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Crystal Structures

The crystal structures of all transition metal oxides (TMOs) considered in this work are dis-

played in Figure S1. CrO2, MnO2 and TiO2 have a rutile (P42/mnm) ground state structure.

In rutile, the metal ion forms a body-centred tetragonal lattice with six anions forming an

octahedron around each metal ion while each anion is coordinated to three cations. These

octahedra share edges to form chains along the c-axis, with distinct chains connected by

shared corners.1–5 TiO2, CrO2, and MnO2 are diamagnetic, metallic ferromagnetic (FM),3

and antiferromagnetic, (AFM)6 respectively. VO2, which exhibits a rutile structure at high

temperatures, undergoes a transition to a monoclinic (P21/c) symmetry at temperatures

below 341 K.7 This structural transition is due to a metal-to-insulator transition (MIT),

which causes the distance between V4+ to decrease, forming homopolar bonds, and trapping

the d -electrons.7 VO2 exhibits a FM configuration.

Ti2O3 and Cr2O3 adopt a hexagonal (R3̄cR) ground state symmetry with oxygen in

hexagonal close packing and metal ions occupying two-thirds of the octahedral sites.8,9 Cr2O3

exhibits a ↑↓↑↓ magnetic configuration while Ti2O3 displays a ↑↓↓↑ magnetic configuration

on the transition metal (TM) centers along the a-axis.10,11 V2O3 undergoes structural dis-
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tortion from room temperature hexagonal (R3̄c) with paramagnetic configuration to an

AFM monoclinic (I 2/a) form below 160-170 K due to a MIT.12–14 The structural transition

is associated with rotation of V-V bonds while the electrical transition is associated with

an increase of V-V distance across the face shared octahedra. Fe2O3 exhibits hexagonal

(R3̄c) structure with oxygen forming a hexagonal close packed lattice and Fe3+ occupying

two-thirds of the trigonally distorted octahedral sites. The AFM configuration of Fe2O3 is

displayed in Figure S1.15

The rocksalt structures (Fm 3̄m) considered in this work include VO, MnO, FeO, CoO,

and NiO, all of which adopt the type-II AFM configuration as their ground states.16–21

To model the type-II AFM configuration, we used a 2 × 2 × 2 supercell of the rocksalt

rhombohedral primitive cell in VO, MnO, and FeO, while we used a 1 × 2 × 1 supercell of

the primitive for NiO and CoO.

The spinels considered in this study include Mn3O4, Fe3O4, and Co3O4. Among the

spinels, Mn3O4 is tetragonally distorted (I 41/amd) due to the Jahn-Teller distortion of the

Mn3+ present in the octahedral sites of the structure.22 Also, we consider the “FIM6” fer-

rimagnetic configuration since it was reported to be the most stable among the 6 different

ferrimagnetic configurations in our previous work.23 At room temperature, Fe3O4 exhibits

an inverse cubic spinel (Fd 3̄m) with O atoms forming cubic close packed array, Fe3+ occu-

pying the tetrahedral sites, and both Fe3+ and Fe2+ randomly distributed in the octahedral

sites. Additionally, Fe3O4 is reported to exhibit a Verway transition away from its room

temperature cubic structure to either an orthorhombic24 or a monoclinic25 structure upon

relaxation at low temperatures (< 120 K). This results in charge ordering of the Fe2+ and

Fe3+ in the octahedral sites26 and an opening of the band gap.27 Co3O4 exhibits the primitive

spinel structure (Fd 3̄m) with Co2+ occupying tetrahedral sites in high spin state in an AFM

configuration while Co3+ occupy octahedral sites in their low spin, diamagnetic state.28–30

We consider FM-ordered α-Mn2O3 with the bixbyite structure similar to our previous

work,23 wherein each Mn3+ ions are octahedrally coordinated with O while each O atom is
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surrounded by 4 Mn atoms. Below 300 K, Mn2O3 exhibits Jahn-Teller distortion from cubic

to an orthorhombic form (Pbca).31 LiNiO2 possesses a layered structure with an alternating

layer of Li and Ni atoms,32 and we used a primitive cell of LiNiO2 (P1m1) in our calculations.

