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Supporting Figures

Figure S1. EDS spectrums of (a) Mn3-Ni2P, (b) Mn5-Ni2P and (c) Mn7-Ni2P.

Figure S2. (a) SEM, (b) XRD and (c) EDS result of pure Ni2P. 

Figure S3. LSV curves of Mnx-Ni2P and pure Ni2P for (a) HER and (b) OER.



Figure S4. (a) Electron image of A-NiOx-20/Mn5-Ni2P and corresponding elemental 

mapping images of (b) O, (c) Mn, (d) P, and (e) Ni.

Figure S5. SEM images of (a) A-NiOx-10/Mn5-Ni2P and (b) A-NiOx-30/Mn5-Ni2P.
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Figure S6. Controlled-current electrolysis of A-NiOx-20/Mn5-Ni2P at 10, 50 and 100 mA 

cm-2 for HER.



Table S1. Comparison of the HER activity for several recently reported catalysts in 1 M 

KOH.

Catalyst
Mass loading 

(mg cm-2)

η10

(mV)

Tafel

(mV dec-1)
Reference

A-NiOx-20/Mn5-Ni2P 3.6 55 37 This work

Ni8P3nanoflacs/NF 10.58 130 58.5 1

NixP nanosheets/CC 25.8 117 85.4 2

Am FePO4/NF 0.285 123 104.49 3

Fe- and O-doping CoP 

nanowires/NF
2.187 88 38.1 4

CoP mesoporous 

nanorod /NF
6.2 54 51 5

CoNiP film / 82 43 6

hierarchically structured 

NiCoP
4.75 30 41 7

CoP@Ni5P4@CoP/NF / 71 58 8

CoP@Amorphous- CoOx 

/CC
3 132 89 9

CoP nanocrystal/Ti 0.18 170 66 10

FeP2 nanowires/SS 45 189 67 11

NiS@Ni2P2S6/NF 1 140 72 12

P-Co3O4/Ti 0.4 120 52 13
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Figure S7. Calculated exchange current density of A-NiOx-20/Mn5-Ni2P, Mn5-Ni2P and 

A-NiOx by using extrapolation methods.
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Figure S8. Mass activity of A-NiOx-20/Mn5-Ni2P, Mn5-Ni2P and A-NiOx for HER.

Figure S9. (a) CV curves of A-NiOx-20/Mn5-Ni2P, Mn5-Ni2P and A-NiOx in 1 M PBS 

(pH=7) with a scan rate of 50mV/s. (b) Calculated TOF values of A-NiOx-20/Mn5-Ni2P, 

Mn5-Ni2P and A-NiOx for HER.



Figure S10. HER cyclic voltammograms for (a) A-NiOx-20/Mn5-Ni2P, (b) Mn5-Ni2P and 

(c) A-NiOx in the non-Faradaic capacitance current range from 0.1 to 0.2 V vs. RHE at 

scan rates of 10 (black curve), 20 (red curve), 40 (blue curve), 60 (magenta curve), 80 

(olive curve), and 100 (navy curve) mV s-1. (d) Scan rate dependence of the current 

densities of A-NiOx-20/Mn5-Ni2P, Mn5-Ni2P and A-NiOx at 0.15 V vs. RHE.

Figure S11. (a) SEM and (b) HRTEM image of A-NiOx-20/Mn5-Ni2P after HER stability 

test for 20 h in 1 M KOH.



Figure S12. The high resolution XPS spectra of A-NiOx-20/Mn5-Ni2P after HER stability 

test for 20 h. (a) Mn 2p, (b) Ni 2p, (c) P 2p and (d) O 1s.
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Figure S13. XRD pattern of A-NiOx-20/Mn5-Ni2P after HER stability test for 20 h in 1 M 

KOH.
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Figure S14. Controlled-current electrolysis of A-NiOx-20/Mn5-Ni2P at 10, 50 and 100 

mA cm-2 for OER.

Table S2. Comparison of the OER activity for several recently reported catalysts in 1 

M KOH.

Catalyst Mass loading 

(mg cm-2)

η10

(mV)

Tafel

(mV dec-1)

Reference

A-NiOx-20/Mn5-Ni2P 3.6 255 55 This work

IrO2 2.2 352 82 4

Fe- and O-doping CoP 

nanowires/NF

2.2 275 52 4

CoP nanosheet 

arrays/CC

2.6 300 85 14

CoNiFeP nanocubes 0.283 273 35 15

Fe-CoS2/NF / 302 128 16

Ni2P/(NiFe)2P(O)/NF / 150 60 17

P-Co-Fe-B 0.46 225 40 18

Ni2P nanoparticles 0.14 290 47 19



Figure S15. (a) SEM and (b) HRTEM image of A-NiOx-20/Mn5-Ni2P after OER stability 

test for 20 h in 1 M KOH.

Figure S16. The high resolution XPS spectra of A-NiOx-20/Mn5-Ni2P after OER stability 

test for 20 h. (a) Mn 2p, (b) Ni 2p, (c) P 2p and (d) O 1s.

Figure S17. (a) XRD pattern and (b) EDS spectrum of A-NiOx-20/Mn5-Ni2P after OER 

stability test for 20 h in 1 M KOH. 
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Figure S18. Experimentally measured and theoretically calculated amounts of H2 and 

O2 versus time for A-NiOx-20/Mn5-Ni2P at a fixed current density of 10 mA cm-2.
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