430 -1.464 0.000 0.002
BaTi02.875 -1.896 -2.023 -4.158 0.000 0.000 0.006
Bazr02.875 -1.608 -1.732 -4.935 0.070 0.000 0.011
CaTi02.875 -1.732 -1.989 -4.543 0.000 0.000 0.006

Cazr02.875 -1.456 -1.543 0.680 0.001

DyAl02.875 -2.089 -2.129 -4.807 2.731 0.000 0.023
DyGa02.875 -1.803 -1.855 -3.696 2.161 0.001 0.019
Er0.755r0.25Ga02.875 -1.815 -1.912 0.003
ErAlO02.875 -2.113 -2.104 -4.821 2.911 0.000 0.025
ErCo02.875 -3.776 -3.728 -4.060 1.996 1.717 0.002 0.012
ErGa02.875 -1.839 -1.849 -3.665 2.231 0.001 0.020
La0.55r0.5Ni02.875 -2.663 -2.837 0.719 -0.019
La0.755r0.25A102.875 -1.907 -1.934 -5.066 0.000 0.002
La0.755r0.25C002.875 -3.413 -3.421 -3.593 1.086 0.740 0.000 0.005
La0.755r0.25Cr02.875 -3.817 -3.929 -4.005 1.546 1.345 0.001 0.009
La0.755r0.25Fe02.875 -4.014 -3.857 -4.165 0.912 0.495 0.000 0.007
La0.755r0.25Ga02.875 -1.778 -1.815 -1.917 0.000 0.003
La0.755r0.25In02.875 -1.421 -1.518 0.003
La0.755r0.25Mn02.875 -3.030 -3.858 -4.227 1.037 0.837 0.004 0.006
La0.755r0.25Ni02.875 -2.901 -2.827 -3.103 1.003 0.734 0.001 0.005
La0.755r0.255¢02.875 -1.397 -1.429 -5.066 0.000 0.000 0.002
La0.755r0.25Ti02.875 -5.358 -5.087 -5.392 1.159 1.132 0.007 0.013
La0.755r0.25T102.875 -1.477 -1.518 0.003
La0.755r0.25V02.875 -4.743 -4.805 -4.857 1.837 1.531 0.006 0.012
La0.8755r0.125A102.875 -2.089 -2.170 -4.491 0.880 0.005 0.009
La0.8755r0.1255c02.875 -1.377 -1.424 -3.906 0.930 0.000 0.007
LaAl02.875 -2.187 -2.262 -4.655 1.430 0.000 0.017
LaCo02.875 -3.536 -3.843 -3.684 1.437 1.017 0.001 0.006
LaCr02.875 -4.071 -3.495 -4.667 1.746 1.510 0.004 0.012
LaCu02.875 -2.738 -2.655 -2.885 0.060 -0.193 0.000 0.004
LaFe02.875 -4.227 -4.081 -4.311 1.128 0.816 0.001 0.008
LaGa02.875 -1.815 -1.906 -3.641 1.831 0.000 0.015
Laln02.875 -1.484 -1.522 -3.024 1.580 0.001 0.013
LaMn02.875 -4.377 -4.022 -4.365 1.101 0.928 0.002 0.010
LaNi02.875 -3.187 -3.121 -3.427 1.395 1.015 0.001 0.006
LaPd02.875 -3.337 -3.169 -3.392 0.339 0.149 0.004 0.008
LaRu02.875 -4.252 -4.165 -4.281 1.786 1.557 0.005 0.011
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LaSc02.875
LaTi02.875
LaTlO2.875
Lav02.875
LaY02.875
PrCo02.875
PrFe02.875
PrGa02.875
PrMn02.875
PrNi02.875
Prsc02.875
PrTi02.875
Prv02.875
SmO0.755r0.25Ga02.875
Sm0.8755r0.125A102.875
SmAIO02.875
SmCu02.875
SmGa02.875
SrCo02.875
SrCu02.875
SrNi02.875
SrTi02.875
Srzr02.875
YAIO02.875
YCo02.875
YCr02.875
YFe02.875
YGa02.875
YMn02.875
YNiO2.875
YSc02.875
YTi02.875
YV02.875