V2O5 exhibits an orthorhombic (Pmmn) structure, and adopts a layered morphology with

each oxygen coordinated vanadium (i.e., VO5 square pyramids) sharing edges and corners.33

CuO exhibits a monoclinic (C2/c) ground state with AFM configuration where each

oxygen atom is surrounded by a distorted copper tetrahedron while each copper atom is

surrounded by four oxygen in a square-planar configuration.34 We used a 2× 1× 2 supercell

to model the AFM ground state of CuO. In Cu2O, oxygen forms a BCC lattice with each

oxygen ion surrounded by a tetrahedron of copper ions while copper is coordinated with two

oxygens and thus exhibits a linear O-Cu-O configuration.34,35
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Figure S1: Crystal structures of TMOs considered in our work. Blue, green, and orange
polyhedra represent TM centers with up, down, and no spin, respectively. Red spheres are
oxygen atoms. Yellow polyhedra in LiNiO2 represent Li atoms. RS refers to the 1 × 2 × 1
supercell of the rocksalt structure of NiO and CoO.
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Oxidation energetics of Cr and Cu oxides
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Figure S2: Oxidation enthalpy versus applied U within the restored regularized strongly
constrained and appropriately normed (r2SCAN)+U framework for (a) Cr and (b) Cu oxides.
Notations on the plot are similar to those used in Figure 1 of the main text.

On-site magnetic moments
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Figure S3: Difference between experimental and calculated on-site magnetic moments using
the four functionals, plotted as a heatmap, for various systems. Red (blue) squares indicate
overestimated (underestimated) calculated lattice volumes versus experiment.
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Transferability checks
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Figure S4: Difference between experimental and calculated lattice volumes (using r2SCAN
and r2SCAN+U ), plotted as a heatmap, for various systems. Red (blue) squares indicate
overestimated (underestimated) calculated lattice volumes versus experiment.

Table S1: Optimal U value for all the TMs obtained for the strongly constrained and
appropriately normed (SCAN)+U functional used from previous study.23,36

Element Optimal U (eV)
Ti 2.5
V 1.0
Cr 0.0
Mn 2.7
Fe 3.1
Co 3.0
Ni 2.5
Cu 0.0
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Lattice parameters, on-site magnetic moments, and band

gaps

Table S2: Lattice parameters, on-site magnetic moments, and band gaps obtained from experiments (denoted by

‘Expt.’) and calculated by SCAN, SCAN+U, r2SCAN, and r2SCAN+U for all TMOs considered in this

study. The U values used with r2SCAN+U and SCAN+U are the corresponding optimal U values obtained

for each TM, i.e., from Figure 1 of the main text and Table S1, respectively.

Lattice constants Lattice angles On-site Band gap

Composition Source (Å) (°) Magnetic

(space group) a b c α β γ moment (µB) (eV)

Ti2O3 Expt. 5.43 5.43 5.43 56.7 56.7 56.7 0.03-0.20 0.20

(R3̄cR) 11,37 38

SCAN 5.45 5.45 5.45 55.8 55.8 55.8 0.002 Metallic

SCAN+U 5.57 5.61 5.57 55.8 55.9 55.8 0.872 1.54

r2SCAN 5.46 5.46 5.46 55.7 55.7 55.7 0.002 Metallic

r2SCAN+U 5.49 5.49 5.49 57.5 57.5 57.5 0.839 1.28

TiO2 Expt. 4.59 4.59 2.96 90.0 90.0 90.0 0 3.00

(P42/mnm) 39

SCAN 4.60 4.60 2.96 90.0 90.0 90.0 0 1.95

SCAN+U 4.61 4.61 3.00 90.0 90.0 90.0 0 2.21

r2SCAN 4.60 4.60 2.96 90.0 90.0 90.0 0 1.94

r2SCAN+U 4.62 4.62 2.99 90.0 90.0 90.0 0 2.21

VO Expt. 5.83 5.83 5.83 60.0 60.0 60.0 N/A N/A

(Fm 3̄m) SCAN 6.31 6.31 5.84 57.3 57.3 60.0 2.451 1.63

SCAN+U 6.31 6.31 5.94 57.9 57.9 60.0 2.564 2.12

r2SCAN 6.32 6.32 5.83 57.2 57.2 60.0 2.443 1.37

r2SCAN+U 6.33 6.33 5.92 57.7 57.7 60.0 2.554 2.04

Continued on next page
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Table S2: Lattice parameters, on-site magnetic moments, and band gaps obtained from experiments (denoted by

