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Experiment Section

Materials: Hydrochloric acid (HCI), ethylalcohol (C,HsOH), sodium chloride (NaCl),
potassium hydroxide (KOH), and sodium carbonate (Na,COs) were obtained from
Chengdu Kelong Chemical Reagent Factory. Nitrate hexahydrate (Ni(NOs),-6H,0),
and ammonium heptmolybdate ((NH4)sMo070,4:4H,0) were purchased from Aladdin
Industrial Co. Ltd. All the reagents were used as received without further purification.
Ni foam (NF) was obtained from Shenzhen Green and Creative Environmental
Science and Technology Co. Ltd. Deionized water (resistivity: 18.3 MQ-cm) used

throughout experiments was purified through a Millipore system.

Synthesis of NiMoOs#xH,O/NF: In a typical synthesis process, 0.35 g
(NH4)6Mo070,4-4H,0 and 0.37 g Ni(NO;),'6H,0 were mixed together with 30 mL of
deionized water and stirred for 20 minutes at room temperature to obtain a precursor
solution. Meanwhile, NF cut into 2 cm % 3 cm were sonicated in 3 M HCI, C,HsOH,
and deionized water, respectively for 10 min before being put into a Teflon lined
autoclave along with the abovementioned precursor solution. Then autoclave was
sealed and maintained at 150 °C for 6 h in an oven and then cooled down to room
temperature naturally. Then the sample was taken out and thoroughly washed with
deionized water and ethanol several times alternatively, then dried at 60 °C for 30 min
in air.

Synthesis of NiMoS,/NF: A piece of NiMoO,xH,O/NF (2 cm X 3 cm) was
immersed in 0.03 M Na,S-9H,O solution in a Teflon-lined autoclave for the
hydrothermal treatment (160 °C, 4 h). After the autoclave was cooled down naturally
to room temperature, the sample was moved out, washed with deionized water and

ethanol several times and dried at 60 °C for 30 min in air.

Synthesis of NiMoS,@NiFe-LDH/NF: NiFe-LDH was deposited on the NiMoS,/NF
surface by simple electrodeposition technique. Briefly, 2.0 g Fe(SO,4)-7H,O and 2.2 g
Ni(NOj3),-6H,0 were dissolved in 50 mL deionized water and a typical three-electrode

system was employed in the electrodeposition process, in which NiMoS,/NF, graphite
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rod and saturated calomel electrode were used as working electrode, counter electrode
and reference electrode, respectively. The solution was purged with nitrogen gas for
0.5 h before the experiment. The electrodeposition was carried out at a potential of —1

V for 60 s.

Synthesis of RuO; or Pt/C on NF: 5 mg RuO, (or 20% Pt/C) was added in a solution
containing 30 pL of Nafion, 485 pL of ethanol, and 485 pL of deionized water with
the aid of ultrasonication (30 min) to form a homogeneous ink (5 mg mL™"). 300 pL
of catalyst ink was dropped onto a piece of cleaned NF (0.5 cm x 0.5 cm) with a

loading mass of 1.5 mg.

Characterization: SEM (Zeiss Gemni SEM 300) and TEM (FEI TF200) were
adopted to characterize the morphology and structure of as-synthesized samples. The
X-ray diffraction (XRD) patterns were taken with a Rigaku SmartlabOKW diffraction
system with a Cu Ko source (1=1.54056 A). XPS (Thermo ESCALAB 250XI)
adopting Mg as the excitation source and EDX mapping were carried out to

investigate the chemical composition and element distribution of the samples.

