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Supplementary Note 1. Additional details for Machine Learning

We tested the predictive ability of the trained ML models for Por-COFs with other central
metals, Cu for CO2RR and Pt for ORR.1* For each metal, the values of U_“°?RR and 5°RR were
predicted for six types of coordination environment, i.e. N4, N3O, N3S, N202, N2S2, N2OS
(Table S15). Among them, Cu-N3S-Por-COF exhibits the optimal CO2RR activity (U “O%RR =
-0.81 V); and the Pt-N2S,-Por-COF exhibits the optimal ORR activity (#°%% = 0.64 V). It turns
out these two ML-predicted values differ with the DFT calculated values by —0.67 and 0.97 V
(Figure S21). We further used the trained GBR-ML model to predict the U “©*RR value of Co-
N3C;1 and Co-N,C,-Por-COF system.> Note that the coordinated carbon-atom was not in the
training set. Inspiringly, it correctly predicted the catalytic order of Co-N2C2 > Co-N3Cy, albeit
the match between ML-predicted and DFT calculated U, ©92RR value is mediocre (error is 0.38
V). Above tests suggest that the trained model is immature to predict properties of systems that
are out of the training set, which is usually the case. A direction to improve the accuracy of the

model is to increase the sample size and type.
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Supplementary Figures

P,

Figure S1. Optimized structures of Fe/Co/Ni-NxOy-Por-COFs. Color code: C, grey; N, blue; O, red; S, yellow; H, white; Fe, cyan; Co, purple;

Ni, pink.
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Figure S2. Total energy and temperature evolutions versus the time of AIMD simulation for a) Co-N2O2-, b) Ni-N2S»- and ¢) Fe-N20OS-Por-COFs.

Snapshots of the equilibrium structures are inserted.
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Figure S3. Density of states

referenced at 0 eV.

of the Fe/Co/Ni-NxOyS;-Por-COFs. The Fermi energy is
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Figure S4. Stable configurations for *CO> adsorbed on Fe/Co/Ni-NxOyS,-Por-COFs. For clarity, the tetraphenyl and the p-phenylenediamine
(PPDA) moieties of M-NxOyS;-Por-COFs are not shown.
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Figure S5. Percentage change in the angle (£ OCO) of absorbed *CO2 compared to linear CO>

molecule in the gas phase. Refer to Table S8 for the values of the angle.
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Figure S6. Free-energy diagram for CO2RR-to-CO on Fe/Co/Ni-NxOyS;-Por-COFs.
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Figure S7. Optimized configurations of the *COOH intermediate on Fe/Co/Ni-NxOyS,-Por-COFs. The M—C bond lengths (in A) are present. For
clarity, the tetraphenyl and the p-phenylenediamine (PPDA) moieties of M-NxOyS,-Por-COFs are not shown.
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Figure S8. Optimized configurations of the *CO intermediate on Fe/Co/Ni-NxOyS,-Por-COFs. The M—C bond lengths (in A) are present. For

clarity, the tetraphenyl and the p-phenylenediamine (PPDA) moieties of M-NxOyS,-Por-COFs are not shown.
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Figure S9. Free-energy diagram for HER on Fe/Co/Ni-NxOyS;-Por-COFs.

S12



Fe

Co

1.422 1.425

Ni

Fe Co Ni

Figure S10. Optimized configurations of the *H intermediate on Fe/Co/Ni-NxO,S,-Por-COFs. The M—H bond lengths (in A) are present. For

clarity, the tetraphenyl and the p-phenylenediamine (PPDA) moieties of M-NxOyS,-Por-COFs are not shown.
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Top view