-1.449
-5.589
-1.794
-4.815
-1.214
-3.566
-4.282
-1.797
-4.406
-3.287
-1.471
-5.665
-4.958
-1.754
-2.067
-2.097
-2.816
-1.771
-2.865
-2.143
-2.413
-2.129
-1.517
-2.069
-3.732
-4.131
-4.180
-1.773
-4.413
-3.460
-1.594
-5.474
-4.909

-1.480
-5.314
-1.813
-4.780
-1.283
-3.550
-4.050
-1.893
-4.148
-3.196
-1.513
-5.391
-4.684

-2.152
-2.243
-2.735
-1.869

-2.152

-2.290
-1.688
-2.103
-3.668
-3.999
-3.914
-1.818
-4.182
-3.318
-1.540
-5.381
-4.779

-4.564
-5.538
-2.055
-4.907
-5.405
-3.766
-4.335
-3.673
-4.537
-3.492
-5.562
-5.572
-4.898
-1.901
-4.617
-4.900

-3.669
-3.054
-2.205
-2.482
-4.492
-4.883
-4.779
-3.988

-4.272
-3.673

-3.559
-5.721
-5.505
-4.987
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0.840
1.547
1.230
2.139
1.040
1.654
1.159
1.931
1.196
1.364
1.060
1.622
2.165
0.000
1.020
2.061

2.041
0.011
-0.737
0.255
0.000
0.420
2.641
1.975

0.950
2121

1.268
1.110
1.733
2.258

1.107
1.230
1.846

1.215
0.774
0.000
1.017
1.063

1.197
1.810

-0.125

-0.751

1.679
1.646
0.852
2121
0.928
1.038
1.110
1.505
1.955

0.000
0.008
0.000
0.006
0.000
0.001
0.003
0.001
0.004
0.002
0.000
0.009
0.008

0.001
0.000
0.002
0.001

0.001

0.000
0.001
-0.001
0.002
0.004
0.003
0.001
0.003
0.003
0.000
0.011
0.009

0.013
0.014
0.009
0.013
0.012
0.007
0.008
0.016
0.011
0.006
0.014
0.017
0.014
0.003
0.011
0.020

0.017
0.004
0.003
0.002
0.008
0.013
0.022
0.010

0.009
0.019

0.008
0.017
0.018
0.017



Table S4. DFT+U computed vacancy formation energies and migration barriers for selected oxides. The U correction values utilized

were sourced in the Materials Project and are calibrated based on formation enthalpies of transition metal oxides.2¢

NCC
CC vacancy
vacancy
cc cc Nce excess
migration Nee vacanc vacancy excess
Compound ™ U value g . migration 'y formation charge
barrier barrier (V) formation ener charge
(ev) energy (eV) gy density
(ev) . density
(e/A®) .
(e/A%)
LaCo02.875 Co 3.32 0.6715 0.7945 2.7554 2.9754 0.0011 0.0061
LaFe02.875 Fe 5.3 1.0409 4.6122 0.0038
LaMn02.875 Mn 3.9 1.4959 5.0961 0.0093
Lav02.875 \ 3.25 1.1008 2.6720 5.2753 5.6025 0.0051 0.0151
PrCo02.875 Co 3.32 0.4176 0.5880 2.9285 3.2020 0.0003 0.0059
PrMn02.875 Mn 3.9 0.6664 5.1267 0.0018
PrNiO2.875 Ni 6.2 0.7813 2.3349 0.0065
Prv02.875 \ 3.25 1.4219 1.8120 5.4273 5.4799 0.0079 0.0146
YC002.875 Co 3.32 1.1336 1.4051 2.7802 3.1997 0.0023 0.0111
YMn02.875 Mn 3.9 0.8683 4.6737 5.0874 0.0018 0.0093
YV02.875 Y 3.25 1.0743 5.9157 0.0078
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Table S5. Kinetic electronic structure descriptors of migration barrier.