‘Expt.’) and calculated by SCAN, SCAN+U, r2SCAN, and r2SCAN+U for all TMOs considered in this

study. The U values used with r2SCAN+U and SCAN+U are the corresponding optimal U values obtained

for each TM, i.e., from Figure 1 of the main text and Table S1, respectively. (Continued)

V2O3 Expt. 7.26 5.00 5.55 90.0 96.8 90.0 1.20-2.37 0.20

(I 2/a) 40,41 42

SCAN 7.23 5.03 5.56 90.0 96.8 90.0 1.728 Metallic

SCAN+U 7.28 5.10 5.55 90.0 96.4 90.0 1.804 0.73

r2SCAN 7.29 5.01 5.52 90.0 97.5 90.0 1.690 Metallic

r2SCAN+U 7.29 5.09 5.56 90.0 96.4 90.0 1.795 0.36

VO2 Expt. 5.57 4.54 5.38 90.0 122.6 90.0 ∼1.00 0.70

(P21/c) 43 42

SCAN 5.68 4.54 5.35 90.0 122.1 90.0 1.105 Metallic

SCAN+U 5.83 4.52 5.35 90.0 122.3 90.0 1.074 Metallic

r2SCAN 5.69 4.55 5.36 90.0 122.1 90.0 1.111 Metallic

r2SCAN+U 5.83 4.53 5.36 90.0 122.3 90.0 1.082 Metallic

V2O5 Expt. 11.54 3.57 4.38 90.0 90.0 90.0 0 2.50

(Pmmn) 44

SCAN 11.56 3.55 4.28 90.0 90.0 90.0 0 1.69

SCAN+U 11.57 3.56 4.28 90.0 90.0 90.0 0 1.80

r2SCAN 11.60 3.55 4.32 90.0 90.0 90.0 0 1.72

r2SCAN+U 11.59 3.57 4.30 90.0 90.0 90.0 0 1.81

Cr2O3 Expt. 5.36 5.36 5.36 55.1 55.1 55.1 ± 2.760 3.20

(R3̄cR) 45 46

SCAN 5.36 5.36 5.36 55.0 55.0 55.0 2.736 1.89

r2SCAN 5.38 5.38 5.38 54.8 54.8 54.8 2.755 1.71

CrO2 Expt. 4.42 4.42 2.92 90.0 90.0 90.0 2.00 Metallic

Continued on next page
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Table S2: Lattice parameters, on-site magnetic moments, and band gaps obtained from experiments (denoted by

‘Expt.’) and calculated by SCAN, SCAN+U, r2SCAN, and r2SCAN+U for all TMOs considered in this

study. The U values used with r2SCAN+U and SCAN+U are the corresponding optimal U values obtained

for each TM, i.e., from Figure 1 of the main text and Table S1, respectively. (Continued)

