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Figure S1. XRD patterns and SEM images of Cu foam (a, c) and Cu(OH)2 nanowires 

integrated on Cu foam (b, d), respectively.



Figure S2. XRD patterns of ZIF-67 (a) and Mo-ZIF-67 (b). SEM images of ZIF-67 on 

Cu(OH)2 nanowires/Cu foam (c, e) and Mo-ZIF-67 on Cu(OH)2 nanowires/Cu foam (d, 

f), respectively.



Figure S3. XRD patterns of Mo-ZIF-67 annealed at 500 ℃, 550 ℃, and 600 ℃, 

respectively.



Figure S4. ICP-OES results of the prepared Co/Mo-N-C electrodes (a). SEM images of 

Co/Mo-N-C electrodes with different Co/Mo molar ratio (b, c).



Figure S5. SEM images (a, b), TEM image (c) and HRTEM image (d) of Co/Mo-N-

C/Cu electrode annealed at 500 °C. 



Figure S6. High-resolution Co 2p (a), Mo 3d (b), C 1s (c), and N 1s (d) XPS spectra of 

Co/Mo-N-C/Cu electrode annealed at 500 °C.



Figure S7. SEM images (a, b), TEM image (c) and HRTEM image (d) of Co/Mo-N-

C/Cu electrode annealed at 600 °C. 



Figure S8. High-resolution Co 2p (a), Mo 3d (b), C 1s (c), and N 1s (d) XPS spectra of 

Co/Mo-N-C/Cu electrode annealed at 600 °C.



Figure S9. High-resolution XPS spectrum of C 1s (a) in the Co/Mo-N-C electrode, and 

N and C content (Atomic%) in the samples based on XPS (b). 



Figure S10. Current-potential curve of Pt plate as the working electrode in H2-saturated 

seawater with1 M KOH solution to calibrate the Hg/HgO electrode with respect to 

RHE, ERHE = EHg/HgO + 0.915 V.



Figure 11. Cyclic voltammograms in the potential windows ranging from 0.16 V to 

0.26 V for Cu foam (a), Cu(OH)2 nanowires/Cu foam (b), Pt/C/Cu foam (c) and Co/Mo-

N-C/Cu annealed at 550 °C (d) at various scan rates.



Figure 12. Cyclic voltammograms in the potential windows ranging from 0.16 V to 

0.26 V for Co/Mo-N-C/Cu annealed at 500 °C (a) and 600 °C (b) at various scan rates. 

The calculated double-layer capacitances (c).



Figure 13. Electrochemical surface areas (a) and specific activities (b) of Cu foam, 

Cu(OH)2 nanowires/Cu, and Co/Mo-N-C/Cu electrodes annealed at 500 °C, 550 °C and 

600 °C, respectively.

The electrochemical active surface area (ECSA) was estimated by electrochemical 

double layer capacitance (Cdl). In detail, by plotting the ∆j (ja-jc) at 0.226 V against the 

scan rates, the slope of the straight line obtained by fitting ∆j at different scan rates was 

used to evaluate the magnitude of the capacitance, which was positively correlated with 

ECSA. This can be expressed by the following equation:

𝐸𝐶𝑆𝐴 =
𝐶𝑑𝑙

40 µ𝐹 𝑐𝑚 ‒ 2 
∗ 𝑆

The specific capacitance for a flat surface we used is an average of 40 µF cm-2.



Figure 14. Polarization curves before and after HER stability test (a) and SEM image 

of Co/Mo-N-C/Cu electrode after the HER stability test (b).



Figure 15. High-resolution Co 2p (a), Mo 3d (b), C 1s (c) and N 1s (d) XPS spectra of 

Co/Mo-N-C/Cu electrode after the HER stability test.



Figure 16. Typical HER (a) and OER (b) polarization curves of ZIF-67/Cu, Mo-ZIF-

67/Cu and Co/Mo-N-C/Cu electrode annealed at 500 °C, 550 °C, and 600 °C, 

respectively.



Figure 17. Typical HER (a) and OER (b) polarization curves of Co/Mo-N-C/Cu 

electrode with different Co/Mo atom ratio.



Figure 18. Atomic structure (a) and surface configurations of H2O (b) and H (c) 

adsorption on Co2N (002). Atomic structure (d) and surface configurations of H2O (e) 

and H (f) adsorption on MoN (200). 



Figure 19. Polarization curves before and after OER stability test (a) and SEM image 

of Co/Mo-N-C/Cu electrode after the OER stability test (b).



Figure 20. High-resolution Co 2p (a), Mo 3d (b), C 1s (c) and N 1s (d) XPS spectra of 

Co/Mo-N-C/Cu electrode after the OER stability test.



Figure 21. SEM images of Co/Mo-N-C/Cu cathode (a) and Co/Mo-N-C/Cu anode (b) 

after the stability measurement of overall water splitting.



Table S1. Comparisons of the overall seawater splitting performance of Co/Mo-N-

C/Cu||Co/Mo-N-C/Cu with representative electrocatalysts reported previously.

Electrocatalysts Electrolyte η (V) at
100 mA cm-2 Reference

Co/Mo-N-C/Cu||Co/Mo-N-C/Cu Seawater + 1 M KOH 1.70 This work

Cr-CoxP||Cr-CoxP Seawater + 1 M KOH 1.85 [1]

Ni2P-Fe2P/NF||Ni2P-Fe2P/NF Seawater + 1 M KOH 1.81 [2]

B-MnFe2O4||B-MnFe2O4 Seawater + 1 M KOH 1.8 [3]

FCNP@CQDs/CP||FCNP@CQDs/CP Seawater + 1 M KOH 1.78 [4]

Pt2/Ni(OH)2/NF||Pt2/Ni(OH)2/NF Seawater + 1 M KOH 1.9 [5]

Co3Mo/Cu||Co3Mo/Cu 1 M KOH + 0.5 M NaCl 1.62 [6]

Ni/γ-Fe2O3||Ni/γ-Fe2O3 1 M KOH 1.77 [7]

CoP-InNC||CoP-InNC 1 M KOH 1.86 [8]

FeNiS/Ni||FeNiS/Ni 1 M KOH 1.82 [9]

FeCoNi/CC||FeCoNi/CC 1 M KOH 2.0 [10]

Cu3N||Cu3N 1 M KOH 1.80 [11]

NiFe-LDH@NiCu||NiFe-LDH@NiCu 1 M KOH 1.84 [12]

CO3S4/MOF||CO3S4/MOF 1 M KOH 1.9 [13]

NiFeSe||NiFeSe 1 M KOH 1.86 [14]

CoMoNiS||CoMoNiS 1 M KOH 2.09 [15]

Ir/MoS2||Ir/MoS2 1 M KOH 1.78 [16]

PSCoO/Cu@CuS||PSCoO/Cu@CuS 1 M KOH 2.0 [17]

O-CoP||O-CoP 1 M KOH 1.79 [18]

NiCo2S4||NiCo2S4 1 M KOH 1.95 [19]

CoNC||CoNC 1 M KOH 1.86 [20]

NiFe@Ni||NiFe@Ni 1 M KOH 1.83 [21]

FeCo/Co2P@C||FeCo/Co2P@C 1 M KOH 1.98 [22]

CoFeZr oxides||CoFeZr oxides 1 M KOH 1.78 [23]

Ni-ZIF/NiB||Ni-ZIF/NiB 1 M KOH 1.77 [24]

CoNSC||CoNSC 1 M KOH 1.75 [25]

CoP/NC||CoP/NC 1 M KOH 1.9 [26]
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