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S1. Synthesis of comparsion samples

S1.1 Synthesis of Co,P nanobricks array on NF

To synthesize Co,P, Co-BDC/NF and NaH,PO, (1 g) were placed on opposite sides of
a porcelain boat. The subsequent reaction process followed the same steps as that of

Co,P/CoMoP; (referred to as Co,P).

S1.2 Synthesis of CoMoP, nanosheets array on NF

Firstly, for the synthesis of CoMoO, nanosheets, 1.8 mmol of Co(NO);-6H,0 and 1.8
mmol of Na,MoO,-2H,0 were dissolved in 30 ml of water to create a transparent
solution. The subsequent reaction process followed the same steps as that of Co-
BDC/NF, denoted as CoMoO4/NF. Subsequently, the resulting CoMoO,4/NF and 1 g of
NaH,PO, were positioned on opposite sides of a porcelain boat. The subsequent

reaction process mirrored that of Co,P/CoMoP,, denoted as CoMoP;.

S1.3 Synthesis electrode of Pt/C and RuO, on NF

To synthesize the Pt/C electrode on NF, a solution was formed by dissolving 5 mg of
commercial Pt/C (20 wt%) and 40 pL of Nafion solution in 1 ml of ethanol, followed
by 30 minutes of sonication to achieve a uniform ink. This ink was then applied to a
clean NF, covering an area of 1 cm? with approximately 5 mg of the electrode material.

The electrode was left to dry at room temperature overnight, resulting in the formation



of NF-supported Pt/C. The synthesis of the RuO, electrode followed the same

procedure as that of the Pt/C electrode, with a loading of 5 mg cm™.
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Figure S1. The optical photographs of samples.
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Figure S2. The XRD pattern of Co,P /NF.
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Figure S3. The XRD pattern of CoMoP, /NF.
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Figure S4. SEM image of Ni foam.
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Figure S5. (a) SEM image and (b) high-resolution SEM image of Co-BDC/NF.
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Figure S6. High-resolution SEM image of Mo-Co-NBs/NF.
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Figure S7. High-resolution SEM image of Co,P/CoMoP,.
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Figure S8. High-resolution SEM image of Co,P /NF.
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Figure §9. High-resolution SEM image of CoMoP, /NF.
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Figure S10. Interplanar spacing of Co,P (121) and CoMoP, (102), respectively.
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Figure S11. High-angle annular dark-field(HAADF)-TEM image of Co,P / CoMoP,.
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Figure S12. SEM images of Co,P/CoMoP; after durability HER test in (a) alkaline

and (b) alkaline seawater solution.
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Figure S13. Nyquist plots of various catalysts at 10 mA cm™2.
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Figure S14. Cyclic voltammograms (CV) curves of (a) Co,P, (b) CoMoP,, (c)
Co,P/CoMoP>-0.1, (d) Co,P/CoMoP,-0.3, (e¢) Co,P/CoMoP,-0.5 and (f) Co,P/

CoMoP>-0.7.
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Figure S15. The Cy values of various catalysts.
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Figure S16. The ESCA-normalized of HER test (a) polarization curves and (b)

corresponding Tafel plots of Co,P/CoMoP,, Co,P and CoMoP; in 1 M KOH solution.
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Figure S17. The ESCA-normalized of HER test (a) polarization curves and (b)
corresponding Tafel plots of Co,P/CoMoP,, Co,P and CoMoP;in I M KOH seawater

solution.

20



(b)

Mag=s 000w & Sgral A= 303 BT = 400wy WO= 47 o

Figure S18. SEM images of Co,P/CoMoP; after durability OER test in (a) alkaline

and (b) alkaline seawater solution.
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Figure S19. The schematic of calculation models of (a) Co,P, (b) CoMoP; and (c)
Co,P/ CoMoP,, respectively. (P atoms: pink balls, Co atoms. blue balls and Mo

atoms: green balls).
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Figure S20. The top views of schematic models of water dissociation on CoP, (a) and
CoMoP; (b) surface. The white, red, pink, blue and green balls represent the H, O, P,

Co and Mo atoms, respectively.

23



Co-O
CoP, -0.4642 eV
CoMoP, -0.2678 eV
.
>
2
=
- =5
-5
=
=
-10

06 ‘04 w03 60 02 04 0s
-COHP

Figure S21. The bonding strength of Co-O after H,O activation on the surface of

Co,P and CoMoP,, respectively.
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Figure §22. Work function of (a) Co,P and (b) CoMoP,, respectively.
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Table S1. HER performances of Co,P/CoMoP, and other reported electrocatalysts in

alkaline media. (1 M KOH)

