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Experimental section

Materials: Cobalt nitrate hexahydrate (Co(NOs),-6H,0), nickel nitrate hexahydrate
(Ni(NOj3),-6H,0), Iron(Ill) nitrate nonahydrate (Fe(NOs;);-9H,0), and nitric acid
(HNO3) were obtained from Chengdu Kelong Chemical Reagent Factory. Ruthenium
oxide (RuO,), ammonium fluoride (NH4F), urea, ethanol (C,HsOH), sodium chloride
(NaCl), sodium carbonate (Na,CO3), and KOH were purchased from Aladdin Ltd.
(Shanghai, China). Nafion (5 wt%) was purchased from Sigma-Aldrich Chemical
Reagent Co., Ltd. Carbon cloth (CC) was provided by Hongshan District, Wuhan
Instrument Surgical Instruments business. Natural seawater was collected from Weihai,
Shandong, China, and most of the magnesium and calcium salts were removed by first
adding 3.4 g Na,COj; to 500 mL of natural seawater before use. All the reagents were
used as received without further purification and the water used throughout all
experiments was purified through a Millipore system (18.25 MQ.cm).

Preparation of CoS,/CC: A piece of CC with a size of 2 x 2 cm? was cleaned in
ethanol and HNOj; for 15 min. After that, cleaned ultrasonically in deionized water for
15 min. Co(NOs),-6H,0 (0.45 g), NH4F (0.15 g), and urea (0.45 g) were dissolved in
30 mL water and stirred for 30 min, which was then transferred to a Teflon reactor with
CC to be incubated at 120 °C for 6 h in a dry oven. After cooling down to room
temperature, the Co(OH)F/CC was acquired. To obtain CoS,/CC, the precursor
Co(OH)F/CC and S powder (2 g) were placed at two separate positions in one porcelain
boat with S powder at the upstream side of the furnace. Subsequently, the sample was
heated at 400 °C for 2 h with a heating speed of 2 °C min~! under Ar. The furnace was
then allowed to cool to room temperature in Ar.

Preparation of CoS,@NiFe-LDH/CC and NiFe-LDH/CC: For the synthesis of
CoS,@NiFe-LDH/CC, Ag/AgCl (saturation KCI solution), CoS,/CC, and Pt column
were served as the reference electrode, working electrode, and counter electrode,
respectively. Typically, 2.181 g of Ni(NOj3),-6H,0 and 2.085 g of Fe(NO3)3-9H,0 were
dissolved in an electrolytic bath, the potential is —1 V vs. Ag/AgCl and the optimal
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deposition time is 50 s. NiFe-LDH/CC was similarly prepared using CC as the working
electrode. The loading masses of CoS,;@NiFe-LDH and NiFe-LDH are 3.50 and 2.81
mg/cm?, respectively.

Preparation of RuQ,/CC: 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™"). 350 uL of
catalyst ink was dropped onto a piece of cleane CC (1.0 x 0.5 cm?).
Characterizations: X-ray diffraction (XRD) patterns were collected by using a LabX
XRD-6100 X-ray diffractometer with a Cu Ka radiation (40 kV, 30 mA) of wavelength
0.154 nm (SHIMADZU, Japan). X-ray photoelectron spectra (XPS) were obtained with
an ESCALABMK II X-ray photoelectron spectrometer using a nonmonochromatized
A1l Ka X-ray source (1486.6 eV). Scanning electron microscopy (SEM) images were
collected on a Helios G4 UC scanning electron microscope (Thermo Fisher Scientific).
Transmission electron microscopy (TEM) images were obtained by using a HITACHI
H-8100 electron microscopy (Hitachi, Tokyo, Japan) operated at 200 kV.
Electrochemical measurements: Electrochemical measurements were performed
with a CHI 660E electrochemical analyzer in a standard three-electrode system,
consisting of the CoS,@NiFe-LDH/CC working electrode, carbon rod counter
electrode, and Hg/HgO reference electrode. Electrochemical tests of OER activity were
performed under alkaline conditions (1 M KOH, 1 M KOH + 0.5 M NaCl, and 1 M
KOH + seawater). All measured potentials were calibrated to a reversible hydrogen
electrode (RHE) using the following formula: E (RHE) = E (Hg/HgO) + 0.059 % pH +
0.098. The LSV curves were obtained from 1.0 to 1.8 V vs. RHE. The electrochemical
impedance spectroscopy (EIS) analysis was performed at the open circuit potential from
10000 to 0.01 Hz at an amplitude of 5 mV. The Faradaic efficiency (FE) of OER was
determined using the drainage method in a two-compartment H-type cell, which was
separated by a Nafion 117 membrane. Electrochemical active surface area (ECSA) was
measured by Cyclic voltammetry (CV) with different scan rates of 20, 40, 60, 80, and
100 mV s™!. The ECSA of the catalyst can be calculated by using the following
equation:
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ECSA = Sgeometric area X Cdl/ CS
Where e Cy is the experimentally obtained capacitance, Cs is the specific capacitance,

