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Fig. S1. The SEM images (a,b) of the Co-TPTZ@3D-NaCl precursor.
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Fig. S2. XRD pattern of 3D-Co-N-C before and after acid-treatment process.
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Fig. S3. Fourier transform infrared spectrometer (FT-IR) spectra of TPTZ and Co-TPTZ.
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Fig. S4. The pore-size distribution of Co-N-C; Inset is the N, adsorption-desorption isotherms.
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Fig. S5. (a) The comparison of N1s XPS spectra of N-C, Co-N-C and 3D-Co-N-C. (b) The content

distribution of vaious nitrogen-rich groups in the prepared catalysts.
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Fig. S6. CV curves of N-C, Co-N-C and 3D-Co-N-C in N,-saturated 0.1 M KOH solution.
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Fig. S7. The electrocatalytic activity comparison among N-C, Co-N-C and 3D-Co-N-C in terms of

ORR peak potential, ORR half-wave potential and limited current density at given potentials.
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Fig. S8. The Tafel curve of prepared catalysts in the range of 0.84-0.96 V.
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Fig. S9. LSV curves for ORR of 3D-Co-N-C catalysts with different ratios of cobalt ions coordinated
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with TPTZ ligand.
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Fig. S10. LSV curves for ORR of 3D-Co-N-C catalysts obtained from different heat-treatment

temperatures (a) and heat-treatment times (b).
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Fig. S11. CV curves for ORR of 3D-Co-N-C before and after CV for 5000 cycles in O,-saturated 0.1

M KOH electrolyte.



Table S1. The ORR activity data for 3D-Co-N-C and other similar carbon-based electrocatalysts.

Samples Eorr Ei; n Ja References
Co-NC(900) 0.85V (vs.RHE) 0.80 V vs.RHE 3.9 5.5 mA cm? @ + 0.65 V vs. RHE [36]
FeN/C-PANI 0.99V (vs.RHE) 0.85 V vs.RHE 4.0 5.3 mA cm? @ + 0.65 V vs. RHE [37]

Co/N/C-A 0V vs.Hg/HgO - 4.1 4.2 mA cm? @ —0.4 V vs. Hg/HgO [38]
CoN/C-600 0.91 V (vs.RHE) 0.85 Vvs.RHE 3.8 5.7 mA cm? @ + 0.55 V vs. RHE [39]
BP350C1000 0.90 V (vs.RHE) 0.78 V vs.RHE 3.5 1.0 mA cm2 @ + 0.65 V vs. RHE [40]
N-Graphene (900) 0.31 V (vs.SHE) 0.35 V vs.SHE 3.6 3.0mA cm? @ —1.0 V vs.SHE [41]
GO flakes -210 mV (vs.Ag/AgCl) -—- 1.9 3.7mA cm? @ —-1.0 V vs.Ag/AgCl [42]
Fe-PANI@GD-900 1.05 V (vs.RHE) 0.82 V vs.RHE 4.0 45mA cm? @ 0.5V vs. RHE [43]
750-8N-CNO 0.05 V (vs.Ag/AgCl) --- 4.1 4.0 mA cm™ @ —0.60 vs. Ag/AgCl [44]
Co-Nx@CNF700 0.941 V (vs.RHE) 0.814 V vs. RHE 3.9 5.5 mA cm @ 0.65 vs. RHE [45]
ZnN,/BP 0V (vs.SCE) -175 mV vs. SCE 4.0 6.0 mV cm2 @ 0.60 vs. SCE [46]
Co09Sg/N,S-CNS 0.90 V (vs.RHE) 0.80 V vs.RHE 3.8 4.5mV cm? @ 0.60 vs. RHE [47]

N-HCNs 0.931 V (vs.RHE) 0.84 V vs.RHE 3.9 5.5 mA cm @ 0.65 vs. RHE [48]
3D-Co-N-C 1.0 V (vs.RHE) 0.83 V vs. RHE 3.8 5.9 mA cm? @ 0.65 vs. RHE This work




Table S2. The BET surface area (Sggr) and total nitrogen content of N—doped carbon catalysts and their corresponding ORR activities.

Samples Eorr (vs.RHE) | Eq; (vs. RHE) Ja N content (at. %) | Sger (m2 g™') | References
Co—N,@CNF700 094V 081V 5.5 mA cm? @ 0.65 vs. RHE 1.96 452.44 [45]
N’N-GDY 098V 0.84V 4.37 mA cm™? @ 0.65 vs. RHE 3.67 1154 [49]
NGR-900 090V 0.80 V 2.9mV cm™ @ 0.60 vs. RHE 2.74 771 [50]
ANPC-3 081V 075V 5.09 mA cm? @ 0.8 V vs. RHE 2.77 1749 [51]
Fe/N/APC-900 096 V 0.88 V 6.3 mA cm? @ 0.60 vs. RHE 1.87 1083 [52]
NCF-900 1.05V 0.89V 8.66 mA cm @ 0.60 vs. RHE 1.96 1547 [53]
CNFe 099V 090V 6.01 mA cm? @ 0.60 vs. RHE 3.20 1141 [54]
NGS4-900 098V 085V 5.98 mA cm? @ 0.60 vs. RHE 2.0 137 [55]
CSs—20h—-900 098V 0.84V 4.2 mA cm? @ 0.60 vs. RHE - 756 [56]
NSMC-900 098V 0.85V 5.5mA cm-2 @ 0.50 vs. RHE 2.19 499 [57]

3D-Co-N-C 1.00 V 0.83V 5.9 mA cm? @ 0.65 vs. RHE 8.13 638 This work
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