Side view

*COOH@Co-N,0,-Por-COF

Figure S11. Spin population of COOH@Co-N202-Por-COF intermediate. Orange and
green colors indicate a or § spin electron density, respectively. Isosurfaces of charge density
are set to 0.001 e A 3. For clarity, the tetraphenyl and the p-phenylenediamine (PPDA)

moieties of Co-N202-Por-COF are not shown.
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Figure S12. Electrocatalytic CO2RR performance comparison between the designed Co-N20>-,
Fe-N2OS-, Fe-N202- and Co-N3O-Por-COFs (this work) and experimentally synthesized Co-
Por-COFs for CO2-to-CO reduction. The calculated limiting potentials Uy in this work (stars)
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Figure S13. Side-on and end-on type adsorption configurations of *O2 on Fe-NxOyS,-Por-COFs. The Fe—O bond lengths (in A) and relative

energies (Erel, in V) are present. For clarity, the tetraphenyl and the p-phenylenediamine (PPDA) moieties of Fe-NxOyS,-Por-COFs are not shown.
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Figure S14. Side-on and end-on type adsorption configurations of *O, on Co-NxOyS;-Por-COFs. The Co—O bond lengths (in A) and relative

energies (Erel, in eV) are present. For clarity, the tetraphenyl and the p-phenylenediamine (PPDA) moieties of Co-NxOyS,-Por-COFs are not shown.
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Figure S15. Side-on and end-on type adsorption configurations of *O2 on Ni-NxOyS,-Por-COFs. The Co—O bond lengths (in A) and relative

energies (Erel, in V) are present. For clarity, the tetraphenyl and the p-phenylenediamine (PPDA) moieties of Ni-NxOyS,-Por-COFs are not shown.
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Figure S16. Percentage change in the bond length (do-o0) of absorbed *O, compared to linear

O2 molecule in the gas phase. Refer to Table S9 for the values of the bond length.
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Figure S17. Free energy diagram for 4 ORR R on Fe/Co/Ni-NxOyS,-Por-COFs (U =0V, pH

= 0). The colored shadows specify the potential limiting step (PDS).
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Figure S19. Optimized configurations of the *OOH intermediate on Fe/Co/Ni-NxOyS,-Por-COFs. The M—0O bond lengths (in A) are present. For

clarity, the tetraphenyl and the p-phenylenediamine (PPDA) moieties of M-NxOyS,-Por-COFs are not shown.
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Figure S20. Optimized configurations of the *O intermediate on Fe/Co/Ni-NxO,S,-Por-COFs. The M—0 bond lengths (in A) are present. For
clarity, the tetraphenyl and the p-phenylenediamine (PPDA) moieties of M-NxOyS,-Por-COFs are not shown.
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Figure S21. Optimized configurations of the *OH intermediate on Fe/Co/Ni-NxOyS,-Por-COFs. The M—O bond lengths (in A) are present. For

clarity, the tetraphenyl and the p-phenylenediamine (PPDA) moieties of M-NxOyS,-Por-COFs are not shown.
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Figure S22. Projected electronic densities of states (PDOS) and charge density difference
(CDD) of a-d) *O and e-h) *OH intermediates absorbed on Ni-Nas-, Ni-N2S2-Por-COFs. The
cyan/yellow colors indicate the regions of electron loss/gain. Isosurfaces of charge density are
set to 0.005 e A 3. For clarity, the tetraphenyl and the p-phenylenediamine (PPDA) moieties

of M-NxOyS;-Por-COFs are not shown.
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Figure S23. Free-energy diagram for a) CO2RR-t0-CO on Cu-N3S-Por-COF and for b) ORR-
to-H20 on Pt-N2S2-Por-COF.
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Supplementary Tables

Table S1. The values of U-J parameters for DFT/PBE+U calculations.

Fe Co Ni Cu Pt

U-J 3.29 3.42 3.40 3.87 3.00
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Table S2. Relative free energies (eV) with different magnetic moments M (ug) for the intermediates adsorbed on Fe-Por-COFs at 298.15

K. For each species, the most stable spin state is highlighted in bold. The optimized value of default-M is reported as Mopt.