and Sgeometric arca 18 the geometric area of the electrode.
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Fig. S1. Digital photograph of bare CC, Co(OH)F/CC, CoS,/CC, and CoS,@NiFe-
LDH/CC.
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Fig. S2. XRD pattern of bare CC.
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Fig. S3. SEM images of (a) bare CC, (b) Co(OH)F/CC, (c) CoS,/CC, and (d) NiFe-
LDH/CC.
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Fig. S4. EDX spectrum of CoS,@NiFe-LDH/CC.
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Fig. SS. XPS survey spectrum of CoS,@NiFe-LDH/CC.
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Fig. S6. High-resolution XPS spectrum of CoS,@NiFe-LDH/CC in O Is region.
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Fig. S7. SEM images for CoS,@NiFe-LDH/CC at different deposition times of (a) 40
s, (b) 50 s, and (c) 60 s. (d) Corresponding LSV curves of CoS,@NiFe-LDH/CC at

different deposition times in 1 M KOH.
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Fig. S8. LSV curves for CoS,@NiFe-LDH/CC, NiFe-LDH/CC, CoS,/CC, RuO,/CC,
and bare CC scanned from 1.8 Vto 1.0 Vin 1 M KOH.

S11



a 1.8

0.91

j (mA cm™?)
o
o

j (mA cm™)
o
o

—20 mV s
—40mVs’
—f0 mV s
—g0mVs’'
— 100 mV s

b 0.4

0.21

0.01

j (MmA cm™)

—20mV s
— 40 mV s
—50mV s’
—g0 mV s
e 100 MV 571

0.00 0.02 004 006 008 0.10
Potential (V vs. Hg/HgO)

4 T T . r r
0.00 0.02 0.04 0.06 0.08 0.10

Potential (V vs. Hg/HgO)

q{—80mvs’

—_—20mVs’
—d0mV s’
—F0 mV s’

——100mV s’

0.15 -
d —20mVs
e 40 MV 577
0.10{——60mvs"

e 80 MV 57"

0.05- 100 mV g7

=g

0.00 0.02 004 006 008 0.10
Potential (V vs. Hg/HgO)

000 002 004 006 008 0.10
Potential (V vs. Hg/HgO)

Fig. S9. Cyclic voltammetry curves for (a) CoS,@NiFe-LDH/CC, (b) NiFe-LDH/CC

(c) CoS,/CC, and (d) bare CC in the double layer region at different scan rates of 20,

40, 60, 80, and 100 mV s ~' in 1 M KOH.
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Fig. S10. ECSA-normalized LSV curves for CoS,@NiFe-LDH/CC and NiFe-
LDH/CC in 1 M KOH.