Electrochemical measurements: Electrochemical measurements were performed
with a CHI 660E electrochemical analyzer (CH Instruments, Inc., Shanghai) using a
standard three electrode system using the materials supported on the substrate as
working electrodes directly, a Hg/HgO with 1.0 M KOH as the inner reference
electrolyte as the reference electrode, and a graphite rod as counter electrode. To
exclude the influence of the oxidation peak of Ni*" to Ni** on the catalytic current
density in order to obtain reliable overpotential calculations, we used linear sweep
voltammetry backward scans (from positive to negative direction) for the polarization
curves in OER. The potentials reported in this work were converted to RHE scale via
calibration with the following equation: £ (vs. RHE) = £ (vs. Hg/HgO) + 0.098 +
0.059 x pH. The seawater-splitting performance of the electrolyzers were tested in a
two-electrode system, where OER electrodes are as the anode and HER electrodes as
the cathode. Three different electrolytes, including 1 M KOH, 1 M KOH + 0.5 M

NaCl, and 1 M KOH + seawater, were used, and the pH was about 14. All the LSV
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curves were iR compensated. EIS was obtained at the open circuit potential from

10000 to 0.01 Hz at an amplitude of 5 mV.
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Fig. S1. Optical photograph of NF, NiMoO4xH,O/NF, NiMoS,/NF, and NiMoS@NiFe-LDH/NF.
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Fig. S2. XRD pattern of NiMoO4xH,O/NF.
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Fig. S3. Raman spectra of NiMoS,/NF and NiMoSy@NiFe-LDH/NF.
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Fig. S4. SEM image of NiMoO4xH,O/NF.
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Fig. S5. High-resolution XPS spectra for NiMoS,@NiFe-LDH/NF in the (a) Ni 2p, (b) Fe 2p, (c) O 1s, (d) Mo 3d,
and (e) S 2p regions.
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Fig. S6. Cyclic voltammetry curves for (a) NiFe-LDH/NF and (b) NiMoS,@NiFe-LDH/NF in the double layer
region at different scan rates of 60, 80, 100, 120, 140, and 160 mV s~! in 1 M KOH. (c¢) Capacitive current
densities of NiFe-LDH/NF and NiMoS,@NiFe-LDH/NF at 0.30 V vs. Hg/HgO as a function of the scan rate.
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Fig. S7. Overpotential comparison of NiMoSy@NiFe-LDH/NF for OER in 1 M KOH, 1 M KOH + 0.5 M NaCl,
and 1 M KOH + seawater.
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Fig. S8. SEM image of NiMoS;@NiFe-LDH/NF after durability test in 1 M KOH + seawater solution.

S11



Post-OER NiMoS, @NiFe-LDH/NF

i

Ni;S, (PDF No. 44-1418)
NiS (PDF No. 12-0041)

—L ‘ . I|| 1Ly | |||| | '.l-' e
10 20 30 40 50 60 70 80
2 Theta (degree)

ANY
A%

Intensity (a.u.)

Fig. S9. XRD pattern of NiMoS;@NiFe-LDH/NF after durability test in 1 M KOH + seawater solution.
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Fig. S10. High-resolution XPS spectra for NiMoS,@NiFe-LDH/NF in the (a) Ni 2p, (b) Fe 2p, (c) O 1s, (d) Mo 3d,
and (e) S 2p regions before and after durability test in I M KOH + seawater solution.

As shown in the high-resolution spectrum of O 1s (Fig. S10c), after durabilty test, the content of mental-OH is

significantly increased and the the sulfide surface was oxidized (Fig. S10e).
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Fig. S11. HRTEM image of NiMoS,@NiFe-LDH after durability test in 1 M KOH + seawater solution.

From the HRTEM image of NiMoS;@NiFe-LDH after durability test in 1 M KOH + seawater solution, we can
observe that the NiMoS,@NiFe-LDH consists of both crystalline and amorphous parts, generating rich crystalline-

amorphous boundaries, which may provide more catalytically active sites for OER.
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Fig. S12. Schematic of in-situ electrochemical Raman cell.