Fe-Ns-Por-COF Fe-N3O-Por-COF Fe-Ns3S-Por-COF

default 3 S Mopt  default 3 5 Mopt  default 3 5 Mopt
G(*) 0.01 0.09 0.00 / 1.15 0.00 0.79 / 0.15 0.01 0.00 /
G (*COOH) 0.00 0.01 0.04 -1.15 0.06 0.00 0.06 / 0.00 0.13 0.01 0.01
G (*CO) 0.01 0.01 0.00 / 0.58 0.58 0.00 / 0.54 0.01 0.00 /
G (*H) 0.00 0.01 0.01 1.19 0.00 0.03 0.03 -0.01 0.00 0.02 0.04 -0.01
G(*OOH) 0.01 0.00 0.01 / 1.15 0.03 0.00 / 0.78 0.02 0.00 /
G(*O) 0.03 0.01 0.00 / 0.69 0.03 0.00 / 0.43 0.00 0.01 /
G(*OH) 0.01 0.01 0.00 / 1.40 0.01 0.00 / 0.96 0.00 0.01 /

Fe-N202-Por-COF Fe-N2S2-Por-COF Fe-N2OS-Por-COF

default 3 5 Mopt  default 3 5 Mopt  default 3 5 Mopt
G(*) 0.01 0.01 0.00 / 0.00 0.01 0.04 1.62 0.98 0.33 0.00 /
G (*COOH) 0.55 0.55 0.00 / 0.29 0.00 0.01 / 0.59 0.01 0.00 /
G (*CO) 0.80 0.80 0.00 / 0.47 0.01 0.00 / 0.66 0.66 0.00 /
G (*H) 0.00 0.48 0.09 1.74 0.00 0.08 0.04 1.00 0.13 0.13 0.00 /
G(*OOH) 0.00 0.02 0.06 1.36 0.82 0.69 0.00 / 0.75 0.01 0.00 /
G(*O) 0.35 0.00 0.36 / 0.38 0.01 0.00 / 0.34 0.00 0.02 /
G(*OH) 1.70 0.01 0.00 / 0.00 0.03 0.03 3.00 1.57 0.01 0.00 /
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Table S3. Relative free energies (eV) with different magnetic moments M (ug) for the intermediates adsorbed on Co-Por-COFs at 298.15

K. For each species, the most stable spin state is highlighted in bold. The optimized value of default-M is reported as Mopt.

Co-Ns-Por-COF Co0-N30-Por-COF Co-N3S-Por-COF

default 2 4 M opt default 2 4 M opt default 2 4 M opt
G(*) 0.00 1.20 0.16 -1.05 0.12 0.12 0.00 / 0.01 0.19 0.00 /
G (*COOH) 0.00 0.02 0.01 0.01 0.01 0.00 0.01 / 0.01 0.00 0.01 /
G (*CO) 0.01 0.05 0.00 / 0.01 0.79 0.00 / 0.01 0.48 0.00 /
G (*H) 0.01 0.00 0.01 / 0.16 0.13 0.00 / 0.01 0.01 0.00 /
G(*OOH) 0.29 0.00 0.17 / 0.56 0.51 0.00 / 0.00 0.72 0.01 4.77
G(*O) 0.28 0.00 0.11 / 0.62 0.63 0.00 / 0.02 0.83 0.00 /
G(*OH) 0.25 0.01 0.00 / 0.74 0.81 0.00 / 0.02 0.74 0.00 /

C0-N202-Por-COF Co-N2S2-Por-COF Co-N20S-Por-COF

default 2 4 Mopt  default 2 4 default 2 4 Mopt 4
G(*) 0.47 0.89 0.00 / 0.00 0.01 0.01 1.00 0.00 0.01 0.01 1.08
G (*COOH) 0.01 0.00 0.01 / 0.01 0.01 0.00 / 0.01 0.01 0.00 /
G (*CO) 0.01 0.00 0.01 / 0.01 0.00 0.01 / 0.40 0.00 0.01 /
G (*H) 0.00 0.01 0.01 1.99 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.00
G(*OOH) 0.02 0.76 0.00 / 0.01 0.01 0.00 / 0.00 0.68 0.64 -0.01
G(*O) 0.00 0.23 1.19 -2.04 0.03 0.06 0.00 / 0.01 0.01 0.00 /

G(*OH) 0.01 0.81 0.00 / 0.01 0.01 0.00 / 0.03 0.73 0.00 /
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Table S4. Relative free energies (eV) with different magnetic moments M (ug) for the
intermediates adsorbed on Ni-Por-COFs at 298.15 K. For each species, the most stable spin state

is highlighted in bold. The optimized value of default-M is reported as Mopt.

