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Figures

Fig. S1 Heating curve of Traditional heating method.
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Fig. S2 The corresponding elemental mapping images for NiMoO4.
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Fig. S3 EDS analysis of the as-synthesized NiMoO4.
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Fig. S4 The XRD patterns of (a) NiMoO4, (b) MoNi4/MoOx and (c) MoNi4/MoOx-T.
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Fig. S5 EDS analysis of the as-synthesized MoNi4/MoOx.
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Fig. S6 TEM of the as-synthesized MoNi4/MoOx.
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Fig. S7 The corresponding lattice fringe distance images of MoNi4/MoOx.
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Fig. S8 (a) SEM image of the surface of MoNi4/MoOx-T and (c) MoNi4/MoOx, Particle 

size distribution of MoNi4 for (b) MoNi4/MoOx-T and (d) MoNi4/MoOx.
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Fig. S9 N2 adsorption-desorption isotherms of MoNi4/MoOx and MoNi4/MoOx-T 

catalysts, the inset image exhibited the pore size distribution curve of the 

MoNi4/MoOx.
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Fig. S10 The corresponding elemental mapping images for MoNi4/MoOx-T.
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Fig. S11 XPS survey spectrum of NiMoO4: (a) XPS survey spectra; (b) Mo 3d; (c) Ni 

2p and (d) O 1s.
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Fig. S12 The composition of the (a) seawater and (b) salts.
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Fig. S13 LSV curves of the MoNi4/MoOx.
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Fig. S14 XPS survey spectrum of MoNi4/MoOx-30s, MoNi4/MoOx and MoNi4/MoOx-

90s: (a) Mo 3d; (b) Ni 2p; (c) O 1s.
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Fig. S15 LSV curves of the MoNi4/MoOx, MoNi4/MoOx-30s, MoNi4/MoOx-90s.
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Fig. S16 The fitted circuit diagram
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Fig. S17 CV curves within a non-faradaic region at different scan rates toward for (a) 

Ni@NF, (b) Mo@NF, (c) MoNi4/MoOx-T and (d) MoNi4/MoOx in alkaline seawater 

electrolyte.
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Fig. S18 (a) ESCA-normalized LSV curves of MoNi4/MoOx, (b) Comparison of the 

ESCA-normalized specific activities at current density of -0.3 mA·cm-2 for 

MoNi4/MoOx and other state-of-the-art electrocatalysts.
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Fig. S19 CV curves of the (a) MoNi4/MoOx, (b) MoNi4/MoOx-T, (c) Mo@NF and (d) 

Ni@NF in the alkaline seawater (pH 14) recorded at scan rate of 50mV s-1. (e) 

Comparison of the TOFs of MoNi4/MoOx, MoNi4/MoOx-T, Mo@NF and Ni@NF.
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Fig. S20 The XRD patterns of MoNi4/MoOx after 1h electrolysis at 1 A cm-2.
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Fig. S21Standard curve for hypochlorite species.
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Fig. S22 Photographs of H2 and O2 collected at different time points in alkaline 

seawater electrolyte.
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Fig. S23 LSV curves of the (a) Ni foam // Ni foam and (b) MoNi4/MoOx // Ni foam 

under different flow rates.
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Fig. S24 (a) A photo of the five stacks of commercial hydrogen generator with DC 

motor. (b) Top view of the five stacks of commercial hydrogen generator. (c) Top 

view and (d) side view of the five stacks of commercial hydrogen generator without 

wire.
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Fig. S25 Current density–potential curve of the alkaline seawater electrolyzer and 

tandem solar cells under simulated AM 1.5-G 100 mW·cm−2 illumination.
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Fig. S26 Current density–potential curve of the alkaline seawater electrolyzer and 

silicon solar cells under simulated AM 1.5-G 100 mW·cm−2 illumination.
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Tables

Table S1 Comparison of the ESCA-normalized specific activities at current density of 

-0.3 mA·cm-2 for MoNi4/MoOx and other state-of-the-art electrocatalysts.

Samples Overpotential (mV) Ref

MoNi4/MoOx 152 -

NiFe/Fe-MoO2 ~110 @ -0.15 mA·cm-2 [1]

Ni2P-Fe2P/NF ~250 [2]

Co10%-VS2 ~600 [3]

MoS2/Ni3S2 

NW-NF
~150 @ -0.2 mA·cm-2 [4]

N-NiMoS ~280 [5]

PBA/NF-1h ~170 [6]

CoNiP/CoxP ~130 @ -0.05 mA·cm-2 [7]
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Table S2 HER parameters of as-prepared samples.

Samples Number of active sites (×1021 m-

2)

TOF (s-1) at 100 mV

MoNi4/MoOx 332.3 34.86

MoNi4/MoOx-T 558.7 7.64

Mo@NF 351.6 4.70

Ni@NF 9.6 20.88
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Table S3 Absorbance and corresponding content of hypochlorite.

Used cathode Absorbance Content (mg/L)

Without electrolysis 0.084 0.78447

MoNi4/MoOx 0.085 0.79415

NF 0.202 1.92699
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Table S4 Power consumption per unit of hydrogen production (kW·h/m3) in different 

voltages among 20℃. 

Samples 2.01 V 2.21 V 2.37 V 2.51 V

Ni foam // Ni foam 8.60 8.24 7.78 8.89

MoNi4/MoOx // Ni 

foam

6.73 5.92 5.24 5.56
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Table S5 Power consumption per unit of hydrogen production (kW·h/m3) in different 

voltages among 20℃.

Samples 2.75 V 3.00 V 3.25 V 3.50 V 3.75 V 4.00 V

Ni foam // Ni foam 6.35 6.84 7.37 8.02 8.26 8.99

MoNi4/MoOx // Ni foam 6.18 6.51 7.01 7.42 7.90 8.37
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Equation

Calculation of Power consumption per unit of hydrogen production:

        Equation S1
𝑊𝐻2

=
𝐼𝑈𝑇

𝑄𝐻2
∗ 103

Where  is the hydrogen production electricity consumption,  and  are the 
𝑊𝐻2 𝐼 𝑈

current and voltage in the electrolyzer, the  is time and the  is the amount 𝑇 𝑄𝐻2

of the hydrogen production.
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