In-situ Raman spectra were acquired by confocal Raman spectroscopy (Horiba Jobin Yvon Co., France) under
controlled potential, and a 633 nm laser was used as the excitation source. The electrochemical cell was made of
quartz and stood in front of the objective. The NiMoSy@NiFe-LDH/NF or NiFe-LDH/NF served as the working
electrode and the laser shined through a quartz window onto the working electrode surface. Graphite rod and
Ag/AgCl electrode were used as the counter electrode and reference electrode, respectively. 0.1 M KOH +
seawater was used as the electrolyte. Each Raman spectrum was collected with an acquisition time of 10 s with 5-
10 sweeps from 200 to 1000 cm™! under current-time measurement at a constant potential using a confocal Raman

microscope coupled with an Olympus 50 x LDW objective.
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Fig. S13. Overpotential comparison of NiMoS,/NF, Pt/C/NF, NF, and NiMoO4xH,O/NF for HER in 1 M KOH.
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Fig. S14. Overpotential comparison of NiMoS,/NF at 100 mA cm with the addition of different concentration of

MoO,? in alkaline seawater.
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Fig. S15. Pourbaix diagram of Mo in water.!-3

The concentration of soluble species is 1.0 x 10-° mol kg~!. The red boxed area shows the more negative reduction

potential of MoO,>~ than hydrogen evolution.
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Fig. S16. SEM image of NiMoS,/NF after durability test in 1 M KOH + seawater solution.
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Fig. S17. XRD pattern of NiMoS,/NF after durability test in 1 M KOH + seawater solution.
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Fig. S18. High-resolution XPS spectra for NiMoS,/NF in the (a) Mo 3d and (b) Ni 2p regions before and after

HER test in 1 M KOH + seawater solution.
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Table S1. Comparison of OER performances for NiMoS,@NiFe-LDH/NF with recently reported

self-supported electrocatalysts in alkaline seawater.

%
Electrocatalyst Electrolyte gﬂ’% Testing time Ref.
NiMoS,@NiFe-LDH/NF | T MKOHFT 00 1 500 h@500 mA em? | This work
seawater
NiMoN@NiFeN/NF IMEKOH* 1 360 | 24 h@500 mA om 4
seawater
S-Ni/Fe(OOH)/NF IMEKOH* 1 396 | 100 h@100 mA cm 5
seawater
Fe,05/NiO/NF IMROH+ 1 503 | 50 h@100 mA em 6
seawater
CoP,@FcOOH/NF IMKOH* 1 335 | 0 h@500 mA om 2 7
seawater
BZ-NiFe-LDH/CC IMKOH* 1 616 | 100 h@500 mA cm 8
seawater
Ni,P-Fe,P/NF IMKOH* 1 305 | 36 h@500 mA cm 9
seawater
Fe-NiSOH/NF IMEKOH* 1 511 1 900 h@500 mA om 10
seawater
NiFe/NiS,-NF (Ni%) IMKOH* 1 355 | 15 h@400 mA om™ 1
seawater
NF/NiFe LDH IMROH+ 1 596 | 100 h@200 mA cm 2 12
seawater
NisS/Fe-NiP/NF IMEKOH* 1 330 | 30 h@200 mA om 13
seawater
AC-Fe(O)OH/NF IMEKOH* 1 346 | 100 h@200 mA om 14
seawater
Ag/NiFe LDH/NF IMEKOH* 179 | 1000 h@1000 mA cm 2 15
seawater
NiCoS/NF IMROH+ 1446 | 100 h@100 mA cm 2 16
seawater
HMIL-88@PPy-TANF | | MKOH® 1361100 h@100 mA em 2 17
seawater

s00™ represent the overpotentials required to attain j of 500 mA cm2.
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Table S2. Comparison of HER performances for NiMoS,/NF with recently reported self-

supported electrocatalysts in alkaline seawater.