Ni-N4-Por-COF Ni-N3O-Por-COF Ni-N3S-Por-COF
default 3 Mopt  default 3 Mopt  default 3 Mopt
G(*®) 0.00 0.01 0.01 0.00 0.01 349 0.01 0.00 /
G (*COOH) 0.01 0.00 / 0.00 0.01 -0.01 0.00 0.46 2.00
G (*CO) 0.00 0.01 0.01 0.01 0.00 / 0.01 0.00 /
G (*H) 0.01 0.00 / 0.00 0.32 -2.00 0.00 0.45 2.00
G(*OO0OH) 0.01 0.00 / 0.00 040 0.01 0.00 0.34 2.00
G(*0O) 0.00 0.33 -4.05 0.45 0.00 / 0.00 0.47 3.00
G(*OH) 0.00 0.01 1.00 0.01 0.00 / 0.00 041 2.00
Ni-N202-Por-COF Ni-N2S2-Por-COF Ni-N20S-Por-COF
default 3 Mopt  default 3 Mopt  default 3 Mopt
G (¥ 0.01 0.00 / 0.01 0.00 / 0.00 0.01 0.27
G (*COOH) 0.00 0.30 3.00 0.01 0.00 / 0.01 0.00 /
G (*CO) 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.00 /
G (*H) 0.00 0.14 1.00 0.00 0.01 1.00 0.01 0.00 /
G(*OO0OH) 0.00 001 214 0.00 0.01 1.00 0.04 0.00 /
G(*O) 0.01 0.00 / 0.29 0.00 / 0.33 0.00 /
G(*OH) 0.00 0.12  3.00 0.00 0.01 1.00 0.22 0.00 /
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Table S5. Calculated zero-point energy (ZPE, eV) and entropic correction (TS, eV) of *Oy,
*OO0H, *O and *OH for Fe/Co/Ni-NxOyS;-Por-COFs at T = 298.15K.

*OOH *O *OH

System

ZPE+o0H TS+oon ZPE:-o TS+o0 ZPE-on TS+on
Fe-N4 0.43 0.16 0.07 0.06 0.33 0.12
Fe-N3O 0.42 0.21 0.06 0.08 0.33 0.13
Fe-N3S 0.43 0.22 0.06 0.08 0.32 0.14
Fe-N>O» 0.43 0.22 0.06 0.08 0.33 0.14
Fe-N2S» 0.43 0.20 0.06 0.08 0.32 0.14
Fe-N>OS 0.42 0.17 0.05 0.10 0.33 0.13
Co-N4 0.45 0.13 0.06 0.08 0.35 0.09
Co-N3O 0.40 0.13 0.06 0.07 0.32 0.15
Co-N3S 041 0.24 0.06 0.08 0.33 0.13
Co-N>0O» 0.42 0.21 0.06 0.07 0.34 0.11
Co-N>2S» 0.42 0.23 0.04 0.11 0.33 0.13
Co-N,0OS 0.42 0.24 0.06 0.09 0.33 0.14
Ni-Ny 0.43 0.21 0.05 0.08 0.32 0.09
Ni-N3O 0.42 0.21 0.05 0.08 0.33 0.11
Ni-N3S 0.42 0.18 0.05 0.08 0.33 0.12
Ni-N>O» 0.43 0.20 0.05 0.09 0.33 0.12
Ni-N2S; 0.42 0.21 0.04 0.11 0.33 0.13

Ni-N20S 0.42 0.16 0.06 0.08 0.34 0.12
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Table S6. Calculated zero-point energy (ZPE, eV) and entropic correction (TS, eV) of *CO,
*COOH, *CO and *H for Fe/Co/Ni-NxOyS;-Por-COFs at T = 298.15K.

