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Table S1. Free energy corrections (Ge,), including, zero-point energy (ZPE), and entropic
corrections (TS term) and solvent corrections (Gs,,) to gasphase and adsorbed species taken from ref
17. All energies are in eV unit.

Species ZPE TS Gy Georr
H,0, 056 0.67 000 -0.11
Hy(g) 027 041 0.00 -0.14
*O 0.07 0.00 0.00 0.07
*OH 036 0.00 -0.30 0.06
*OOH 0.39 0.00 -0.30 0.09
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Table S2. Free energies of the OER and ORR adsorbates, *OH, *O, and *OOH, in eV unit and
overpotentials of the OER and ORR, in V unit, on the metalloporphyrin framework M-Por.

M AGwog AG:o AGsoon AAG AG, AG, AG; AG, nOER pORR

Cr 0.17 0.83 339 322 0.17 0.66 255 1.53 132 1.06
Mn 042 1.45 376 335 042 1.03 232 1.16 1.09 0.81
Fe 0.60 1.44 356 296 0.60 084 212 136 089 0.63
Co 093 275 388 295 093 182 1.14 1.04 059 030
Ni 2.04 435 486 282 204 231 051 006 1.08 1.17
Cu 2.64 4.62 508 245 264 198 046 -0.16 0.75 1.39
Zn 1.99 457 488 289 199 258 032 004 135 1.19
Ru -0.05 0.64 291 296 -0.05 069 228 2.01 105 1.28
Rh 0.59 242 358 299 059 183 1.16 134 0.60 0.64
Pd 235 484 503 268 235 250 0.18 -0.11 127 134
Ag 247 5.00 5.00 253 247 253 0.00 -0.08 130 1.31

Ir 0.62 2.20 366 3.04 062 158 147 126 035 0.61

Pt 231 4.63 505 274 231 232 042 -0.13 1.09 136
Au 2.00 4.63 477 277 200 264 013 0.15 141 1.10
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Table S3. Magnetic moment projected per metal site for each reaction step.

M * *OH *O *OOH

Cr 29 14 00 2.1
Mn 29 20 15 1.8
Fe 1.8 1.5 09 0.7
Co 09 00 12 0.0
Ni 0.0 05 05 0.3
Cu 06 00 0.7 0.5
Zn 0.0 0.0 0.0 0.0
Ru 1.0 05 04 0.4
Rh 05 0.0 0.2 0.0
Pd 00 03 0.0 0.1
Ag 04 03 02 0.3

Ir 04 00 02 0.0
Pt 0.0 02 0.0 0.0
Au 00 00 0.0 0.0

S3



Co-Por-F

Co-Por-Cl

Figure S1. Flat 2D structure of Co-Por-F and distorted structure Co-Por-Cl and Co-Por-Br due to
steric effect of Cl and Br atoms.
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Figure S2. Projected density of state of each d-component of Co atom on Co-Por-Cl and Co-Por-Br
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Figure S3 Projected density of states of p-components of O atom at intermediate adsorbing states on
the Co-Por catalyst. Spin up and down states are shown.
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Figure S4. Projected density of states (PDOS) of the d-components of the Ir atom and of the p-
components of the O atom of intermediate adsorbing states on the Ir-Por catalyst. Spin up and down
states are shown.
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Figure S5 Projected density of states of d-components of Co atom and p-components of O atom of
*OH adsorbing states on the Co-Por, Co-Por-F, and Co-Por-Br catalyst. Spin up and down states are
shown.
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Figure S6 Projected density of states of d-components of Co atom and p-components of O atom of
*Q adsorbing states on the Co-Por, Co-Por-F, and Co-Por-Br catalyst. Spin up and down states are
shown.
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Figure S7 Projected density of states of d-components of Co atom and p-components of O atom of
*OOH adsorbing states on the Co-Por, Co-Por-F, and Co-Por-Br catalyst. Spin up and down states are
shown.
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