N100* L
Electrocatalyst Electrolyte Testing time Ref.
y ye | o) g
NiMoS,/NF IMROH* 10 1 400 h@500 mA cm? | This work
seawater
NiMoN/NF IMKOH+ - 50 24 h@500 mA cm2 4
seawater
CoPy/NF IMEKOH* 160 | 80 n@500 mA cm 2 7
seawater
Ni,P-Fe,P/NF IMROH* | 55 | 40 h@500 mA em 9
seawater
NiFeS/NF IMROH+ 115 1 25 h@500 mA cm 2 18
seawater
S-NiMoO,@NiFe-LDH/NF | | MROH+ |55, 20 h@20 mA cm 19
seawater
NiPS/NF IMROH* | o0 | 24 h@250 mA om 2 20
seawater
FeS/iron foam IMKOH+ |55 1 300 h@1000 mA cm 2 21
seawater
MoS,-(FeNi)Sg/Ni-Fe Foam | | M KOH* 16y 70 h@50 mA cm2 2
seawater
. . M KOH + B
Ni;3S,-MoS,-Ni;S,/NF 0.5 M NaCl 188 50 h@100 mA cm 23
R 1 M KOH + -
Ni;Bi,S,/NF 0.5 M NaCl 157 24 h@500 mA cm 24
. I M KOH + B
Ni/V,04/NF oaniaecr | 430 | 24h@1000 mA cm 25

N100™ represent the overpotentials required to attain j of 100 mA cm2,
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Table S3. Comparison of overall-seawater

splitting performance of NiMoS,@NiFe-
LDH/NF|NiMoS,/NF with recently reported electrocatalysts under alkaline conditions.

Vioo*

Vsoo™

Electrolyzer Electrolyte Testing time Ref.
y Yim | m &
NiMoS,@NiFe-LDH/NF|[NiMoSy/NF | | gg;jgg:: 161 | 184 | 150 h@500 mA cm? | This work
NiMON/NF|NiIMoN@NiFeNNF | ' MBSy 5611771100 @500 mA em-2 4
S-(NiFe)OOH/NFINiMoNNF | T M BTy 65 1y 741100 h@500 ma e 5
CoP/NF||CoPy@FeOOH/NF ! gg;fg:r* 171 | 187 | 80 h@500 mA cm? 7
Ni,P-Fe,P|[Ni,P-Fe,P ! ggﬁgﬁ* 181 | 204 | 38h@500 mA cm? 9
NiFe/NiSNFINiNIO-CroNF | ' MBOHT 09 195 | so0h@1000 macem2 | 11
NiPS/NF|[NiPS/NF IMEOHT T 168 / 60 h@200 mA cm-2 20
Ni3Sz-MOSz-Ni3Sz/NF|| 1 M KOH +
-2
N SMOSNLSANE MEORT] 182 /| 100 h@100 mA cm 23
Ni;N@C/NF|[Ni;FeN@C/NF IMEORT] 169 | 191 | 1000@100mA cm? | 26
-2
T MEORT] 186 | 199 | 40h@200 mA cm 27
)
PG DI MEOHT] 166 / 50 h@15 mA cm 28
Co-Fe,P/NF|[Co-Fe,P/NF ! i\galfv(a)g:: 1.69 /| 24 h@100 mA cm? 29
Mo-NiFe-PO/NFE|
N e POUNTT LAEOR | Les /| 100h@500mA cm2 | 30
0-NiFe-PO; :
P (NLMo.FeI0OTNIMOP IMKOH ¥+ 75 /| 20h@100 mA em? 31
S,P-(Ni,Mo,Fe)OOH/NiMoP 0.5MNaCl |~
RuNi-Fe,0,/IF|RuNi-Fe;051F | | 1;41&%1:& 1.73 /| 100h@100mA em? | 32
MIL-(IrNiFe)@NF|| | MKOH +
)
GMSOBS | 167 | 19 | 12h@500 mA em 33

MIL-(IrNiFe)@NF

Vioo* and Vseo* represent the voltages required to attain j of 100 and 500 mA cm 2, respectively.
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