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1. Chemicals.

2-hiophenecarboxylic acid (2-CsH402S, 99%) was purchased from Tianjing
Heowns Biochemical Technology Co., Ltd. Nickel acetate tetrahydrate
(Ni(Ac)2 4H20,99%), ferric(lll) nitrate nonahydrate (Fe(NOs3)s 9H20, 98.5%), and
potassium hydroxide (KOH, 95%) were obtained from Shanghai Macklin Biochemical
Technology Co., Ltd. High purity potassium hydroxide (KOH, electronic grade,
99.999%) was purchased from Shanghai Aladdin Biochemical Technology Co., LTD.
Ethanol (absolute alcohol, AR) was purchased from Sinopharm Chemical Reagent Co.,
Ltd. IrO2 were obtained from Afar Aesa. All chemicals were used as they were
received from manufacturers. All aqueous solution was prepared with high-purity de-
ionized water (Dl-water, resistance 18.25 MQ cm™). Nickel foam (NF, 2.8 cm>2
cm>1.6 mm, surface density 380 g m?, PPl 110, porosity > 95%, purity 99.8%) Iron
foam (IF, 2.8 cm>2 cm>1.6 mm, surface density 1420 g m2, PPl 95, porosity > 95%,
purity 99.8%), Nickel Iron foam (NIF, 2.8 cm>2 cm>1.6 mm, PPl 95, porosity > 95%,
purity 99.8%, surface density 1130 g m™ (NiosFeos, 50 wt% Fe), were purchased from
Suzhou Sinero Technology Co., Ltd. Nickel foam was washed successively with dilute
HCI solution, absolute alcohol and DI-water under ultrasonication for 5 min,
respectively, which was used to remove the surface oxide layer and organic residue.

Then the clean nickel foam was immersed in absolute alcohol for use.



2. Characterizations

Scanning electron microscopy was conducted on a field emission scanning electron
microscope (FESEM, JEOL 7800F). Transmission electron microscope (TEM) and high-
resolution transmission electron microscope (HRTEM) were conducted on an aberration-
corrected TEM (Thermo Scientific-Talos™ F200i, 200 kV acceleration Voltage).  Energy-
dispersive X-ray spectroscopy (EDS) and element mapping were acquired on SEM
(OXFORD X-MaxN 150 10 kV). X-ray diffractions were conducted on X-ray diffractometer
(XRD, Bruker-AXS D8 Advance 3 kW, 40 kV, 40 mA, A=1.5418 A) with Cu-Ko radiation.
X-ray photoelectron spectroscopy (XPS) was collected between 4 and 200 eV on an Axis
Ultra (ThermoScientific™ K-Alpha) XPS spectrometer equipped with an Al Ka source
(1486.6 eV). FTIR spectra were recorded in a Thermofisher NICOLETIS 20 FTIR
spectrometer. Inductively coupled plasma mass spectroscopy (ICP-MS) measurements were
carried on Agilent 7800. lon Chromatography (IC,Thermo Scientific 1CS-600) was used to
the anion content of saline-alkali water. Atomic Force Microscopy (AFM) was conducted on
Bruker Dimension ICON SPM using peak force mode. UV-vis spectra were collected on a
SHIMADZU UV-2600 spectrophotometer. Raman measurements were performed using a
Renishaw inVia Raman Scope system with 532 nm wavelength incident laser light and 100

mW power.



3. Electrochemical measurements

Electrochemical tests were performed on a CHI 760E electrochemical workstation.
Specifically, OER was tested in a three-electrode system in a single electrolytic cell
with 1-6 M Nickel clusters (NC)/KOH+ saline-alkali water (SAW) mixed solution (with
85% iR-compensation), which used NixFeyOOH, graphite rod and Hg/HgO (1 M KOH)
as working, counter and reference electrodes, respectively.

The OER overpotential vs. EngHgo measured in this study can be converted to
corresponding overpotentials using the following equation:

7 = Engingo + 0.059 xpH + 0.098 - 1.23 V

Linear sweep voltammogram plots (LSVs) were recorded at a scan rate of 5 mV s
! from 2.1 to 0.9 V (vs. RHE, reverse scans). All LSV plots were recorded with 85%
IR-compensation. The Tafel slope was calculated according to Tafel equation as
follows:

n=blogj+a

where 7 is overpotential (V), j is current density (mA cm), and b is Tafel slope
(mV dec™).

