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Fig. S1 The surface structures and corresponding surface energy values of ZrO> (111),
(111), and (101) slabs. Zr and O atoms are denoted by cyan and red balls, respectively
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Fig. S2 Structural models corresponding to the metals whose most stable replacement

site is the Zr3 site
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Fig. S3 Structural models corresponding to the metals whose most stable replacement

site is the Zr2 site (a) and Zr4 site (b)
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Fig. S4 Kinetic oxygen evolution reaction (OER) activity volcano plot as a function of
Go#*-Gro* at 1 mA/cm? (blue line)
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Fig. S5 Kinetic OER activity volcano plot as a function of Go*-Gro+ at 1 A/cm? (saddle
brown line)
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Fig. S6 Negative theoretical overpotential (n) is plotted as a function of the free energy

difference between O* and HO* (Go*-Gnox)
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Fig. S7 Density of states (DOS) obtained through PBE functional (a) and HSE06
functional (b), and band structure (¢) of ZrO; surface. The red dotted line corresponds
to the Fermi level
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Fig. S8 DOS of the M-ZrO> (M=In, Ru, Sm, Pr, Cr, Fe, Nd, Hf, Ni). The gray line

represents the spin-up orbit, and the green line represents the spin-down orbit
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Fig. S9 DOS of the M-ZrO, (M=Pd, Sn, Ga, Co, Pt, Ir, Rh, Ti, and Mn). The gray line
represents the spin-up orbit, and the green line represents the spin-down orbit
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Fig. S10 Charge density difference of O* on Ti-ZrO», Fe-ZrO», ZrO», Pt-ZrO», and Rh-
ZrO», respectively. The isosurface value was set to 0.001 e/A*

(a) Rh-ZrO, with O* (b) Rh-ZrO, with HO* (c) Rh-Zr0, with HOO*
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Fig. S11 A4b initio molecular dynamics (AIMD) simulations under 300 K for (a) ZrO,,
(b) Rh-ZrO3, (¢) Fe-ZrO,, (d) Rh-ZrO; with O*, (e) Rh-ZrO, with HO*, and (f) Rh-
ZrO; with HOO*
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Fig. S12 (a) Charge changes produced by metals (Fe, Rh) binding to O* and HO*. D
band center (g,4) of (b) Rh-ZrO; and (¢) Fe-ZrO»
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