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Fig. S1. Electrochemical active surface area of Ga-CoPt determined by cyclic voltammetry 

(CV) measurements at a scan rate of 20, 40, 60, 80, 100 and 120 mV/s in the non-faradaic 

potential range. (a to e) CV curves of Ga-CoPt at (a) 20 oC (Solid), (b) 30 oC (Liquid), (c) 40 oC 

(Liquid), (d) 50 oC (Liquid) and (e) 60 oC (Liquid). 



Fig. S2. (a) LSV curves of Ga-CoPt at 50 oC in natural seawater and 1.5 times, 2 times, 2.5 times 

of Cl- concentration. (b) The corresponding Tafel plots derived from the LSV curves.



Fig. S3. (a) LSV curves of liquid Ga-CoPt in natural seawater, 0.5 M H2SO4, 1 M PBS and 1 M 

KOH electrolytes at 50 oC. (b) The corresponding Tafel plots derived from the LSV curves.



Fig. S4. Bubble contact angles of (a) liquid Ga-CoPt (164.3 ± 2.3o) and (b) Pt/C (140.0 ± 2.2o) 

under seawater.

Fig. S5. Seawater contact angles of (a) liquid Ga-CoPt (23.6 ± 1.8o) and (b) Pt/C (129.7 ± 1.9o).



Fig. S6. XRD patterns of (a) liquid Ga and Ga-CoPt and (b) solid Ga and Ga-CoPt.



Fig. S7. SEM images and EDS mapping of solid and liquid Ga-CoPt. SEM images of (a) solid 

and (c) liquid Ga–CoPt. EDS mapping of (b) solid and (d) liquid Ga-CoPt. The scale bar in (a-d) 

is 1 μm.



Fig. S8. Characterizations of the liquid Ga-CoPt after the stability test. (a) HAADF image of 

liquid Ga-CoPt. (b) HRTEM image of liquid Ga-CoPt. (c to f) STEM images for the spatial 

distribution of Ga, Co, Pt, O elements in liquid Ga-CoPt.



Fig. S9. R-space of Co K-edge EXAFS spectra of solid and liquid Ga-CoPt. 



Fig. S10. Ab initio molecular dynamic simulation of Ga-CoPt, Ga-Co and Ga-Pt at 323.15 K. 

Representative snapshots of atomic configurations at (a) bulk of Ga-Co, (b) interface of Ga-Co, (c) 

bulk of Ga-Pt and (d) interface of Ga-Pt. Stability of (e) Ga-CoPt, (f) Ga-Co, (g) Ga-Pt models at 

323.15K.



Fig. S11. Ab initio molecular dynamics simulation of Co and Pt atoms in solid Ga at 293.15 

K. After 20000 fs the system is stabilized and the Co and Pt atoms are still encapsulated in Ga.



Table S1. The comparison of electrocatalytic performance with previous reported work for direct seawater reduction. 

Catalyst
η10

(mV)

η10 of 20% 

Pt/C (mV)

Tafel slope

(mV dec-1)

Durability

(h)

Maximum stabilized 

current density (mA cm-2)
Ref.

Ga-CoPt at 50 oC 249 145

Ga-CoPt at 60 oC 208
341

175
169 -100 This work

Ni2.4Co1.6N/NC 256 ~230 94.1 2 -200 1

Ti@Ni(OH)2-NiMoS 371 ~370 162 12 -10 2

La0.17Mo0.83P/PC/MXene 158 263 - 400 -100 3

P-doped NiSe 296 - 180 100 -100 4

Ni/V2O3-4 221 - - - - 5

C–MoCSx@MoS2 312 ~300 128 - - 6

NiMo@C3N5 486 264 - 10 -10 7

Co-FePO/OH ~250 ~180 - 10 -10 8

NF@Mo-Ni0.85Se ~370 ~330 183.7 12 -10 9

N-Co-S/G ~450 ~280 341.2 15 -20 10

CoNiP/CoxP 290 - - 500 -10 11

Fe-Co2P 489 275 - 100/48 -40/-200 12



NiCoN|NixP|NiCoN 165 90 139.2 24 10 13

Ptat-CoP MNSs ~300 ~330 - 24 Potential=-0.5 (V vs RHE) 14

2.4% Pt@mh-3D MXene 280 308 - 250 -10 15

VS2@V2C η20=444 η20=428 160 200 -150 16

NiRuIr-G ~200 - - - - 17

Mn–Ni–S/NF-3 301 ~220 - 20 -15 18

Co0.31Mo1.69C/MXene/NC 312 ~300 - 225 -40 19

NP-MoS2/CC 345.4 ~290 - 8 -10 20

NiCoP/NF 287 ~290 - - - 21

0.5Rh-GS1000 320 303 - 10 -10 22

NPNNS 144 121 108 10 -100 23

MoS2QD-aerogel-100 ~350 ~200 - - - 24



Table S2. The mass of the electrodes before and after the HER stability tests.

Mass of electrode (g)

Before 0.1245

After 0.1174

Leakage ratio 5.7 %
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