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1. Lattice parameters

Table S1. Pawley-refined lattice parameters of COF-112

Lattice parameters COF-112Co COF-112Fe
a(A) 19.7833 19.8969
b (A) 25.1229 23.4190
c(A) 11.8086 12.8494
a (°) 90 90
B(®) 90 90

Y (°) 90 90
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2. TEM images



Figure S2. TEM images of COF-112Fe (a, b).
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Figure S3. XPS spectra of COF-112Co: a) survey, b) C 1s, ¢) N 1s, d) Co 2p.
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Figure S4. XPS spectra of COF-112Fe: a) survey, b) C 1s, ¢) N 1s, d) Fe 2p.
3. XPS spectra






Table S2. Element content analysis calculated from XPS.

COFs Co (at%) Fe (at%) B (at%) C (at%) N (at%) F (at%)
COF-112Co 1.73 - 7.89 66.83 10.13 13.42
COF-112Fe - 3.30 5.91 70.94 8.80 11.06

4. Electrocatalytic Analysis
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Figure S5. (a) CVs curves of COF-112Co and COF-112Fe in O, (solid line) or N,
(dashed line) -saturated 0.1M KOH. (b) Scan rate dependent-current densities at 1.06
V vs. RHE. CVs in non-faradaic region of COF-112Fe (c) and COF-112Co (d).
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Figure S6. (a) Nyquist plots for COF-112Co and COF-112Fe, (b) The relation
between ORR process and EIS.

In the Nyquist plots, the charge-transfer resistance (R.) is the main parameter that reflects the ORR
activity. In contrast, the linear part of EIS spectra is controlled by diffusion (mass transfer), which
is not the main parameter that influences the ORR intrinsic activity (Figure S6b). The R of COF-

112Co (5.50 © cm?) is smaller than that of COF-112Fe (6.26 Q cm?), indicating the faster ORR
kinetics of COF-112Co.
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Figure S7. (a) Chronoamperometry test at 0.6 V vs. RHE of COF-112Co, (b) LSV
plots (at 1600 rpm) of COF-112Co before and after chronoamperometry.
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Figure S8. Methanol crossover tests of COF-112Co and COF-112Fe.

Figure S9. Open-circuit voltage of the Zn-air battery of COF-112Co.



5. Theoretical Computation Section
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Figure S10. DFT calculation model of COF-112Co.

Table S3. DFT adsorption free energies of the ORR intermediates (*O,, *OOH, *O, and *OH)

for the calculation model of COF-112. ORR limiting potentials and the rate-determine step (RDS)
are displayed for each row.

L Limiting .
Central | Binding | AG*OO | AG¥OOH | AG*O | AG*OH Barri Rate-determine
arrier
Metal Site (eV) (eV) (eV) (eV) Step
(eV)
Co C2&C3 4.561 4.325 3.103 1.343 0.994 *0,—*0O0H
Co C4&C5 4.599 4.274 2.984 1.177 0.904 *0,—*00H
Fe C4&C5 4.550 4.247 3.002 1.143 0.927 *0,—*00H




6. Linkage Conversion Section

Transmittance (a.u.)

Vey & 1626 cm™
COF-112Co

COF-112Co-0x

Voo : 1659 cm™ \ \/’\/\/\/\/‘

L]
2000

) 1 L]
1800 1600 1400
Wavenumber (cm™)

Figure S11. FT-IR spectra of COF-112Co and COF-112Co-ox.
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Figure S12. XPS spectra of COF-112Co-o0x: a) survey, b) Co 2p.



a)o ] coF-112Co0-0x b)
COF-112Co-0x
e 0.5 4
-
< —
E E
[T}
% = Rotation Rate / rpm 7 0.4 -
g 400 (E
(] -
= 31 ggg 5 = 0.2V, n=2.79
e e 03V,n=2.71
£ —1225 A 04V, n=264
O 4 — 1600 0.3 4 v 05V, n=240
—2025 0.6V, n=2.23
——2500 . i .
-sn 2 03 04 05 06 07 08 09 10 0.024 o 0.032
- v N i A . N A o A4/2 -1/2 12
w rad’“s
Potential (V vs. RHE) ( )
c) d)
1.04 COF-112Co-ox e COF-112Co-0x
1.6
£
G 0.5
E ;Q; 1.2 - (61
z S «°
% 0o & £ h?p«
a §_—l 0.8 -
- g
3 .0.5- 20 mV's™!
=
3
(8] 0.4
-1.01 200 mV s™

100 1.02 1.04 106 1.08 110 112 OO T y

) 40 80 120 160 200
Potential (V vs. RHE) Scan Rate (mV s)

Figure S13. a) RDE plots, b) K-L plots, ¢) CV curves in non-faradic region, and d)
Scan rate dependent-current densities at 1.06 V vs. RHE. of COF-112Co-ox.

The electron transfer numbers calculated from RDE measurements are 2.23~2.64 (0.6V~0.4
V vs. RHE), similar to the results of RRDE.



7. Comparison Table

Table S4. Comparisons of the ORR activity of pristine POP catalysts.

Current Electron
Half-wave Rotate
Density (mA transfer
Catalyst Electrolyte Potential (V speed Ref.
cm?) @E (V. number @E
vs. RHE) (rpm)
vs. RHE) (V vs. RHE)
0.1M .
COF-112Co 0.76 5.78@0.2 3.86@0.2 1600 This work
KOH
NDI-CON 0.1M NaOH ~0.68 ~3.72@0.3 3.6 1500 1
Co@TPA-PDI 0.1M KOH ~0.71 5.7@0.3 39 1600 2
PTM-CORF 0.1M KOH ~0.69 ~5.7@0.17 3.89@0.6 1600 3
COFgrc 0.1M KOH 0.91 ~5.3@0.2 3.95@0.85 1600 4
CoCOF-Py-rGO 0.1M KOH 0.76 4.72@0.2 3.7@0.2 1600 5
COP/rGO 0.1M KOH ~0.72 ~4.31@0.2 3.7@0.75 1600 6
TAPA-PG 0.1M KOH ~0.57 ~4.16@0.2 3.84@0.3 1600 7
Co@TAPA-PG 0.1M KOH ~0.63 ~4.8@0.2 3.63 1600 7
JUC-528 0.1M KOH 0.70 ~5.0@0.2 3.81@0.2 1600 8
G@POF-Co 0.1M KOH 0.81 ~5.43@0.2 3.8 1600 9

All of these parameters with “~” are obtained by the graph of LSV curves at 1600 rpm.
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