10 Tafel slope
Catalyst Substrate Ref.
(=10 mA cm?) (mV dec)
Co,P/CoMoP, NF 36 57.74 This work
Co,P/BNP-CNTs GCE 133 90 [1]
CuO@Co,P CF 150 56.66 [2]
N—Co0,P/NiCo0,04 NF 58 75 [3]
CoxP/Cu-CoySg NF 118 66.75 [4]
CoP3/CoMoP NF 110 64.1 [5]
106@100 mA
Co-Mo-Ni-P CF 62.57 [6]
cm?
Co(Il)Mo(IV)P NF 39 73.3 [7]
MoS,/CoMoP, NA 75 NA (8]
La-CoMoP GCE 49 88.9 [9]
CoMo/CoMoP NF 61 46.4 [10]
N—-Co,P CcC 34 51 [11]
Co,P/CoWO, NF 81 47 [12]
Co,P@3D-rGO NF 36.5 55.5 [13]
Co,P @ C GCE 157 93.8 [14]

NF: Ni foam; GCE: glassy carbon rotating electrode; CF: Cu foam; CC: Carbon Cloth;

SS: Stainless Steel.
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Table S2. HER performances of Co,P/CoMoP, and other reported electrocatalysts in

alkaline seawater media. (1 M KOH seawater)

10 Tafel slope
Catalyst Substrate Ref.
(=10 mA cm?) (mV dec)
Co,P/CoMoP, NF 43 58 This work
Ni-WO, NF 45.69 46 [15]
CoPy NF 117 71.1 [16]
Ni-SA/NC - 139 123 [17]
CUO_98L30_020 SS 170 181 [1 8]
Fe,P-NiSe, 182 48.9 [19]
2Dmeso-
- 197 67.6 [20]

Mo,C/Mo,N
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Table S3. R; and R, of all the as-obtained catalysts.

Samples R, (€2) R (€2)
Co,P 1.94 1.48
CoMoP, 2.00 1.72
Co,P/CoMoP,-0.1 1.71 1.31
Co,P/CoMoP,-0.3 1.56 1.37
Co,P/CoMoP,-0.5 1.70 1.41

Co,P/CoMoP,-0.7 1.54 1.74
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Table S4. ECSA surface area of all the as-obtained catalysts.

Samples Ca (mF) ECSA (m?)
Co,P 36.29 0.0907
CoMoP, 39.22 0.0980
Co,P/CoMoP,-0.1 70.01 0.1750
Co,P/CoMoP,-0.3 74.56 0.1864
Co,P/CoMoP,-0.5 67.12 0.1678

Co,P/CoMoP,-0.7 61.37 0.1534
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Table S5. OER performances of Co,P/CoMoP, and other reported electrocatalysts in 1

M KOH and 1 M KOH seawater solution.

10 Tafel slope
Catalyst Electrolyte Ref.
(=10 mA cm?) (mV dec)
1 M KOH 254 61.24
Co,P/CoMoP, 1 M KOH This work
268 81.00
seawater
Co-Ru@RuO,/NCN 1 M KOH 270 67 [21]
Zn%1-CoP 1 M KOH 290 56 [22]
FeCoP 1 M KOH 340 60.7 [23]
MoS,/CoFe@NC 1 M KOH 337 84.6 [24]
368@100 mA
Co-Ni;S,/NF 1 M KOH 50 [25]
cm2
1 M KOH 258 63.5
0.5Fe-NiCo,O4@CC 1 M KOH [26]
273 76.1
seawater
1 M KOH 334@
Cr-CoxP - [27]
seawater 100 mA cm™
1 M KOH
Co—CoO@C 374 70.07 [28]

seawater
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Table S6. Comparison of catalytic performance for alkaline water/seawater

electrolysis
Cell Cell
Cathode Anode Electrolyte voltage(V) at  voltage(V) at  Ref.
10 mA cm? 50 mA cm?
This
1 M KOH 1.59 1.68
work
C02P/COMOP2 C02P/COMOP2 .
1 M KOH This
1.61 1.72
seawater work
CoP CoP
1 M KOH 1.65 NA [29]
Nanoframes Nanoframes
CoFeZr oxides CoFeZr oxides 1 M KOH 1.63 NA [30]
Co/B- Co/B-
1 M KOH 1.64 NA [31]
Mo,C@NCNTs Mo,C@NCNTs
CoP-PBSCF CoP-PBSCF 1 M KOH 1.69 NA [32]
Co,Mo0;0s/Mo00, Co,M0;04/Mo00, 1 M KOH NA 1.69 [33]
MoNiy/MoO, MoNiy/MoO, 1 M KOH NA 1.67 [34]
La-CoMoP La-CoMoP 1 M KOH 1.56 NA [9]
CoMo/CoMoP CoMo/CoMoP 1 M KOH 1.54 NA [10]
NiSe,@Fe— NiSe,@Fe—
) @ , @ 1 M KOH 1.64 NA [35]
NiCo LDH NiCo LDH
1 M KOH 1.59 NA
CO3S4/CO304 COgS4/CO304 1 M KOH [36]
1.67 NA
seawater
1.81 NA [37]
CoN CoN seawater
. i 1 M KOH
Co,P/NiWO, Co,P/NiWO, 1.59 NA [38]

seawater
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