*COOH *CO *H

System

ZPE+coon TS+coon ZPE:co TS+co ZPE+n TS+n
Fe-N4 0.61 0.23 0.19 0.10 0.18 0.02
Fe-N3O 0.58 0.19 0.19 0.16 0.19 0.01
Fe-N3S 0.62 0.19 0.18 0.11 0.18 0.01
Fe-N>O» 0.59 0.25 0.18 0.10 0.13 0.03
Fe-N2S» 0.59 0.18 0.19 0.15 0.14 0.04
Fe-N>OS 0.58 0.27 0.18 0.18 0.18 0.01
Co-N4 0.62 0.22 0.18 0.18 0.20 0.01
Co-N3O 0.68 0.13 0.19 0.15 0.18 0.01
Co-N3S 0.62 0.22 0.19 0.16 0.20 0.01
Co-N>0O» 0.61 0.23 0.20 0.13 0.17 0.02
Co-N>2S» 0.60 0.23 0.18 0.17 0.21 0.01
Co-N,0OS 0.62 0.15 0.19 0.10 0.18 0.01
Ni-Ny 0.62 0.22 0.22 0.16 0.17 0.03
Ni-N3O 0.59 0.13 0.19 0.16 0.16 0.01
Ni-N3S 0.59 0.23 0.18 0.12 0.16 0.02
Ni-N>O» 0.59 0.18 0.20 0.15 0.16 0.02
Ni-N2S; 0.60 0.23 0.19 0.15 0.16 0.01

Ni-N20S 0.60 0.23 0.19 0.10 0.17 0.02
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Table S7. Hyperparameters of three machine learning algorithms.

Target Value Algorithm

Hyperparameter

RFR n_estimators=1000
U COZRR GBR n_estimators=1000, learning_rate=0.002,
n_estimators=1000, learning_rate=0.005,

XGBoost - -

colsample_bytree=1, max_depth=10

RFR n_estimitors=1000
yORR GBR n_estimators=1000, learning_rate=0.004
XGBoost n_estimators=500, learning_rate=0.009,

colsample_bytree=1, max_depth=5
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Table S8. Calculated adsorption energy AEags co2(COz), bond lengths and bond angle of *CO-
absorbed on Fe/Co/Ni-NxOyS;-Por-COFs.

Catalyst  AEas cos (V) Bond Length Bond Angle
- dc-o1 (A) A1 dc-o2 (A) Az Zo-c-o0 (9 As

Fe-Ng -0.22 1.18 1.72% 1.17 0.86% 179.32 0.38%
Fe-NzO -0.12 1.24 6.90% 1.22 5.17% 141.72 21.27%
Fe-N3S -0.11 1.18 1.72% 1.17 0.86% 179.82 0.10%
Fe-N20> -0.14 1.25 7.76% 1.25 7.76% 133.58 25.79%
Fe-N2S; -0.19 1.17 0.86% 1.18 1.72% 179.40 0.33%
Fe-N20S 0.00 1.22 5.17% 1.26 8.62% 141.67 21.29%
Co-N. -0.25 1.18 1.72% 1.17 0.86% 179.63 0.21%
Co-NzO -0.34 1.24 6.90% 1.23 6.03% 138.94 22.81%
Co-NsS -0.12 1.18 1.72% 1.17 0.86% 179.64 0.20 %
Co-N202 -0.25 1.23 6.03% 1.21 4.31% 145.92 18.93%
Co-N2S; 0.02 1.18 1.72% 1.18 1.72% 179.85 0.08%
Co-N20S -0.24 1.22 517% 1.21 4.31% 148.92 17.27%
Ni-Na -0.23 1.18 1.72% 1.18 1.72% 179.88 0.07%
Ni-N3O -0.12 1.21 4.31% 1.21 4.31% 148.64 17.42%
Ni-N3S -0.27 1.18 1.72% 1.18 1.72% 179.51 0.27%
Ni-N20- -0.18 1.21 4.31% 1.21 4.31% 148.45 17.53%
Ni-N2S; -0.26 1.18 1.72% 1.18 1.72% 179.83 0.09%
Ni-N20S -0.10 1.21 4.31% 1.21 4.31% 150.99 16.12%