(P42/mnm) 3 3

SCAN 4.40 4.40 2.91 90.0 90.0 90.0 2.278 Metallic

r2SCAN 4.41 4.41 2.92 90.0 90.0 90.0 2.356 Metallic

CrO3 Expt. 4.79 8.56 5.74 90.0 90.0 90.0 0 3.8047

(C2cm) SCAN 4.68 8.52 5.70 90.0 90.0 90.0 0 1.89

r2SCAN 4.75 8.59 5.72 90.0 90.0 90.0 0 1.95

MnO Expt. 6.29 6.29 6.29 60.0 60.0 60.0 4.580 3.60-3.80

(Fm 3̄m) 48 49

SCAN 6.29 6.29 6.17 59.4 59.4 60.0 4.436 1.39

SCAN+U 6.31 6.31 6.24 59.6 59.6 60.0 4.576 1.97

r2SCAN 6.30 6.30 6.19 59.4 59.4 60.0 4.446 1.45

r2SCAN+U 6.32 6.32 6.24 59.6 59.6 60.0 4.542 1.85

Mn3O4 Expt. 5.75 6.22 5.75 117.5 90.0 117.5 4.34,3.25-3.64 2.30-2.50

(I 41/amd) 50 51

SCAN 5.75 6.19 5.75 117.4 90.5 117.4 3.638,4.383 0.96

SCAN+U 5.80 6.23 5.80 117.5 90.5 117.5 3.814,4.556 1.38

r2SCAN 5.76 6.21 5.76 117.4 90.5 117.4 3.683,4.375 0.80

r2SCAN+U 5.80 6.24 5.80 117.5 90.4 117.5 3.807,4.504 1.06

Mn2O3 Expt. 9.41 9.42 9.40 90.0 90.0 90.0 3.10-4.20 1.20-1.29

(Pbca) 31,52 53,54

SCAN 9.40 9.42 9.41 90.0 90.0 90.0 3.681-3.799 Metallic

SCAN+U 9.45 9.48 9.47 90.0 90.0 90.0 3.864-3.923 0.24

r2SCAN 9.42 9.43 9.43 90.0 90.0 90.0 3.696-3.849 Metallic

Continued on next page
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Table S2: Lattice parameters, on-site magnetic moments, and band gaps obtained from experiments (denoted by

‘Expt.’) and calculated by SCAN, SCAN+U, r2SCAN, and r2SCAN+U for all TMOs considered in this

study. The U values used with r2SCAN+U and SCAN+U are the corresponding optimal U values obtained

for each TM, i.e., from Figure 1 of the main text and Table S1, respectively. (Continued)

r2SCAN+U 9.46 9.48 9.49 90.0 90.0 90.0 3.872-3.926 Metallic

MnO2 Expt. 4.40 4.40 2.87 90.0 90.0 90.0 2.350 0.27-0.3

(P42/mnm) 6 55,56

SCAN 4.39 4.39 2.85 90.0 90.0 90.0 2.612 0.32

SCAN+U 4.40 4.40 2.88 90.0 90.0 90.0 2.821 0.66

r2SCAN 4.39 4.39 2.87 90.0 90.0 90.0 2.704 0.11

r2SCAN+U 4.40 4.40 2.89 90.0 90.0 90.0 2.868 0.40

FeO Expt. 6.08 6.08 6.08 60.0 60.0 60.0 3.32-4.20 2.40

(Fm 3̄m) 57,58 59

SCAN 5.85 5.97 6.25 61.4 60.4 59.3 3.542 0.17

SCAN+U 6.14 6.14 6.02 61.4 61.4 59.6 3.669 1.58

r2SCAN 5.97 5.88 6.13 61.4 62.4 60.6 3.542 0.14

r2SCAN+U 6.14 6.13 6.13 60.3 59.6 60.1 3.675 1.47

Fe3O4 Expt. 8.39 8.39 8.39 90.0 90.0 90.0 4.44,4.10 0.14

(Fd 3̄m) 60 27

SCAN 8.34 8.34 8.34 90.0 90.0 90.0 3.793,3.844 Metallic

SCAN+U 8.40 8.40 8.46 90.0 90.0 90.3 3.694,4.172 0.47

r2SCAN 8.36 8.36 8.36 90.2 89.5 89.4 3.782,3.839 Metallic

r2SCAN+U 8.41 8.41 8.48 90.0 90.0 90.3 3.706,4.161 0.42

Fe2O3 Expt. 5.04 5.04 27.54 90.0 90.0 120.0 4.90 2.20

(R3̄c) 61 62

SCAN 5.03 5.03 27.49 90.0 90.0 120.0 4.056 0.60

SCAN+U 5.06 5.06 27.50 90.0 90.0 120.0 4.278 1.83

Continued on next page
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Table S2: Lattice parameters, on-site magnetic moments, and band gaps obtained from experiments (denoted by

‘Expt.’) and calculated by SCAN, SCAN+U, r2SCAN, and r2SCAN+U for all TMOs considered in this

study. The U values used with r2SCAN+U and SCAN+U are the corresponding optimal U values obtained

for each TM, i.e., from Figure 1 of the main text and Table S1, respectively. (Continued)

