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Figure S1. a) FESEM and b) enlarged FESEM images of SiO, nanospheres. ¢) size

distribution of SiO, nanospheres
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Figure S2. TEM images of Si0,@Co-PDA nanospheres.
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Figure S3. TEM images of Si0,@Co3;04@N-PCSs nanospheres.



Figure S4. TEM images of a) N-HPCNSs, b) Co3;04-5%@N-HPCNs, c¢) Co3;04-
10%@N-HPCNs and d) Co304-15%@N-HPCNs.
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Figure S5. XPS survey spectrums of Co304-10%@N-HPCNs
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Figure S6. The RDE measurements of a) N-HPCNSs, ¢) Co3;04-5%@N-HPCN:Ss, e)
C0304-10%@N-HPCNs and g) Co3;04-15%@N-HPCNs at a scan rate of 10 mV s-
1, The Koutecky-Levich (K-L) plots of b) N-HPCNs, d) C0o304-5%@N-HPCNs, f)
Co0304-10%@N-HPCNs and h) Co304-15%@N-HPCNs.
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Figure S7. Scan rate dependence of current densities in CV curves for different
electrocatalysts for ORR. a) N-HPCNs, b) Co3;04-5%@N-HPCNs, ¢) Co304-10%@N-
HPCNs, d) Co304-15%@N-HPCNss, e) Calculated Cdl values for all samples.



Figure S8. a) TEM and (b-f) EDS mapping images of HAADF-STEM elemental
mapping images of C03;04-10%@N-HPCNs after long-term ORR and OER stability
tests.
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Figure S9. Photographs of open-circuit voltage of RZABs based on a) Co3;04-10%@N-
HPCNs and b) Pt/C + Ru/C.
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Figure S10. Nyquist plots of the RZABs based on Co304-10%@N-HPCNs and Pt/C +
Ru/C.
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Figure S11. Discharge curves of the RZABs based on Co304-10%@N-HPCNs and
Pt/C + Ru/C at various discharge current densities.
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Figure. S12 The SEM images of Zn anode a) before, b) after discharge and c) after
charge, d) the XRD patterns of Zn anode before and after discharge and after charge.
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Figure S13. Galvanostatic cycling stability of RZABs with Pt/C + Ru/C cathode at a
current density of 10 mA cm™.
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Table S1. Thorough comparison of performances of recently reported bifunctional oxygen

electrocatalysts.
Catalyst ORR OER Activity Reference
(E1, V) (Ej-10, V) (AE=Ej-10-E1p, V)
C0;04-10%@N-HPNCs 0.83 1.61 0.78 This work
Co-Co304@NAC 0.79 1.61 0.81 S1
C0304-Co/CoFe@C 0.81 1.59 0.78 S2
Co@Co304/NC 0.80 1.65 0.85 S3
C09S8-NSHPCNF 0.82 1.58 0.76 S4
CoFe204@CNTs 0.78 1.74 0.96 S5
N-CNSP 0.85 1.62 0.77 S6
NiO/CoN PINWs 0.68 1.53 0.85 S7
Co7Fe3/CFNC 0.83 1.63 0.80 S8
Fe3C/Fe203@NGNs 0.76 1.69 0.93 S9
CNTs@(Fe,Co)PP-700 0.86 1.80 0.94 S10
Co02P/CoN-in-NCNTs 0.85 1.65 0.80 S11
p-CoNi@NSCs 0.81 1.65 0.84 S12

NiFe-LDH/Co,N-CNF 0.79 1.54 0.75 S13
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Open circuit voltage power density Stability of
Catalyst Reference
V) (mW cm?) RZABs?
1000 h .
C0304-10%@N-HPNCs 1.583 145 This work
10 mA cm??
35h
Co-Co304@NAC 1.449 164 S1
10 mA cm?
) 8h
NiO/CoN PINWs 1.460 79.6 S7
3 mA cm?
260 h
Co;Fes/CFNC 1.446 100.6 S8
10 mA cm™?
116 h
CNTs@(Fe,Co)PP-700 1.537 74 S10
2 mA cm?
) 95h
Co,P/CoN-in-NCNTs 1.362 194.6 S11
10 mA c¢cm?
. 430 h
p-CoNi@NSCs 1.460 87.9 S12
10 mA cm™?
9.5h
Co@N-CNT 1.450 168 S14
20 mA cm™
40 h
FeCo-NCNFs-800 1.480 74 S15
10 mA cm™2
. 30h
CoNi/BCF 1.438 155.1 S20
10 mA cm?
80 h
Co@NPCFs 1.450 91.9 S24
2 mA cm?
0.6h
Co@NCNT-300 1.521 162.5 S25
10 mA cm2
85h
Co-SAs@NC 1.460 105.3 S26
10 mA cm?
48 h
FeCo@MNC 1.410 143 S27
20 mA cm™
26.7h
Fe/Co-N/S-C 1.395 102.6 S28

17

5 mA cm™?



FeCoMoS@NG

CoFe@NC-SE

Co@NGC-NSs

N-HCNT-70

CoO/NG

1.440

1.581

1.360

1.492

1.490

118

102

523

189.3

169.6

70 h
2 mA cm™

30h
5 mA cm™?

16 h

5 mA cm?

84 h
10 mA cm?

40 h
10 mA cm™2

S29

S30

S31

S32

S33

aThe cycling conditions and period of rechargeable Zn-air batteries.
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