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Figure S1. SEM images of ZIF-8@ZIF-67 (1/2) (a) and C-N/Co (1/2) (b, ¢), and high-resolution

TEM image of C-N/Co (1/2) (d).
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Figure S2. Cyclic voltammograms of the ORR in O;-saturated 0.1 M KOH solution on the

synthesized catalysts.
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Figure S3. (a) RDE LSV cures of the ORR in O,-saturated 0.1 M KOH solution on C-N/Co (1/2)
at different rotation rates from 400 to 2400 rpm; The inset figure shows the Koutecky-Levich plots
for C-N/Co (1/2) at various potentials. (b) Voltammograms of C-N/Co (1/2) measured with
rotating ring-disk electrode (RRDE) in O,-saturated 0.1 M KOH at a rotating rate of 1,600 rpm
and a potential scanning rate of 5 mV s!; The inset shows the corresponding electron transfer

number and HO,™ production yield at various potentials.
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Figure S4. Chronoamperometry test of C-N/Co (1/2) and Pt/C on addition of 1.0 M methanol

after about 200 s in O,-saturated 0.1 M KOH solution at 0.6 V.
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Figure S5. LSV curves of C-N/Co(1/2) and the compared samples in O,-saturated 0.1 M KOH

solution for ORR (a) and in O,-saturated 1 M KOH solution for OER (b).
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Figure S6. LSV curves of C-N/Co (1/2) carbonized at 820 °C in O,-saturated 1 M KOH solution
for OER (a) and in O,-saturated 0.1 M KOH solution for ORR (b). SEM image of C-N/Co (1/2)

carbonized at 820 °C (c).
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Figure S7. (a, c, e, g) Cyclic voltammograms of the synthesized catalysts at different scanning
rates; (b, d, f, h) the corresponding plots of the capacitive current at 1.25 V as a function of the

scan rate.

The electrochemical double-layer capacitance (Cg) was measured via performing
cyclic voltammetry (CV) in the illegal Faraday electrode potential range with
different scan rates. Because the electrochemical active surface area (ECSA) is
proportional to the Cg, Cq is often used to estimate the ECSA -2, As can be seen from
Fig.S7, the potential range of the measured samples was 1.20~1.3 V and the scanning
speeds was between 10 and 90 mV s! with an interval of 20 mV s! in this study. The
C-N/Co (1/2) composite manifests larger Cq (22.9 mF c¢cm™2) than C-N/Co (14.2 mF
cm2), C-N/Co (1/3) (16.5 mF cm?) and C-N/Co (2/3) (18.2 mF cm?). It is recognized
that an increase of ECSA leads to the enhancement of catalytic activity 3. Therefore,
increased electrochemically active sites are exposed on the surface of C-N/Co (1/2)
catalyst in consideration of the similar BET specific surface areas of as-prepared

composites.
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Figure S8. (a) N, adsorption-desorption isotherms and (b) the pore size distributions of the

synthesized catalysts.

Nitrogen adsorption-desorption isotherm measurements were used to analyze the
specific surface area and pore size distribution of the samples. As shown in Fig.S2a,
all N, adsorption-desorption isotherms demonstrate a typical type-IV isotherm,
suggesting the presence of a mesoporous structure. Normally, the larger specific
surface area is anticipated to supply more active sites, leading to a better
electrochemical activity. However, the Brunauer-Emmett-Teller (BET) surface area of
the C-N/Co (1/2) was 224.5 m? g”!, which is similar to that of the C-N/Co (275.5 m?
g, C-N/Co (1/3) (228.7 m? g'!) and C-N/Co (2/3) (223.9 m? g'!). This is different
from the ORR (Fig. 5b) and OER (Fig. 5d) results, indicating the BET specific
surface area may be not the main reason that affects the electrocatalytic properties of
the catalyst in this system. Besides, the porous structure and carbon nanotubes endow
all synthesized composites large specific surface areas, being supposed to be
conducive to electron and mass transport*6. Fig.S2b shows the relative Barrett-

Joyner-Halenda (BJH) pore size was distributed at ~3.79 nm and further confirms the



mesoporous structure of C-N/Co (1/2).
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Figure S9. Ring (Fe?>"™ — Fe’™ + ¢7) and disk (Fe** + e~ — Fe?") currents for the determination of
collection efficiency of RRDE loaded with C-N/Co (1/2) catalyst. The electrolyte is degassed 0.1
M NaOH with 0.01 M K;Fe(CN)s. The rotating rate of RRDE is 1600 rpm and a potential

scanning rate is 5 mV s'l. The collection efficiency is calculated to be (24.6 £ 0.3)%, close to the

manufactures data 24.9%.

Table S1. Comparison of ORR performance of C-N/Co (1/2) with other electrocatalysts reported

in literature.

Catalysts Onset potential (V) n Electrolyte
C-N/Co (1/2) (this work) 0.89 3.96 0.1 M KOH
300nm-MDC’ 0.86 3.7 0.1 M HCIO4
CoNi-MOF/rGO? 0.88 0.1 M KOH
O-NiCoFe-LDH’ 0.8 3.9 0.1 M KOH
meso-Co03;04-350 0.75 3.5~3.9 0.1 M KOH
Carbon-L!! 0.86 3.68 0.1 M KOH
CoP@SNC!? 0.87 3.82~3.99 0.1 M KOH
CNF@Zn/CoNC"3 0.91 >3.88 0.1 M KOH
CNF@CoNC'3 0.89 >3.8 0.1 M KOH
CoP NCs'* 0.8 3.5 0.1 M KOH




Table S2. Comparison of OER performance of C-N/Co (1/2) with other electrocatalysts reported

in literature.

Catalysts n at 10 mA cm? Tafel slope (mV dec- Electrolyte
V) "

C-N/Co (1/2) (this work) 0.29 66 1 M KOH
CoNi-MOF/rGO?® 0.318 48 1 M KOH
O-NiCoFe-LDH’ 0.34 93 0.1 M KOH
meso-Co0304-3510 0.411 80 0.1 M KOH

CoP@SNC!? 0.35 68 1 M KOH
CNF@Zn/CoNC'3 0.47 124 0.1 M KOH
CNF@CoNC"3 0.48 147 0.1 M KOH
Zn-doped CoSe,/CFC! 0.356 88 1 M KOH
CoP/rGO'¢ 0.34 66 1 M KOH
CoS; NTAY 0.276 81 1 M KOH
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