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Fig.S1 SEM images of NF.
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Fig.S2 SEM of Co8-NiP2.
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Fig.S3 EDS mapping of Co8-NiP2.
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Fig.S4 SEM images of NiP2.
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Fig.S5 SEM images of Co2-NiP2.
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Fig.S6 Calculation of lattice spacing of Co8-NiP2.
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Fig.S7 Calculation of lattice spacing of NiP2.
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Fig.S8 HRTEM image and SAED patterns  of Co2-NiP2.
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Fig.S9 XPS spectra of NiP2 and Co8-NiP2
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Fig.S10 (a) XPS spectra of NF. High resolution of (b) Ni 2p, (c) P 2p, (d) Co 2p.
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Fig.S11 Overpotential comparison of (a) HER and (b) OER in 1 M KOH.
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Fig.S12 Nyquist plot of (a)HER and (b) OER.
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Fig.S13 CV curves at the scan rate of 20, 40, 60, 80, 100 mV s-1 of HER process.
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Fig.S14 Cdl values of (a) HER catalysts and (b) OER catalysts.
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Fig.S15 The normalized polarization curves of ECSA of (a) HER and (b) OER.
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Fig.S16 CV curves at the scan rate of 20, 40, 60, 80, 100 mV s-1 of OER process.
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Fig.S17 Polarization curve of (a) HER and (b) OER before and after 10000 cycles. 
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Fig.S18 Overpotential comparison of (a) HER and (b) OER in alkaline seawater.
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Fig.S19 Overpotential comparison of (a) Pt plate, (b) NF, (c) NiP2, (d) Co16-NiP2, (e) 

Co12-NiP2, (f) Co8-NiP2, (g) Co4-NiP2, (h)Co2-NiP2 in 1 M KOH and alkaline 

seawater for HER. 
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Fig.S20 CV curves at the scan rate of 20, 40, 60, 80, 100 mV s-1 of Co8-NiP2 for HER 

in (a) 0.6 M, (b) 1 M, (c) 2 M, (d) 3 M, (e) saturated simulated seawater. (f) Faraday 

efficiency.
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Fig.S21 Nyquist plot of (a)HER and (b) OER at simulated seawater of different 

concentrations.
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Fig.S22 Overpotential comparison of (a) RuO2, (b) NF, (c) NiP2, (d) Co16-NiP2, (e) 

Co12-NiP2, (f) Co8-NiP2, (g) Co4-NiP2, (h) Co2-NiP2 in 1 M KOH and alkaline 

seawater for OER. 
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Fig.S23 CV curves at the scan rate of 20,40,60,80,100 mV s-1 of Co8-NiP2 for OER in 

(a) 0.6M, (b) 1M, (c) 2M, (d) 3M, (e) saturated simulated seawater. (f) Faraday 

efficiency.
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Fig.S24 Multi-step CP tests of Co8-NiP2 for HER in (a) 0.6 M, (b) 1 M, (c) 2 M, (d) 3 

M, (e) saturated simulated seawater.
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Fig.S25 Multi-step CP tests of Co8-NiP2 for OER in (a) 0.6 M, (b) 1 M, (c) 2 M, (d) 3 

M, (e) saturated simulated seawater.
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Fig.S26 SEM image and EDS element mapping of Co8-NiP2 after long-term HER in 

seawater.
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Fig.S27 SEM image and EDS element mapping of Co8-NiP2 after long-term OER in 

seawater.
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Fig. S28 (a) Ni 2p, (b) P 2p, (c) Co 2p, (c) Cl 2p, (e) Mg 1s and (h) Ca 2p spectrum of 

Co8-NiP2 after long-term HER in seawater.
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Fig. S29 (a) Ni 2p, (b) P 2p, (c) Co 2p, (c) O 1s and (h) Cl 2p spectrum of Co8-NiP2 

after long-term OER in seawater.
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Fig. S30 XRD spectra of Co8-NiP2 after long-term HER and OER in seawater.
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Fig. S31 (a, b) TEM images of Co8-NiP2 after long-term HER in seawater. (c, d) TEM 

images of Co8-NiP2 after long-term OER in seawater.
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Fig.S32 HER intermediate adsorption model.
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Fig.S33 OER intermediate adsorption model.
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Fig.S34 Cl* adsorption model.
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Fig.S35 Average Bader charge transfer quantity of Ni, Co, P (blue: Co→P, green: 

Ni→P).
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Fig.S36 DOS of (a) NiP2, (b) Col-NiP2, (c) Com-NiP2, (d) Coh-NiP2
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Table S1 The performance of TMP-based HER catalysts reported in recent literature.