S13



—a— CoS,@NiFe-LDH/CC
4|~ NiFe-LDHICC
Rs Rct
£ 3 ‘ ‘
o
S Reo
2
1
0 ' r ' T
0 1 2 3 4 9
Z' (ohm)

Fig. S11. Nyquist plots for CoS,@NiFe-LDH/CC and NiFe-LDH/CC.
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Fig. S12. LSV curves of CoS,@NiFe-LDH/CC before and after 48 h stability test at
the j of 100 mA cm~2 in 1 M KOH + Seawater.
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Fig. S13. (a) Digital photographs of the collected O, and (b) comparison between the

amount of collected and theoretical O, for CoS,@NiFe-LDH/CC at aj of 100 mA cm™
in 1 M KOH + Seawater.
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Fig. S14. SEM image of CoS,@NiFe-LDH/CC after durability test in 1 M KOH +
Seawater.
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Fig. S15. EDX spectrum of CoS,@NiFe-LDH/CC after durability test in 1 M KOH +
Seawater.
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Fig. S16. XRD patterns of CoS,@NiFe-LDH/CC before and after OER stability test in
1 M KOH + Seawater.
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Fig. S17. XPS spectra in the (a) Ni 2p, (b) Fe 2p, and (c) O 1s regions for CoS,@NiFe-
LDH/CC after durability test in 1 M KOH + Seawater.
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Table S1. Comparisons of the OER performance of CoS,@NiFe-LDH/CC with other
recently reported electrocatalysts in 1 M KOH.

Current density | Overpotential
Catalyst Electrolyte Ref.
(mA cm??) (mYV)

CoS,;@NiFe-LDH/CC 100 243 1 M KOH | This work
Ni,Fe;-LDH/NF 100 260 1 M KOH 1
NiC0284@CoNi-

100 377 1 M KOH 2

LDH/CC

MnOx/NiFe-LDH/NF 100 265 1 M KOH 3
Ni0.75Feo.15CCO.10/NF 100 270 1 M KOH 4
Ni3S,/Cu—NiCo LDH/NF 100 304 1 M KOH 5
NiFe-LDH@NiFe-Bi/CC 100 336 1 M KOH 6
NiFe(OH),/Ni3N/NF 100 290 1 M KOH 7
NiFe-LDH/Cu;P 100 300 1 M KOH 8
NiO-Ni/NF 100 323 1 M KOH 9
NiCo,S4/CC 100 340 1 M KOH 10
Ni-Co-S/CF 100 363 1 M KOH 11
NiFe-MOF/NF 100 251 1 M KOH 12
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Table S2. Comparisons of the OER performance of CoS,@NiFe-LDH/CC with other

recently reported electrocatalysts in alkaline simulated seawater or alkaline seawater.

Current

. Overpotential
Catalyst density Electrolyte Ref.
(mV)
(mA cm?)
I1MKOH+0.5M
) 100 251 This
CoS,@NiFe-LDH/CC NaCl
work
100 256 1 M KOH + Seawater
AC-FeNi(O)OH 100 264 1 M KOH + Seawater 13
BZ-NiFe-LDH/CC 100 300 1 M KOH + Seawater 14
NiCoP/NiCo- IMKOH+0.5M
100 420 15
LDH@NF NaCl
NiFeP/P-rGO/NF 100 290 1 M KOH + 1 M NaCl 16
Ni,P-Fe,P/NF 100 305 1 M KOH + Seawater 17
Ni(OH),-TCNQ/GP 100 340 1 M KOH + Seawater 18
Ni;Co3Mo-OH/NF 100 304 1 M KOH + Seawater 19
NiFe-LDH-6-4/CC 100 301 1 M KOH + Seawater 20
Fe-CoCH/NF 100 317 1 M KOH + Seawater 21
IMKOH+0.5M
285 NaCl
N-CDs/NiFeLDH/NF 100 2 22
340 1 M KOH + Seawater
I1MKOH+0.5M
293 NaCl
ZnFe-BDC-0.75/NF 100 a 23
308 1 M KOH + Seawater
573 IMKOH+0.5M
NiMoOs@NiFe-
iMoO4@NiFe 100 NaCl 4
LDH/NF
315 1 M KOH + Seawater
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IMKOH+0.5M

365
NiCoHPi@NisN/NF 100 Nacl 25
396 1 M KOH + Seawater
256 | M KOH + 0.5 M
NiMoN@NiFeN/NF 100 Nacl 26
307 1 M KOH + Seawater
100 | M KOH + 0.5 M
Fe-Co-S/Cu,0/Cu 100 NaCl 27
440 1 M KOH + Seawater
g | M KOH + 0.5 M
S-(Ni,Fe)OOH/NF 100 NaCl 28
300 1 M KOH + Seawater
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