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Figure S1. EPR spectra of C3N4 and Co-Cat-T550.

Figure S2. Raman spectra of all cobalt-based samples with labeled as: Co-Cat-T500 (a), T550 (b), T600 (c), T700 
(d), T800 (e).
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Figure S3. TEM image of Co-Cat-T550 sample.

Figure S4. (A-F) CV curves (ongoing positive scan) of the Co-Cat-T500, Co-Cat-T550, Co-Cat-T600, 
Co-Cat-T700, Co-Cat-T800 and 20 wt.% Pt/C catalysts in N2 (solid line) and O2-saturated (dash line) 0.1 M KOH 
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at a scan rate of 50 mV s-1, respectively.

Figure S5. CV curves (ongoing positive scan) of the Co-Cat-T500, -T550, -T600, -T700, and -T800 in N2-saturated 
0.1 M KOH at a scan rate of 50 mV s-1, respectively.

Figure S6. (A-E) ECSA measurement for all the samples at different scan rates from 20 to 100 mV s-1 in 
N2-saturated 0.1 M KOH within a non-faradaic region of 0.30−0.40 V vs. RHE; (F) the capacitive currents of all 
the samples measured at 0.35 V vs. RHE were plotted as a function of scan rates from 20 mV s-1 to 100 mV s-1 at 
RT.
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Figure S7. LSV curves of the Co-Cat-T500 (A), Co-Cat-T550 (B), Co-Cat-T600 (C), Co-Cat-T700 (D), and 
Co-Cat-T800 (E) catalysts in O2-saturated 0.1 M KOH at a scan rate of 5 mV s-1 at different rotation speeds ranged 
from 2500 to 900 rpm, RT. Inset: the corresponding Koutecky-Levich plots derived from the LSV curves at 
different potentials.

Figure S8. The number of electrons transferred, n, per O2 molecule calculated from K-L data.
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Figure S9. LSV curves (negative-going scan) of the pure g-C3N4, XC-Vulcan carbon, Co-Cat-T500, and 
commercial 20 wt.% Pt/C catalysts in O2-saturated 0.1 M KOH at 1600 rpm, RT, at a scan rate of 5 mV s-1. 

Figure S10. Current-potential curves, at RT, of the µLFFC with Co-Cat-T500, Co-Cat-T800 and Pt/C as cathode 
electrodes in 3 M KOH. 20 wt.% Pt/C was used as anode.



7



8

Table S1. XPS spectra analyses of N 1s signal (peak position and atomic percentage) for all heat-treated samples.

            N
Catalysts

pyridinic-N 
(N1)

Co-Nx 
(N2)

pyrrolic-N 
(N3)

graphitic-N 
(N4)

oxidized 
graphitic-N (N5)

Ratio of 
N4/N1

Co-Cat-T500 398.3 
(65.7%)

399.5 
(16.7%)

400.3 
(11.9%)

-- (5.7%) -

Co-Cat-T550 398.1 
(65.8%)

399.3 
(18.8%)

400.4 
(11.3%)

- (4.1%) -

Co-Cat-T600 398.2 
(47.7%)

399.1 
(12.6%)

400.1 
(2.7%)

401.0 
(15.8%)

404.7 
(21.2%)

0.33

Co-Cat-T700 398.1 
(33.4%)

399.1 
(13.7%)

400.2 
(12.2%)

401.1 
(21.9%)

404.9
 (18.8%)

0.65

Co-Cat-T800 398.1 
(29.1%)

399.1 
(13.5%)

400.2 
(11.2%)

401.4 
(22.8%)

404.5 
(23.4%)

0.78

Table S2. The onset potential (Eonset), cathodic potential of ORR peak (Ep,c vs. RHE), half-wave potential (E1/2 V vs. 
RHE), kinetic current density at 0.8 V (jk,geo@0.8V/mA cm-2), and Tafel slope (ǀbǀ/mV dec-1) of all samples.

Catalysts Eonset/V 
vs. RHE

Ep,c/V 
vs. RHE

E1/2/V 
vs. RHE

jk,geo@0.8V
/mA cm-2

Tafel slope ǀbǀ
/mV dec-1

Co-Cat-T500 0.93 0.78 0.83 3.33 60

Co-Cat-T550 0.96 0.81 0.86 11.24 52

Co-Cat-T600 0.94 0.78 0.83 3.21 64

Co-Cat-T700 0.92 0.74 0.81 1.73 67

Co-Cat-T800 0.90 0.74 0.78 0.83 62

20 wt.% Pt/C 1.01 0.80 0.86 10.58 66
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Table S3. Comparison of ORR activities of Co-Cat-T (this work) with those reported for Co-based 
and commercial Pt/C catalysts in 0.1 M KOH solution.

Catalysts Eonset/V 
vs. RHE

E1/2/V vs. 
RHE

Tafel slope/
mV dec-1

Ep, c/V 
vs. RHE

Ref.

Co-Cat-T550 0.96 0.86 52 0.81 This work

20% Pt/C 1.01 0.86 66 0.80 This work

NGT-Co35V65-45-900 0.92 
(-0.05 mA cm-2)

0.81 66 ~0.79 1

CoxN/NHCS -0.02 vs. SCE -0.12 vs. 
SCE

89 -0.02 vs. 
SCE

2

Co/NC 0.98 0.87 V 102 0.83 3

Co–N/Co–O@N–C 0.93 N/A 51 N/A 4

Co-N-C/CoOx-3 N/A 0.82 N/A 0.84 5

Co/NC ~0.90 0.83 N/A N/A 6

Co-N@HCS 0.96 0.86 56 N/A 7

Co–Nx/C NRA ~0.97 0.88 66 0.87 8

CoCOF-Py-0.05rGO 0.84 0.77 N/A 0.75 9

CoNx/NGA 0.93 0.83 66 0.78 10

Co-N-OMMC-0.6 N/A 0.83 N/A 0.78 11

CoO/N-rMdGO 0.89 082 57 N/A 12

CoO/rGO(N) 0.95 0.83 58 N/A 13
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