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Fig. S1 Digital photographs of pristine Ni foam, CoAl-LDH/NF and Al-CoP/NF (from left to 
right).
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Fig. S2 Wide-angle XRD pattern of CoAl-LDH scratched down from Ni foam.
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Fig. S3 SEM image of pristine Ni foam.
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Fig. S4 XRD pattern of Al-CoP/NF after long-term HER durability test.
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Fig. S5 SEM image of Al-CoP/NF after long-term HER durability test.
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Fig. S6 Comparison of HER polarization curves of Al-CoP/NF and scratched Al-CoP on Ni 
foam at a scan rate of 2 mV s-1 in 0.5 M H2SO4.
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Fig. S7 (a) Polarization curves for HER of Al-CoP/NF with different ratios of Co : Al = 10 : 
0.5, 10 : 1 and 10 : 2 (scan rate: 2 mV s-1). (b) The Nyquist plots of Al-CoP/NF with different 
ratios of Co : Al = 10 : 0.5, 10 : 1 and 10 : 2. All experiments were carried out in 0.5M H2SO4. 
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Fig. S8 Cyclic voltammograms of CoP/NF measured at different scan rates from 20 to 100 mV 
s−1. Inset: The plots of the current density at 0.44 V (vs. RHE) against the scan rate.
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Fig. S9 (a) Polarization curves for OER (scan rate: 2 mV s-1) and (b) the Nyquist plots of Al-
CoP/NF with Co / Al ratios of 10 : 0.5, 10 : 1 and 10 : 2. All experiments were carried out in 
1.0 M KOH. 
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Fig. S10 XPS spectra of Al-CoP in (a) Co 2p and (b) P 2p regions before and after OER.
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Fig. S11 Polarization curves of Al-CoP/NF║Al-CoP/NF in a two-electrode setup for full water 
splitting before and after 1000 CV cycles with scan rate: 100 mV s−1.

Table S1. Comparison of HER performance of some recently reported Co-based phosphide 
electrocatalysts in 0.5 M H2SO4.

Catalyst Substrate Electrolyte Eη=10 (mV) vs. RHE Tafel slop (mV·dec-1) Reference

Al-CoP/NF Ni foam 0.5M H2SO4 51 68 This work

CoNiP@NF Ni foam 0.5M H2SO4 60 39 1

Fe0.5Co0.5P/CC Carbon cloth 0.5M H2SO4 37 30 2

CoP/CC Carbon cloth 0.5M H2SO4 92 58 3

CoP/CC Carbon cloth 0.5M H2SO4 67 51 4

CoP NBAs/Ti Ti mesh 0.5M H2SO4 203 40 5

CoP/Ti Ti mesh 0.5M H2SO4 85 (Eη=20) 50 6

np-CoP NWs/Ti Ti mesh 0.5M H2SO4 95 (Eη=20) 65 7

Co2P/Ti Ti mesh 0.5M H2SO4 95 45 8

u-CoP/Ti Ti mesh 0.5M H2SO4 45 49.3 9

Mn-CoP/Ti Ti mesh 0.5M H2SO4 49 55 10

Co-P film Copper foil 0.5M H2SO4 94 42 11

CoP/Hb Hastelloy belt 0.5M H2SO4 78 68 12

CoP/CNT Carbon Nanotube 0.5M H2SO4 122 54 13

CoS|P/CNT Carbon Nanotube 0.5M H2SO4 48 55 14

CoP CoP film 0.5M H2SO4 85 50 15
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Table S2. Comparison of HER performance of some recently reported Co-based phosphide 

electrocatalysts in 1.0 M KOH.

Catalyst Substrate Electrolyte Eη=10 (mV) vs. RHE Tafel slop (mV·dec-1) Reference

Al-CoP/NF Ni foam 1.0 M KOH 66 94 This work

CoNiP@NF Ni foam 1.0 M KOH 155 115 1

CoP/CC Carbon cloth 1.0 M KOH 90 68 3

CoP/Hb Hastelloy belt 1.0 M KOH 52 88 12

CoP-MNA/NF Ni foam 1.0 M KOH 54 51 16

Ni@Co-Ni-P Ni foam 1.0 M KOH 52 65.1 17

CoP/TM Ti mesh 1.0 M KOH 72 65 18

Fe-CoP/Ti Ti mesh 1.0 M KOH 78 75 19

Co2P/Co-foil Co foil 1.0 M KOH 157 59 20

Table S3. Comparison of HER performance of some recently reported Co-based phosphide 

electrocatalysts in neutral media.

Catalyst Substrate Electrolyte Eη=10 (mV) vs. RHE Tafel slop (mV·dec-1) Reference

Al-CoP/NF Ni foam 1.0 M PBS 83 89 This work

CoNiP@NF Ni foam 1.0 M KPi 120 103 1

CoP/CC Carbon cloth 1.0 M PBS 162 93 3

np-CoP NWs/Ti Ti mesh 1.0 M PBS 178 125 7

Mn-CoP/Ti Ti mesh 1.0 M PBS 86 82 10

CoP/Hb Hastelloy belt 1.0 M PBS 121 106 12
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Table S4. Comparison of OER performance of some recently reported non-noble-metal 

catalysts in 1.0 M KOH.

Catalyst Substrate Electrolyte Eη=10 (mV) vs. RHE Tafel slop (mV·dec-1) Reference

Al-CoP/NF Ni foam 1M KOH 330 69 This work

Co-P film Copper foil 1M KOH 345 47 11

CoP-MNA/NF Ni foam 1M KOH 290 65 16

NiCoP/NF Ni foam 1M KOH 280 87 21

CoOX@CN GCE 1M KOH 260 N.A. 22

NiOOH/Ni5P4 Ni foil 1M KOH 290 N.A. 23

 CoP/TM Ti mesh 1M KOH 310 87 18

Ni3Se2/CF Cu foam 1M KOH 340 (Eη=50) 80 24

Ni3N/Ni-foam Ni foam 1M KOH ~ 399 65 25

Table S5. The overall water splitting activities of Al-CoP/NF and the previously reported 

bifunctional non-noble metal catalysts in 1.0 M KOH.

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

Al-CoP/NF Ni foam 1M KOH 1.63 This work

Co-P film Copper foil 1M KOH 1.65 11

CoP-MNA/NF Ni foam 1M KOH 1.62 16

NiCoP/NF Ni foam 1M KOH 1.58 21

CoOX@CN GCE 1M KOH 1.55 (Eη=20) 22

Ni5P4 Films Ni foil 1M KOH ~ 1.7 23

 CoP/TM Ti mesh 1M KOH 1.64 18

Ni3Se2/CF Cu foam 1M KOH 1.65 24

Ni3S2/Ni foam Ni foam 1M KOH ~ 1.7 26

NiP/NF Ni foam 1M KOH 1.63 27

NiCo2S4 NA/CC Carbon cloth 1M KOH 1.68 28

NiWO4/TM Ti mesh 1M KOH 1.65 (Eη=20) 29
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