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Figure S1. XPS full profiles of CON-32 and carbon spectrum of the pristine CON-32 and
various hybrid materials with varying MnO, wt% when they were synthesized, then after
purified with Soxhlet extraction.
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Figure S2. The magnified scanning electron microscopy (SEM) images of hybrids with varying

MnO, contents together with their energy dispersive x-ray spectroscopy (EDS)—elemental
mapping at the same spots of SEM images with respect to S, N, O, C and Mn.
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Figure S3. The transmission electron microscopy (TEM) images of (a) pristine CON-32 and
(b) pristine exfoliated layered MnO,.
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Figure S4. The N, adsorption/desorption isotherm profiles of pristine layered MnO,.



Figure S5. The TEM images of pristine CON-32.
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Figure S6. The XPS profiles of hybrids with (a) 6.5 wt% MnO,, (b) 30 wt% MnO, and (c) 60
wt% MnO,, after purified by Soxhlet extraction respectively.
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Figure S7. Linear sweep voltammetry (LSV) profiles of precursors MnO,, CON, as-prepared
hybrids with 6.5 wt%, 21 wt%, 30 wt% and 60 wt% MnQO, with the rotation rates of 400—2025
rpm.
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Figure S8. Koutecky—Levich (K-L) profiles of precursors MnO,, CON, as-prepared hybrids
with 6.5 wt%, 21 wt%, 30 wt% and 60 wt% MnO,.
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Figure S9. Powder x-ray diffraction (PXRD) patterns of carbonized CON-32 and carbonized
hybrids with varying MnO, contents at 800 °C under Ar atmosphere; the PXRD peak indexes
represent some specific Mn;O,4 phases.
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Figure S10. N, adsorption/desorption isotherm profiles of carbonized CON-32 and carbonized
hybrids with varying MnO, contents at 800 °C under Ar atmosphere.
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Figure S11. (a) TEM images of carbonized hybrid with 6.5 wt% MnO,; together with (b)
scanning transmission electron microscopy (STEM) images and (c) EDS—elemental mapping
of N at the same spots of TEM and STEM images.
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Figure S12. (a) PXRD pattern and (b) FE-SEM image of Mn;0, prepared by the heat-treatment
of MnO; nanosheet at 800 °C in Ar atmosphere.
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Figure S13. LSV profiles of carbonated CON, Mn;0,, carbonized hybrids at 800 °C with 6.5
wt% MnO,, 21 wt% MnO,, 30 wt% MnO, and 60 wt% MnO, with the rotation rates of

400-2025 rpm.
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Figure S14. K-L profiles of carbonated CON, Mn30,, carbonized hybrids at 800 °C with 6.5
wt% MnO,, 21 wt% MnO,, 30 wt% MnO, and 60 wt% MnO,.
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Figure S15. The long term stabilities of carbonized CON-32 and carbonized hybrid with 21
wt% MnO, at 800 °C under Ar atmosphere.
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Table S1. Charge transfer resistance (R.) values of precursors MnO,, CON, as-prepared
hybrids with 6.5 wt%, 21 wt%, 30 wt% and 60 wt% MnO,.

Material Rt (€2)
CON-32 436.5
MnO, 261.4
6.5 wt% MnO, 152.5
21 wt% MnO, 132.7
30 wt% MnO, 180.5
60 wt% MnO, 199.1
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Table S2. Comparison of ORR electrocatalytic performance of COF based catalysts in 0.1 M

KOH.
Material v v}sEllgHE) (T;f\efl;zg; Ref
21wt% MnO, 0.79 64 3.48 This work

COF@MOF, -Fe 0.89 80 3.97 1

Pt-COF@MOF, 0.85 21 3.94 2

Ni/Fe-COF@CNT, 0.87 61 3.95 3

LTHT-FeP 0.83 ] ; 4

JUC-528 0.70 65.9 3.81 5

Fe, @Feg,-N-C 0912 61 3.9 6

mC-TpBpy-Fe 0.845 - ~4 7

Fe, Co, ;Pc-CP NS@G 0.927 - 3.9 8

PTEBbpyCud.5-HT o O%gm) i 3.95 9

1”-NP 0.81 70 ~4 10

FeNi-COP-800 0.803 91 3.9 11
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Table S3. R values of carbonated CON, Mn;0,, carbonized hybrids at 800 °C with 6.5 wt%
MnO,, 21 wt% MnO,, 30 wt% MnO, and 60 wt% MnO,.

Material 1 L(9))
CON-32 286.7
Mn;04 218.1
6.5 wt% MnO, 117.1
21 wt% MnO, 96.2
30 wt% MnO, 143.8
60 wt% MnO, 162.8
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