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Fig. S1 Calibration to reversible hydrogen electrode (RHE) in 0.1 M KOH (a), 0.5 M H,SO, (b) and
1.0 M KOH (c) electrolytes.

All the reported potentials in our paper were calibrated to the RHE potentials according to the
reported method.S! The calibration was performed in a standard three-electrode system with platinum
wires as the working and counter electrodes, and the Ag/AgCl electrode as the reference electrode.
Linear scanning voltammetry (LSV) was then run at a scan rate of 5 mV s°!, and the potential at which
the current crossed zero is taken to be the thermodynamic potential for the hydrogen electrode

reactions.
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Fig. S2 The selected-area electron diffraction (SAED) image of NiCo@N-C-900.
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Fig. S3 (a) The high-resolution N 1s XPS spectra of the N-GCTHs, (b) Co 2p XPS spectra of the
Co@N-C and (c) Ni 2p XPS spectra of the Ni@N-C.
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Fig. S4 The CV curve of NiCo@N-C-900 in O,-saturated 1 M KOH solution.
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Fig. S5 (a,c) RRDE polarization curves of ORR on NiCo@N-C-800, 900, 1000 in O,-saturated 0.1 M
KOH and 0.5 M H,SOy, at a rotation rate of 1600 rpm. (b,d) The ORR electron transfer numbers (7)

and yield of H,O, (%) for different catalysts based on the corresponding RRDE polarization curves.
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Fig. S6 Chronopotentiometric stability test of NiCo@N-C-900 with a stationary current density of 20

mA cm=2.
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Fig. S7 XRD pattern of the NiCo@N-C-HCI catalyst.
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Fig. S8 (a) LSV polarization curves on N-C, Ni@N-C, Co@N-C, NiCo@N-C and IrO, catalysts in
O,-saturated 1.0 M KOH electrolyte. (b) LSV polarization curves of OER on NiCo@N-C, NiCo@N-
C-HCl and NiCo@N-C-HCI SCN- catalysts in Oj-saturated 1.0 M KOH electrolyte. (¢c) LSV
polarization curves of OER on C, N-C, N-C-HC] SCN- and NiCo@N-C-HCl SCN- catalysts in O,-
saturated 1.0 M KOH electrolyte.
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Fig. S9 The LSV curves of NiCo@N-C-900 for ORR (a) and OER (b) using graphite rod or Pt wire as

counter electrode and Hg/HgO or Ag/AgCl as reference electrode.

The corresponding contrast experiments were carried out to investigate the electrocatalytic activity of
NiCo@N-C-900 catalyst for ORR and OER using a graphite rod as the counter electrode and Hg/HgO
as a reference electrode. As can be seen from Fig. S9-a and b, the difference of ORR and OER

activity on NiCo@N-C-900 catalyst using graphite rod as counter electrode and Hg/HgO as reference



electrode from that using Pt wire as counter electrode and Ag/AgCl as reference electrode is
negligible in alkaline media. This result confirms that Pt can be served as the counter electrode and
Ag/AgCl electrode is also stable and suitable in alkaline media. In addition, it is the most common
method that Pt electrode served as a counter electrode and Ag/AgCl as a reference electrode during

ORR and OER tests in alkaline media in the literature.82-57

Table S1-a. The surface composition of different catalysts and the relative content of different types

of nitrogen species on N-GCTHs, Co@N-C, Ni@N-C and NiCo@N-C from the XPS analysis.

Element composition (at. %) Relative content (%)
Samples
C N (0] Co Ni Py-N  M-N, Pyr-N G-N  NO,
N-GCTHs 7846 864 129 — — 36.0 — 64.0 — —
Co@N-C 9423 239 287 0.51 — 15.6 24.6 15.5 23.8  20.6
Ni@N-C 93.55 182 282 — 1.8 9.1 21.8 18.5 274 232

NiCo@N-C 88.84 3.65 480 1.19 152 254 32.0 12.4 16.8 133

Table S1-b. The relative content of Co-Ny and Ni-Ny moieties on Co@N-C, Ni@N-C and NiCo@N-

C estimated from the XPS analysis.

Relative content (%)

Samples

Co@N-C Ni@N-C NiCo@N-C
Co-N, (%) 33.7 — 44.8
Ni-N, (%) — 23.5 32.7




Table S2-a. Comparison of ORR and OER catalytic activity in alkaline electrolytes for recently

reported non-precious electrocatalysts in the literature.

ORR ORR OER
Catalysts ];ri(?;ch;% Onset potential Iﬁ)lfe_r‘:;?;e lfg:giti;lnzg Ref
(Vivs. RHE) /(6 RHE)  (V vs. RHE)
Co@NCNT 0.425 1.03 0.828 1.66 S8
Co@Co;04/NC 0.21 — 0.8 1.65 S9
NiCo@NCNT-700 0.21 0.93 0.82 — S10
NiCo@NC 0.40 — 0.81 1.76 S11
NPCN/NiCo-NCNT 0.714 0.94 ~0.87 1.59 S12
NiCo@NCNT/NF 8.45 0.97 0.87 1.54 S13
Co-CsNy/CNT 0.41 0.90 — 1.61 S14
NiCo/PFC 0.13 0.92 0.76 1.63 S15
NCNT/CoONiO-NiCo 0.21 1.0 0.83 1.51 S16
CuCo@NC 0.18 0.96 0.88 — S17
PPy/FeTCPP/Co 0.30 1.01 0.86 1.57 S18
Fey3C007/NC 0.26 — 0.88 — S19
3D-CNTA 0.41 0.95 0.81 1.59 S20
Pt/C-IM 0.10 1.04 0.84 — This work
0.61 1.06 0.88 —
NiCo@N-C-900 This work
0.96 — — 1.51




Table S2-b. Comparison of ORR catalytic activity in acidic electrolytes for recently reported non-

precious electrocatalysts in the literature.

Loading Half—wgve
Catalysts potential Electrolytes Ref

mglem® oo RHE)
PPy/FeTCPP/Co 0.30 0.72 0.1IM HCIO, S18
NiCo@NCNT-700 0.21 0.40 0.1IM HCIO, S11
Co-N;-C 0.60 0.71 0.1M HCIO, S21
FeCo/C-800 0.60 0.75 0.1M HCIO, S22
CoFe-PDAP 0.50 0.73 0.5M H,SO, S23
PpPD-Fe-C 0.90 0.72 0.5 M H,SO,4 S24
FePc-Py-CNT 0.32 0.66 0.5M H,SO4 S25
Co corrole/BP2000 0.40 0.73 0.5M H,S0O, S26
Co, N-CNF 0.36 0.67 0.5M H,SO, S27
Fe;Mn—-AAPyr 0.60 0.75 0.5M H,SO, S28
FeMo-C/N-3 0.10 0.67 0.5M H,SO4 S29
PANI-FeCo-C 0.60 0.80 0.5M H,SO, S30
CoP-CMP800 0.60 0.64 0.5M H,S0O, S31
Fe/Co-CMP-800 0.60 0.78 0.5M H,SO, S32
Pt-IM 0.10 0.78 0.5M H,SO, This work
NiCo@N-C-900 0.81 0.76 0.5M H,SO, This work
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