Note:

A1 is the degree to which the C-O bond length of the adsorbed *CO;-moiety changes with
respect to the C-O bond length (1.16 A) of the gas CO> molecule; As is the degree to which the
Zo-c-o of the adsorbed *CO>-moiety changes with respect to the Lo-c-o (1809 of the gas
CO2 molecule.

de_o(x CO,) — 1.16
1.16

A= |

_Z0—-C—0(xC0,) — 180
37 180 |
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Table S9. Calculated adsorption energy, AEags-02, and bond lengths of *O absorbed on
Fe/Co/Ni-NxOyS;-Por-COFs.

Bond Length

Catalyst AEads-02

do-o (A) A
Fe-N4 -0.42 1.33 9.92%
Fe-N;O -1.41 1.43 18.18%
Fe-N3S -1.47 1.43 18.18%
Fe-N>O» -1.58 1.42 17.36%
Fe-N2S» -1.25 1.38 14.05%
Fe-N,OS -1.58 1.42 17.36%
Co-N4 -0.22 1.24 2.48%
Co-N3O -1.57 1.34 10.74%
Co-NsS -1.14 1.34 10.74%
Co-N>0O» -1.28 1.34 10.74%
Co-N2S; -0.77 1.33 9.92%
Co-N,0OS -1.22 1.38 14.05%
Ni-Ny -0.25 1.24 2.48%
Ni-N3O -0.82 1.32 9.09%
Ni-N3S -0.74 1.31 8.26%
Ni-N20» -0.74 1.32 9.09%
Ni-N2S; -0.18 1.3 7.44%
Ni-N>OS -0.81 1.31 8.26%
Note:

A is the degree to which the O—O bond length of the adsorbed *O>-moiety changes with respect
to the O—O bond length (1.21 A) of the gas O> molecule.

dc_o(* 02) —1.21
1.21

A= |
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Table S10. The feature values of each Por-COF. The features include the atomic number (N®°™), the number of valence electron (ne), the number
of d electron (ng), the covalent radius (", A), the van der Waals radius (r'®", A), the relative mass (1), the Pauling electronegativity (EN), the
electron affinity (EA, eV), the first ionization energy (IE, eV) of the central metal atoms (nn); the number of coordinated N atoms, the sum of
valence electron count (¥ ne), the sum of p electron (¥ np), the sum of covalent radius (3 7™, A), the sum of van der Waals radius (I, 74", A), the
sum of Pauling electronegativity (3, EN), the sum of electron affinity (3} EA, eV) of the coordination structures; the bond lengths of M—X1 (dm-x1,

A), M—X; (dv-xz, A), M—N1 (dm-n1, A) and M—N2 (dwnz, A).

System Natom Ne ng ram pvdw m EN EA IE nN Zne an Zr“"’m Zr“’w ZEN ZEA dv-xt1  duxz  dmnz  dwene

Fe-N4 2600 8.00 600 132 244 5585 183 1570 790 4.00 20.00 12.00 2.84 6.64 12.16 28.00 200 200 201 201

Fe-NsO 2600 8.00 600 132 244 5585 183 1570 790 3.00 21.00 13.00 2.79 6.48 12.56 16200 223 200 203 203
Fe-NsS 26,00 8.00 6.00 132 244 5585 183 1570 7.90 3.00 21.00 13.00 3.18 6.87 11.70 221.00 240 199 209 2.08
Fe-N2O2  26.00 800 6.00 132 244 5585 183 1570 790 2.00 2200 14.00 2.74 6.32 12.96 296.00 218 218 201 201
Fe-N2S2 26.00 8.00 6.00 132 244 5585 183 1570 7.90 2.00 22.00 14.00 3.52 7.10 11.24 41400 220 220 205 205
Fe-N2OS 2600 8.00 6.00 132 244 5585 183 1570 790 200 2200 14.00 3.13 6.71 12.10 355.00 239 216 2.04 2.04