Material electrolyte electrode
Current 

density

Overpotential 

(mV)

Tafel 

slope 

(mV 

dec−1)

Reference

10 89.7

100 155.2

500 252.0
This work 1 M KOH NF

1000 352.8

53.0

100 211

500 293V-NiP/NiP 1 M KOH NF

1000 334

103 S1

CoO-

Co3O4/rGO@NiP
1 M NaOH Mild steel 10 106.2 107.9 S2

Ag-AgP/Ni2P 1 M KOH NF 10 78 68.9

Ni2P 1.M KOH NF 10 159 99.8
S3

Ni2P@C 1.M KOH NF 10 132 56.29 S4

Cu-NiP2 248  108

Mn-NiP2

1.M KOH NF 10
233 108

S5

NPO/NiP 1.M KOH NF 10 76 213 S6

Ti 82 42

CC 94 49
NiPx 1 M KOH

stainless 

steel

10

97 56

S7

50 234
Por-NiP-Cr 1 M KOH BDD

100 252
66.72 S8
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10 139
Ni2P/Ni5P4 1 M KOH CC

100 170
62 S9

Ce0.10-NiCoP 1 M KOH NF 10 96 94.75 S10

Ni2P/Co2P 1 M KOH NF 10 66 48 S11

10 116
Ce-NiP 1 M KOH NF

100 235
305.9 S12

10 75
Fe-Ni2P@C 1 M KOH NF

1000 313
45 S13

10 50.6
Y-NiP 1 M KOH GP

500 160
55 S14

FeCoP/TiN 1 M KOH CP 500 129 44.9 S15

50 295
Co/NiCoP 1 M KOH -

300 361
92 S16

10 80

100 232

500 332
NiFeP@Ni2P/MoOx 1 M KOH -

1000 390

131.04 S17
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Table S2 The performance of TMP-based OER catalysts reported in recent literature

Material electrolyte electrode
Current 

density

Overpoten

tial (mV)

Tafel 

slope (mV 

dec−1)

Reference

10 207.2

100 287.0

300 359
This work 1 M KOH NF

500 413

67.7

Ni2P@C 1 M KOH NF 10 279 79 S4

Cu-NiP2 276 113

Mn-NiP2

1 M KOH NF 10
271 129

S5

NPO/NiP 1 M KOH NF 10 240 116 S6

Ce0.10-

NiCoP
1 M KOH NF 10 218 72.12 S10

Ni2P-R 1 M KOH NF 50  379 27.41 S18

MnCr-

NiCoP
1 M KOH NF 10 234.8 50.4 S19

Fe-Ni2P 1 M KOH NF 10 214 36.95 S20

10 276 96
Ce-NiP 1 M KOH NF

50 337 93.9
S12

10 189
Ni7Fe3-Pi 1 M KOH NF

100 286
46.37 S21

20 242Fe-

NixP/RG

O-M

1 M KOH

 

GCE

 100 275 
44.87 S22

Ni2P/Fe( 1 M KOH NF 10 240 57.25 S23
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O)OH-40

(Ni0.83Fe0.

17)2P
1 M KOH NF 10 215 31.84 S24

P-NiCo-

LDH
1 M KOH NF 10 290 55.05 S25

FTO 10 248 31
NiFe:SSP 1 M KOH

NF 10 195 31
S26

Co/NiCo

P
1 M KOH - 300 430 64 S16

P-CoFe 

LDH
1 M KOH NF 300 347 48.8 S27

P-CoOX 

/NiFe 

LDH

1 M KOH NF 300 265 38.7 S28

100 291

500 367
Ni2P/FeP

Ox/RGO
1 M KOH GC

1000 421

53.8 S29

100 266

500 323
Fe-Ni2P-

S/C
1 M KOH GC

1000 357

52.9 S30

Ce0.1-

Fe2P/NiC

oP

1 M KOH NF 500 280 55.3 S31

NiCo₂S₄

@Fe₂P
1 M KOH - 500 322 44 S32
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Table S3 The performance of TMP-based catalysts in seawater electrolysis reported in 

recent literature.

Material electrolyte Reaction
Current 

density
Time (h) Reference

10
This work 1 M KOH + 

seawater 

seawater 

splitting 300
500 

V-Ni2P/Ni12P5
Simulated 

seawater
HER 100 10 S1

Ni3S2/NiPx
1 M KOH + 

0.5 M NaCl

seawater 

splitting
100 200 S33

NiFeP/NiP
Alkaline 

seawater

seawater 

splitting
10 500 S34

CoP/Co2P
1 M KOH + 

0.5 M NaCl
HER 10 25 S35

Ru-Co2P
Alkaline 

seawater
HER 50 30 S36

CNFMPO
1 M KOH + 

0.5 M NaCl

seawater 

splitting
50  15 S37

Ru/C/NiCoP/NF
1 M KOH+0.5 

M NaCl

seawater 

splitting
 100  150 S38

Co2P-R
1 0 M KOH + 

seawater

seawater 

splitting
100 200 S39

Mn-FePV
Alkaline 

seawater
OER 100 100 S40

Ni2P/Co(PO3)2

Alkaline 

seawater
HER 600 60 S41
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