Elcc - Raise in
Elcc - Raise in

energy of empty
energy of empty Elnce+ E2nece
vacancy electronic
chemical formula vacancy electronic (ev)
states
states (eV) Figure 6¢
(eV)
Figure 7b
Figure 7b
BaTi02.875 0
Bazr02.875 -0.0901
CaTi02.875
DyAlO02.875 0.9721 1.9905
DyGa02.875 0.4768 1.7605
Er0.755r0.25Ga02.875 0.545
ErAl02.875 0.9419 2.1606
ErGa02.875 0.4816 1.8405
La0.755r0.25A102.875 0.7602 0.6901
La0.755r0.25Ga02.875 0.5953 0.7403
La0.755r0.25In02.875 0.43
La0.755r0.255¢02.875 0.6415 0.5769
La0.755r0.25T102.875 0.2888
La0.8755r0.125A102.875 0.8502 0.6701
La0.8755r0.1255c02.875 0.5901 0.4902
LaAlO2.875 0.88 1.4304
LaGa02.875 0.5518 1.5204
Laln02.875 0.32 1.2903
LaSc02.875 0.631 0.7102
LaTlO2.875 0.152 0.4401
LaY02.875 0.3246 0.6401
PrGa02.875 0.5299 1.5404
Prsc02.875 0.6488 0.6402
Sm0.755r0.25Ga02.875 0.5212
Sm0.8755r0.125A102.875 0.8302 0.6502
SmAIO2.875 0.9502 2.0605
SmGa02.875 0.5503 1.6504
SrTi02.875 0
SrZr02.875 0.6802 -0.0501
YAI02.875 0.9621 1.7904
YGa02.875 0.4633 1.7304
YSc02.875 0.3094 0.9403
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Table S6. Experimental data gathered from literature for comparison with computation.

Experimental

chemical formula migration
experimental chemical formula barrier (eV) Reference

BaTi02.875 BaTiO3-x 0.70 °
CaTi02.875 CaTiO3-x 0.49 >
DyAl02.875 Dy0.975Ca0.025A103-x 1.24 1
1a0.755r0.25A102.875 1a0.85r0.2A102.9 0.91 B
1a0.755r0.25Ga02.875 1a0.95r0.1Ga03-x 0.60 2
La0.755r0.25In02.875 1a0.95r0.1In03 0.70 2
1a0.755r0.255c02.875 120.9510.15C03.x 0.47 8
La0.8755r0.125A102.875 1a0.95r0.1AI03 0.95 8
LaAl02.875 LaAl03-x; cubic 0.65 "
LaGa02.875 1a0.95r0.1Ga03 0.60 2
Laln02.875 1a0.95r0.1In03 0.70 2
LaSc02.875 L20.9Sr0.15c03x 0.47 8
PrGa02.875 Pr0.93Ca0.07Ga0.85Mg0.1503-x 0.65 »
SrTi02.875 SrTi03-x 0.65 °
La0.755r0.25C002.875 Lao.75Sr0.25C003-x 0.82 ®
1a0.755r0.25Cr02.875 1a0.9Ca0.12Cr03-x 1.74 7
1a0.755r0.25Fe02.875 Lao.sSro1Fe0sx 0.77 s
1a0.755r0.25Mn02.875 1a0.795r0.2Mn03 0.73 ¢
LaCo02.875 LaCo03 0.80 ®
LaCr02.875 1a0.9Ca0.12Cr03-x 1.74 7
LaFe02.875 LaFeOsx 0.77 >
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Table S7. Computational data gathered from literature for comparison. MB refers to “migration barrier” and Evac refers to
“vacancy formation energy”. The vacancy formation energies in Ref.1 are reported at 1073K and 1 bar and were referenced at

0K for comparison with the data from this work by adding a conversion factor for the energy of oxygen at 0K (+0.902 eV).

cc cc NCC NCC NCC
cc NCC VB NCC MB
MB Evac Evac MB Evac MB Evac MB
MB from from from
Chemical Formula from from from from from
Ref.1 Ref.1® Ref.’
Ref.1° Ref.1® Ref.1® Ref.?’ Ref.!
(ev) (ev) (eV)
(ev) (eV) (eV) (ev) (eV)
BaTi02.875 0.67 -0.09
Bazr02.875 0.69 0.08
DyAlO2.875 0.55 0.38 0.04
DyGa02.875 0.44 -0.65
ErAlO2.875 0.59 0.11
ErCo02.875 1.22 1.08
ErGa02.875 0.47 -0.62
La0.755r0.25C002.875 0.79 1.40
La0.755r0.25Cr02.875 1.17 3.52
La0.755r0.25Fe02.875 1.00 2.46
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Supplementary Electronic Density of States
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Perfect structures without d electrons
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NCC defected structures with d electrons
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CC defected structures with d electrons
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NCC defected structures without d electrons
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CC defected structures without d electrons
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NCC defected structures without d electrons — Transition State
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CC defected structures without d electrons — Transition State
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