Co-N4 2700 9.00 7.00 126 240 5893 188 63.70 7.88 4.00 20.00 12.00 2.84 6.64 12.16 28.00 198 198 199 1.99

Co-NsO 2700 9.00 700 126 240 5893 188 6370 7.88 300 2100 13.00 2.79 6.48 12.56 162.00 217 195 196 196
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Co-NsS

Co-N202

Co-N2S2

Co-N20S

Ni-N4

Ni-N3O

Ni-NsS

Ni-N202

Ni-N2S2

Ni-N20S

27.00

27.00

27.00

27.00

28.00

28.00

28.00

28.00

28.00

28.00

9.00

9.00

9.00

9.00

10.00

10.00

10.00

10.00

10.00

10.00

7.00

7.00

7.00

7.00

8.00

8.00

8.00

8.00

8.00

8.00

1.26

1.26

1.26

1.26

1.24

1.24

1.24

1.24

1.24

1.24

2.40

2.40

2.40

2.40

2.40

2.40

2.40

2.40

2.40

2.40

58.93

58.93

58.93

58.93

58.69

58.69

58.69

58.69

58.69

58.69

1.88

1.88

1.88

1.88

191

191

191

191

191

191

63.70

63.70

63.70

63.70

112.00

112.00

112.00

112.00

112.00

112.00

7.88

7.88

7.88

7.88

7.63

7.63

7.63

7.63

7.63

7.63

3.00

2.00

2.00

2.00

4.00

3.00

3.00

2.00

2.00

2.00

21.00

22.00

22.00

22.00

20.00

21.00

21.00

22.00

22.00

22.00

13.00

14.00

14.00

14.00

12.00

13.00

13.00

14.00

14.00

14.00

3.18

2.74

3.52

3.13

2.84

2.79

3.18

2.74

3.52

3.13

6.87

6.32

7.10

6.71

6.64

6.48

6.87

6.32

7.10

6.71

11.70

12.96

11.24

12.10

12.16

12.56

11.70

12.96

11.24

12.10

221.00

296.00

414.00

355.00

28.00

162.00

221.00

296.00

414.00

355.00

2.15

2.16

2.17

2.16

1.96

2.25

2.12

2.17

2.14

2.13

1.94

2.16

2.17

2.12

1.96

1.97

1.94

2.16

2.14

2.13

2.02

1.95

2.04

2.02

1.98

1.98

2.05

1.95

2.03

2.01

2.02

1.95

2.04

2.02

1.98

1.97

2.05

1.95

2.03

2.01
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Table S11. The comparison of the training/test RMSE and R? scores of three algorithms in
fourfold cross-validation for U °C%RR, The ML model yielding a maximum accuracy is

highlighted in bold.
Algorithm Loop Training RMSE(V) Training R? Test RMSE(V) Test R?

1 0.09 0.88 0.19 0.35

2 0.09 0.87 0.24 0.35

RFR 3 0.08 0.92 0.22 0.18
4 0.09 0.90 0.18 0.51

Mean Value 0.09 0.89 0.20 0.35

1 0.06 0.95 0.22 0.34

2 0.05 0.98 0.09 0.61

GBR 3 0.03 0.98 0.27 0.49
4 0.05 0.96 0.12 0.81

Mean Value 0.05 0.97 0.18 0.56

1 0.03 0.98 0.23 0.43

2 0.05 0.97 0.21 0.23

XGBoost 3 0.04 0.97 0.17 0.38
4 0.04 0.97 0.13 0.71

Mean Value 0.04 0.97 0.18 0.43
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Table S12. The comparison of the training/test RMSE and R? scores of three algorithms in

fourfold cross-validation for4°RR. The ML model yielding a maximum accuracy is highlighted

in bold.

Algorithm Loop Training RMSE(V) Training R? Test RMSE(V) Test R?