r2SCAN 5.05 5.05 27.52 90.0 90.0 120.0 4.052 0.61

r2SCAN+U 5.06 5.06 27.55 90.0 90.0 120.0 4.269 1.85

CoO Expt. 3.01 6.01 3.01 60.0 60.0 60.0 ± 3.35-3.80 2.40

(Fm 3̄m) 58,63 64,65

SCAN 3.00 5.99 3.00 59.9 60.0 60.0 2.581 0.91

SCAN+U 3.02 6.00 3.02 59.8 60.0 59.9 2.717 2.64

r2SCAN 2.99 5.99 2.99 60.0 60.0 60.0 2.575 0.61

r2SCAN+U 3.01 6.00 3.01 59.9 60.0 59.9 2.668 1.98

Co3O4 Expt. 5.71 5.71 5.71 60.0 60.0 60.0 ± 3.02,0.00 1.60

(Fd 3̄m) 30 64

SCAN 5.69 5.69 5.69 60.0 60.0 60.0 2.549 1.20

SCAN+U 5.71 5.71 5.71 60.0 60.0 60.0 2.716 1.23

r2SCAN 5.69 5.69 5.69 60.0 60.0 60.0 2.530 0.81

r2SCAN+U 5.71 5.71 5.71 60.0 60.0 60.0 2.653 0.83

NiO Expt. 2.95 5.91 2.95 60.0 60.0 60.0 ± 1.64-1.90 4.30

(Fm 3̄m) 48,66 67

SCAN 2.94 5.87 2.94 60.0 60.0 60.0 1.585 2.39

SCAN+U 2.95 5.89 2.95 60.0 60.0 60.0 1.690 3.35

r2SCAN 2.94 5.87 2.94 60.0 60.0 60.0 1.577 2.11

r2SCAN+U 2.94 5.89 2.94 60.0 60.0 60.0 1.677 3.17

LiNiO2 Expt. 5.01 5.01 5.02 80.4 70.6 60.0 1.00 N/A

(P1m1) 68,69

SCAN 5.11 4.87 5.06 78.5 67.7 58.3 0.879 Metallic

Continued on next page
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Table S2: Lattice parameters, on-site magnetic moments, and band gaps obtained from experiments (denoted by

‘Expt.’) and calculated by SCAN, SCAN+U, r2SCAN, and r2SCAN+U for all TMOs considered in this

study. The U values used with r2SCAN+U and SCAN+U are the corresponding optimal U values obtained

for each TM, i.e., from Figure 1 of the main text and Table S1, respectively. (Continued)

SCAN+U 5.10 4.87 5.07 78.6 67.3 58.4 1.020 0.13

r2SCAN 4.97 4.94 4.99 80.2 70.2 59.8 0.877 Metallic

r2SCAN+U 5.10 4.87 5.07 78.6 67.8 58.4 0.956 0.08

Cu2O Expt. 4.27 4.27 4.27 90.0 90.0 90.0 0 2.17-2.4

(Pn 3̄m) 34,70

SCAN 4.23 4.23 4.23 90.0 90.0 90.0 0 0.60

r2SCAN 4.23 4.23 4.23 90.0 90.0 90.0 0 0.58

CuO Expt. 9.37 3.42 10.26 90.0 99.5 90.0 0.680 1.40

(C2/c) 71 34

SCAN 8.80 3.70 10.26 90.0 96.3 90.0 0.607 0.79

r2SCAN 8.67 3.79 10.27 90.0 96.1 90.0 0.566 0.46
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Table S3: Lattice parameters reported experimentally (denoted by ‘Expt.’) and calculated
by r2SCAN, and r2SCAN+U for all TMOs considered as transferability checks. The U
values used with r2SCAN+U are the corresponding optimal U values obtained for each TM
(from Figure 1 of the main text).

Lattice constants Lattice angles
Composition Source (Å) (°)
(space group) a b c α β γ

Ba2TiO4 Expt. 6.09 7.68 10.54 90.0 93.0 90.0
(P21/n) r2SCAN 6.17 7.73 10.60 90.0 93.6 90.0

r2SCAN+U 6.20 7.75 10.63 90.0 93.9 90.0
BiVO4 Expt. 5.19 5.09 11.69 90.0 90.0 90.4
(I 2/b) r2SCAN 5.13 5.13 11.59 90.0 90.0 90.0

r2SCAN+U 5.13 5.13 11.58 90.0 90.0 90.0
K3MnO4 Expt. 5.90 5.90 8.01 90.0 90.0 90.0
(I 4̄2m) r2SCAN 6.51 6.50 6.92 90.0 90.0 90.0

r2SCAN+U 6.50 6.50 6.94 90.0 90.0 90.0
K2MnO4 Expt. 7.67 5.90 10.36 90.0 90.0 90.0
(Pnma) r2SCAN 7.64 5.81 10.32 90.0 90.0 90.0

