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Figure. S1. TGA curves of Zn, Co-ZIF.

Figure. S2. The images of Zn, Co-ZIF, O-ZIF@280, O-ZIF@310, and O-ZIF@340 from left to
right.



Figure. S3. (a, b, ¢, d) SEM images of Zn, Co-ZIF, O-ZIF@280, O-ZIF@310, O-ZIF@340,

respectively.
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Figure. S4. (a) XRD patterns; (b) FT-IR spectra of oxidized ZIF series.
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Figure. S5. XPS spectra of (a) Zn 2p, (b) Co 2p, and (c) N 1s of Zn, Co-ZIF and oxidized ZIFs.
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Figure. S6. (a) N, adsorption—desorption isotherms; (f) corresponding pore size distribution.
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Figure. S7. a,b,¢,d, Size distribution of Co nanoparticles of (a) Co/N-C_1, (b) Co/N-C_2, (c)
Co/N-C 3, and (d) Co/N-C 4.
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Figure. S8. XRD pattern Co/N-C series.
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Figure. S9. Corresponding EDS mapping of (a) Co/N-C 1, (b) Co/N-C 2, (c) Co/N-C 3, (d)

Co/N-C 4, (e) summerized results and (f) spectra for all the samples.
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Figure. S10. XPS spectra of (a) C 1s, (b) N 1s, and normalized spectra of (c) Co 2p; (d) Nls, (e)
Ols, and (f) the atomic ratio of C, N, Co, and O in Co/N-C series.
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Figure. S11. CV curves of (a) Co/N-C 1, (b) Co/N-C 2, (¢) Co/N-C 3, and (d) Co/N-C 4 in 0.1
M KOH solution at 5 mV s*! within a potential window from 0 to 1.2 V. Comparison of CV curves

in (e) N,-saturated and (f) O,-saturated electrolytes.
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Figure. S12. LSV curves of (a) Co/N-C _1, (b) Co/N-C_2, (¢) Co/N-C_3, and (d) Co/N-C 4in 0.1
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M KOH solution at various rotating speed (400, 900, 1225, 1600, 2025 rpm).
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Figure. S13. The half-wave potential (V vs. RHE at 3 mA ¢m2) of Co/N-C 1, Co/N-C_2, Co/N-
C 3, Co/N-C 4, and Pt/C.
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Figure. S14. RRDE curves of (a) Co/N-C 1, (b) Co/N-C_2, (c) Co/N-C_3, and (d) Co/N-C 4 in
0.1 M KOH solution at 1600 rpm, scan rate 5 mV s,
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Figure. S15. (a) Hydrogen peroxide yield and electron transfer number of Co/N-C series and Pt/C.
(b) Normalized chronoamperometric current density at 0.6 V (vs. RHE) of Co/N-C_3 and Pt/C.
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Figure. S16. EIS curves of (a) Co/N-C 1, (b) Co/N-C_2, (c) Co/N-C 3, and (d) Co/N-C 4 in 0.1

M KOH solution at the various potentials.
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Figure. S17. (a) The sum of charge transfer (R ) and mass transfer resistance (Ry) and (b) charge

transfer resistance calculated from impedance spectra at different potential of Co/N-C series
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Figure. S18. LSV and mass transfer resistance of (a) Co/N-C 1, (b) Co/N-C 2, (¢) Co/N-C 3,
and (d) Co/N-C_4 in 0.1 M KOH solution at 1600 rpm.
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Table S1. Pore surface area results of oxidized ZIFs.

Surface area (cm? g!)

Sample
Viot Vineso
ZIF 1.60 1.02
O-ZIF@280 1.61 1.11
O-ZIF@310 1.61 1.22

O-ZIF@340 1.07 1.00
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Table S2. Elemental quantification defined by using XPS of oxidized ZIF.

Sample C (at%) N (at%) O (at%) Co (at%) Zn (at%)
ZIF 59.47 25.53 5.57 1.06 8.38
O-ZIF@280 58.32 24.65 7.96 0.89 8.18
O-ZIF@310 54.40 25.23 11.06 1.28 8.03
O-ZIF@340 50.30 24.38 14.43 1.23 9.67

17



Table S3. Bulk Co and Zn contents of the ZIF-derived catalysts determined by ICP-OES.

Sample Oxidation Temp. (°C) Co (wt.%) Zn (wt.%)
Co/N-C_1 8.83 2.92
Co/N-C_2 280 11.54 1.16
Co/N-C_3 310 13.06 4.93

Co/N-C_4 340 10.51 2.5
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Table S4. Comparison of the ORR performance of the optimized Co/N-C catalyst with recently
reported MOF-derived transition metal/nitrogen-doped carbon (TM/N-C) catalysts.Note: Es; and
E,, represent the onset and half-wave potentials of the reported catalysts, respectively. Values in
parentheses refer to the commercial Pt/C tested under the same conditions in each study. The
potential differences (AEqust and AE) ;) were calculated by subtracting the Pt/C value from the

main sample value (Esmpie-Epyc) to provide a normalized comparison of intrinsic activity.

Stability
Eonset (Current
Electrocatalysts ~ Eonget o AE jnset Erai Eratpvey  AEin. retention@oper Ref.
ating time)
~100% This
Co/N-C 3 0.963 0.938 0.025 0.85 0.792 0.058 @172,800 s work
92%
CoFe@CNT 0.93 0.97 -0.04 0.85 0.83 0.02 @20,000 s 1
Co/NHCNT- 99.70%
160 0.955 0.96 -0.005 0.88 0.82 0.06 @25.000 s 2
Co—N/PCNs-2 0.99 0.98 0.01 0.88 0.85 0.03 3
CoCu-NPC- 92.29%
1000 0.988 0.982 0.006 0.849 0.867 -0.018 @36,000 s 4
81%
FeCo@NC-II 0.999 0.995 0.004 0.907 0.867 0.04 @80,000 s 5
97%
Fe3C-Co-NC 1.02 0.97 0.05 0.89 0.86 0.03 @25,000 s 6
FGCO%?NTS' 1.05 1.05 0 0.95 0.95 0 7
92.11%
ZIF-67-6 0.9 0.89 0.01 0.83 0.83 0 @10,000 s 8
Fe@NSC 0.96 0.93 0.03 0.87 0.83 0.04 86.5% 9
: : : : : : @10,000 s
Co@MNC-20 0.963 0.97 -0.007 0.87 0.843 0.027 10
Fe/N@CNT 1.069 1 0.069 0.892 0.858 0.034 93.9% 11
) ) ) ) ) @36,000 s
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Table S5. Summary of parameters for kinetic current (Jy), mass activity (MA), and Apparent TOF
calculation.

Catalyst Co
J@0.8 V Jai@0.4V Ji@0.8 V . MA catal MA petal Apparent
Sl (mA cm?) (mAcm?) (mA cm?) (Ilr(l);;i (ilr?l%) C(?Vf:;j)lt Aglaa) (Aglc) TOF (s
Co/N-C_1 3.23 4.56 11.07 0.1 8.83 29.22 330.96  0.0505

Co/N-C_2 3.96 5.03 18.62 0.379 11.54 49.12  425.59 0.065
Co/N-C_3 5.26 5.64 78.07 0.379 13.06 20598 1577.45 0.2409
Co/N-C_4 4.66 5.08 56.36 0.379 10.51 148.71 141538 0.2161

PyC 2.71 5.23 5.62 0.379 20 56.24  281.22  0.1421
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