1 0.12 0.93 0.28 0.60

2 0.16 0.88 0.29 0.41

RFR 3 0.12 0.93 0.18 0.84

4 0.14 0.90 0.29 0.57

Mean Value 0.14 0.91 0.26 0.61

1 0.02 0.99 0.24 0.55

2 0.02 0.99 0.23 0.70

GBR 3 0.03 0.99 0.21 0.85

4 0.01 0.99 0.33 0.50

Mean Value 0.02 0.99 0.25 0.65

1 0.03 0.99 0.29 0.56

2 0.04 0.99 0.26 0.53

XGBoost 3 0.04 0.99 0.07 0.98

4 0.04 0.99 0.15 0.92

Mean Value 0.04 0.99 0.19 0.74
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Table S13. Comparison of the ML-predicted and DFT-calculated U, “©%RR and #°RR values.

ULCOZRR ”ORR
System - 5
ML-predicted DFT-calculated ML-predicted DFT-calculated

Fe-N4 -1.25 -1.26 0.66 0.65
Fe-N;O -1.24 -1.20 1.50 1.48
Fe-NsS -1.18 -1.13 1.60 1.58
Fe-N2O» -0.66 -0.70 1.63 1.60
Fe-NoS» -0.91 -0.86 1.46 1.39
Fe-N>OS -0.64 -0.70 1.62 1.58
Co-Ny4 -0.89 -0.89 0.43 0.44
Co-N3O -0.67 -0.83 1.76 1.64
Co-N3S -0.74 -0.78 1.32 1.30
Co-N20, -0.58 -0.66 1.48 1.45
Co-N2S» -0.88 -0.89 0.94 0.96
Co-N20OS -0.76 -0.78 1.32 1.36
Ni-Ny -1.52 -1.43 0.78 0.75
Ni-N3O -1.35 -1.18 0.74 0.72
Ni-N3S -1.08 -1.10 0.51 0.63
Ni-N20» -0.98 -0.96 0.72 0.73
Ni-N2S» -1.25 -1.16 0.46 0.46

Ni-N2OS -1.05 -1.09 0.63 0.63
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Table S14. Feature importance analysis of optimal GBR model for U .“9?RR and XGBoost

model for °RR,

ULCOZRR ”ORR
Feature Importance (%) Feature Importance (%)
m 33.53 dv—x1 56.01
dv-x2 28.26 jatom 27.47
z EA 12.80 N 451
dm-x1 3.54 m 4.41
dvine 3.45 Z EA 3.70
Avins 2.88 Z atom 2.54
Z EN 1.96 v 0.70
Z pyaw 1.73 dv-—n2 0.65
z Aatom 1.69 dM—Nl <0.01
patom 1.61 z EN <0.01
IE 1.50 Z pdw <001
EN 1.47 patom <0.01
Ne 1.41 IE <0.01
Nd 1.29 EN <0.01
EA 1.25 Ne <0.01
Natom 1.22 Ng <0.01
pvaw 0.17 EA <0.01
z e 0.10 prdw <0.01
™ 0.08 Z e <0.01
an 0.06 an <0.01
Total 100 Total 100
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Table S15. The ML-predicted or DFT-calculated U “©%RR and #°RR values for Cu-/Pt/Co-

embedded Por-COFs.

System

ML-predicted

System

DFT-calculated

ULCOZRR ’IORR ULCOZRR ”ORR
Cu-Ny4 -0.88 0.75
Cu-N3O -0.85 0.74
Cu-NsS -0.81 0.64 Cu-Ns3S -0.67 /
Cu-N>0O -0.91 0.74
Cu-N2S» -0.96 0.64
Cu-N>OS -0.91 0.65
Pt-Ny -0.88 0.75
Pt-NsO -0.83 0.74
Pt-NsS -0.82 0.64
Pt-N>O» -0.82 0.73
Pt-N»S» -0.95 0.64 Pt-NoS» / 0.97
Pt-N>OS -0.88 0.64
Co-N3Cy -1.00 / Co-N3Cy -0.76 /
Co-N2C» -0.98 / Co-N>C -0.60 /
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