r2SCAN+U 7.64 5.81 10.32 90.0 90.0 90.0
Mn2O7 Expt. 6.80 16.69 9.45 90.0 100.2 90.0
(P21/c) r2SCAN 6.72 16.68 9.20 90.0 99.5 90.0

r2SCAN+U 6.73 16.66 9.19 90.0 99.5 90.0
SrFeO3 Expt. 3.85 3.85 3.85 90.0 90.0 90.0
(Pm 3̄m) r2SCAN 3.83 3.83 3.83 90.0 90.0 90.0

r2SCAN+U 3.85 3.85 3.85 90.0 90.0 90.0

13



Computational time

Computational time required per ionic step for a TMO is calculated by dividing the overall computational

time by the total number of ionic steps completed during its structural relaxation. Similarly, computational

time required per electronic step for a TMO is calculated by dividing the overall computational time by the

total number of electronic steps completed during its structural relaxation. Relative computational time

is subsequently calculated as the computational time (overall, per ionic step, or per electronic step) of a

given functional divided by the corresponding computational time (overall, per ionic step, or per electronic

step) taken by the SCAN functional. Thus a value of 1.0 on the computational time scale indicates that the

functional takes an identical amount of time for structure relaxation as SCAN, while values lower (greater)

than 1.0 indicate lower (greater) computational time than SCAN. For a given TM-O2 binary system, we

simply averaged the relative computational times across the individual TMOs constituting the binary system.

All computational times were normalized per number of computing cores used in a calculation.
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Density of states

The electronic density of states (DOS) for all TMOs not illustrated in Figure 2 of the main text are included

in this section, from Figures S5 to S21. In each DOS plot, solid orange lines correspond to the 2p-states of

O, while solid green lines indicate the 3d -states of the TM. Li s states are not displayed in Figure S20. The

dashed black line represents the Fermi level. The dotted vertical lines represent the valence and conduction

band edges. Magnitude of the band gap in all gapped systems is indicated by the text annotation next to

the conduction band minimum. The zero on the energy scale is set to the valence band maximum for TMOs

with a finite band gap and to the Fermi level in metallic systems.
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Figure S5: DOS plots for CoO calculated using (a) SCAN+U, and (b) r2SCAN+U. DOS plots
for V2O3 calculated using (c) SCAN, and (d) SCAN+U. DOS plots for Mn2O3 calculated
using (e) SCAN and (f) r2SCAN.
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Figure S6: DOS plots for Ti2O3 calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN and
(d) r2SCAN+U.
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Figure S7: DOS plots for TiO2 calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN and
(d) r2SCAN+U.
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Figure S8: DOS plots for VO calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN and
(d) r2SCAN+U.
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Figure S9: DOS plots for VO2 calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN and
(d) r2SCAN+U.
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Figure S10: DOS plots for V2O5 calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN and
(d) r2SCAN+U.
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Figure S11: DOS plots for Cr2O3 (panels a and b), CrO2 (c and d), and CrO3 (e and f),
calculated using SCAN (panels a, c, and e) and r2SCAN (b, d, and f).
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Figure S12: DOS plots for MnO calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN and
(d) r2SCAN+U.
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Figure S13: DOS plots for Mn3O4 calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN
and (d) r2SCAN+U.
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Figure S14: DOS plots for MnO2 calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN
and (d) r2SCAN+U.
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Figure S15: DOS plots for FeO calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN and
(d) r2SCAN+U.
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Figure S16: DOS plots for Fe2O3 calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN
and (d) r2SCAN+U.
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Figure S17: DOS plots for Fe3O4 calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN
and (d) r2SCAN+U.
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Figure S18: DOS plots for Co3O4 calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN
and (d) r2SCAN+U.
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Figure S19: DOS plots for NiO calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN and
(d) r2SCAN+U.
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Figure S20: DOS plots for LiNiO2 calculated using (a) SCAN, (b) SCAN+U, (c) r2SCAN
and (d) r2SCAN+U.
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Figure S21: DOS plots for Cu2O (panels a and b), and CuO (c and d), calculated using
SCAN (panels a and c) and r2SCAN (b and d).
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