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Physicochemical characterization

The morphologies of catalysts were determined by scanning electron microscopy (SEM, JEOL 

JSF-7500 L) operated at 5 kV. Transmission electron microscopy (TEM) tests were recorded on a 

JEOL JEM-2800 (200 kV) electron microscopy. Powder X-ray diffraction (XRD) data of the as-

obtained products were recorded on a Bruker D8 Focus diffractometer with Cu-Kα radiation. X-

ray photoelectron spectroscopy (XPS) measurements were recorded on Thermo Scientific 

ESCALAB 250Xi spectrometer used Al Kα X-rays (1486.6 eV) as the excitation source.
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Fig. S1 XRD pattern for N-doped carbon.
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Fig. S2 XPS survey spectrum of CoP/Ni2P@NC.
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Fig. S3 EDX spectrum of the obtained CoP/Ni2P@NC.

Fig. S4 TEM images of (a) CoP@NC and (b) Ni2P@NC. 
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Fig. S5 (a) XRD patterns of CoP/Ni2P@NC before and after long-term HER durability test in 0.5 
M H2SO4. (b) HRTEM image of CoP/Ni2P@NC after long-term HER durability test in 0.5 M 
H2SO4.
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Fig. S6 Cyclic voltammograms of CoP@NC (a) and Ni2P@NC (b) measured at different scan 
rates from 20 to 100 mV s-1. Inset in (a, b): Plots of the current density at 0.90 V versus the scan 
rate.
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Fig. S7 (a) Polarization curves for Pt/C and CoP/Ni2P@NC for HER with a scan rate of 2 mV s-1. 
(b) Chronoamperometry curve of CoP/Ni2P@NC at a fixed overpotential of -700 mV for 12 h.
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Table S1. Comparison of HER performance of some recently reported bimetallic CoNi-based 
materials in 0.5 M H2SO4.

Catalyst Electrolyte Eη=10 (mV) VS. 

RHE

Tafel slop 

(mV·dec-1)

Reference

CoP/Ni2P@NC 0.5 M H2SO4 91 62 This work.

CoNiP@NF 0.1M H2SO4 60 39 1

CoNi@NC 0.5M H2SO4 142 104 2

CoP/CC 0.5M H2SO4 92 58 3

CoP NBAs/Ti 0.5M H2SO4 203 40 4

Co2P/Ti 0.5M H2SO4 95 45 5

CoP/CNT 0.5M H2SO4 122 54 6

Ni2P@C 0.5M H2SO4 186 64 7

Table S2. Comparison of HER performance of some recently reported bimetallic CoNi-based 
materials in 1.0 M KOH.

Catalyst Electrolyte Eη=10 (mV) VS. 

RHE

Tafel slop 

(mV·dec-1)

Reference

CoP/Ni2P@NC 1.0 M KOH 143 62 This work.

CoNiP@NF 1.0 M KOH 155 115 1

NiCoP/NF 1.0 M KOH 32 37 8

Co0.5Ni0.5P/NC/NF 1.0 M KOH 90 70.9 9

Ni@Co-Ni-P 1.0 M KOH 52 65.1 10

CoNi2S4 1.0 M KOH 400 (Eη=32) 85 11

CoNi2Se4 1.0 M KOH 220 N.A. 12

FeCoNi 1.0 M KOH 149 77 13

CoxNiyP 1.0 M KOH 129 52 14
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Table S3. Comparison of OER performance of some recently reported non-noble-metal catalysts 
in 1.0 M KOH.

Catalyst Electrolyte Eη=10 (mV) vs. 

RHE

Tafel slop 

(mV·dec-1)

Reference

CoP/Ni2P@NC/NF 1.0 M KOH 330 68 This work

NiCoP/NF 1.0 M KOH 280 87 8

CoNi2Se4 1.0 M KOH 160 72 12

FeCoNi 1.0 M KOH 288 92 13

CoxNiyP 1.0 M KOH 245 61 14

Ni3Se2/CF 1.0 M KOH 340 (Eη=50) 80 15

CoNiP@LDH 1.0 M KOH 216 45 16

Co-P film 1.0 M KOH 345 47 17

Ni3N/Ni-foam 1.0 M KOH ~ 399 65 18
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Table S4. Comparison of ORR performance of some recently reported non-noble-metal catalysts 
in 0.1 M KOH.

Catalyst Electrolyte Half-cell

potential

(V vs. RHE)

Limiting current density

(mA cm-2)

Reference

CoP/Ni2P@NC/NF 0.1 M KOH 0.79 4.95 This work

CoOx@NGCR 0.1 M KOH 0.80 4.90 19

Co/CoNx/NCNT/C 0.1 M KOH 0.80 3.84 20

Co9S8/N, S-CNS 0.1 M KOH 0.80 4.50 21

Co-NC@CoP-NC 0.1 M KOH 0.78 3.74-4.15 22

Co/CoP-HNC 0.1 M KOH 0.83 N.A. 23

Co-Ni(1:1)@NC-900 0.1 M KOH 0.821 N.A. 24

NiO/CoN PINWs 0.1 M KOH 0.68 N.A. 25

NiCo2S4/N-CNT 0.1 M KOH 0.80 3.2 26

CoP@SNC 0.1 M KOH 0.79 N.A. 27

CoP NCs 0.1 M KOH 0.70 4.5 28

Co2P@CoNPG-800 0.1 M KOH 0.80 6.68 29
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Table S5. The overall water splitting activities of CoP/Ni2P@NC/NF and the previously reported 
bifunctional non-noble metal catalysts in 1.0 M KOH.

Catalyst Electrolyte Eη=10 (V) vs. RHE Reference

CoP/Ni2P@NC/NF 1.0 M KOH 1.60 This work

NiCoP/NF 1.0 M KOH 1.58 8

CoNi2Se4 1.0 M KOH 1.61 12

FeCoNi 1.0 M KOH 1.687 13

CoxNiyP 1.0 M KOH 1.59 14

CoNiP@LDH 1.0 M KOH 1.44 16

NiCo2S4 NA/CC 1.0 M KOH 1.68 30

CoP-MNA/NF 1.0M KOH 1.62 31

Ni5P4 Films 1.0 M KOH ~ 1.7 32
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Table S6. The comparisons of some recently reported Co/Ni-based cathodes for Zn-air battery in 
alkaline environment. 

Air catalyst used Peak power density 

(mW cm-2)

Cycling tests Reference

CoP/Ni2P@NC/NF 77 20 min/cycle for 100 cycles; 33.3 h This work

NiO/CoN PINWs 79.6 10 min/cycle for 50 cycles; 8.3 h 25

CoP@SNC N.A. 600 s/cycle for 180 cycles; 30 h 27

NiO/Ni(OH)2 N.A. 70 min/cycle for 70 cycles; 82 h 33

NPMCs 55 N.A. 34

N-GRW 65 N.A. 35

MnO2/Co3O4 33 7 min/cycle for 60 cycles; 7 h 36

Co@Co3O4@NC-900 ~ 64 120 min/cycle for 100 cycles; 200 h 37

Co-Ni-S@NSPC 51.6 20 min/cycle for 180; 60 h 38

200-CNTs-Co/NC 83.1  N.A. 39

ZnCo2O4/N-CNT 82.3 20 min/cycle for 17 cycles; 5.67 h 40
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