The long-term durability was tested by chronopotentiometry at 100 mA or 500
mA for OER up to 100 h without iR-compensation. The corresponding LSVs before
and after electrochemical testing were collected with 85% iR-compensation for
comparison purpose. In addition, electric double layer capacitances (Cai, mF cm) of
working electrodes were obtained from double-layer charge-discharge diagram using
cyclic voltammetry (CV) in a small potential range of 1.12~1.22 V (vs. RHE). Both a
plot of the AJ= (Ja - Jc) /2(mA) at 1.17 V (vs.RHE) against scan rate are nearly linear
and the double layer capacitance were obtained by its slopes. Based on the reported
method, we have used a benchmark capacitance of Cs= 0.04 mF cm (typical reported

value) to calculate electrochemically active surface area (ECSA, denoted as Aecsa) of
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various electrodes (Aecsa =Cal/Cs (per cm™)) 1. The use of geometric area (GA, denoted
as Aca) for current normalization (denoted as Jca) could be traced back to the period
when smooth planar electrodes were widely used in the electrochemical community,
and it could be calculated based on the dimension of the surface contacting the
electrolyte: Aca = 2hl + wl + 2wh 2. In most cases, the thickness of the planar electrode
is much smaller than its length and height, thus Aca= 2hl, Acais 1 cm? in this work
(Aca = 2 x 0.5 cm x 1 cm=1 cm?). Electrochemical impedance spectroscopy (EIS) was
measured at 1.197 V (vs. Hg/HgO) from 100 KHz to 0.01 Hz. Faraday efficiency (FE)
for OER was measured in a H-type electrolytic cell with NixFeyOOH, graphite rod and
Hg/HgO (1 M KOH) as anode, cathode and reference electrodes, respectively. FE was
calculated based on the equation: FE = Vexp. / Vihe. = Vexp. / (Vm Q/ (N F)) = Vexp. / (Vm i
t/ (n F)), where Vexp. is the experimental volume of Oz, Vie. is the theoretical volume
of O2, Vm is the molar volume of gas (25<C,24.5 L mol™), Q is the amount of electric
charge, n is the number of electrons transferred; F is faraday constant (96,485 C mol™?);
i is the test current, t is the collection time of Oz 3.

Overall water splitting was conducted in a two-electrode system by employing
NixFeyOOH || Pt/C electrodes as anode and cathode, respectively. The long-term durability
was tested by chronopotentiometry at 500 mA cm for Overall water splitting up to 100 h

without iR-compensation.



4. Supplementary Results
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Figure S1. XRD patterns of NiFe-MOF and reconstructions.
(a) NiFe-MOF, (b) NiFe-MOF and reconstructions, (c) partially amplified spectrum,
(d) Raman spectra of NF, NiFe-MOF, and NixFeyOOH, (e) FTIR spectra of thiophene, NiFe-
MOF, and NixFeyOOH, (f) SEM images of NixFeyOOH, the inset of (f) is nanoribbon

structure; (g) HRTEM image of NixFeyOOH.



Figure S2. Morphology characterizations of NiFe-MOF.

(a-c) SEM images, inset of (a) is a nanoribbon.



Figure S3. SEM Mappings of different electrocatalysts.

(a) NiFe-MOF, (b) NixFeyOOH, (c) NC/NixFe,OOH.



Figure S4. SEM EDS of different electrocatalysts.

(a) NiFe-MOF, (b) NixFeyOOH, (c) NC/NixFe,OOH.
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Figure S5.The activities of NixFeyOOH in KOH and saline-alkali water (SAW), respctively.
(@) LSVs of NixFeyOOH in KOH and SAW, (b) OER overpotentials at 10,100,200,

300 mA cm?for NixFeyOOH in KOH and SAW.
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Figure S6. Influence of impurity iron in KOH electrolyte, sweeping from low to high

potentials (positive sweep).
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Figure S7. The activities of NixFeyOOH in different concentration of KOH with homogeneous
distributed nickel clusters(NC). (a) The LSVs of NC/NixFeyOOH (positive sweep),

(b) The LSVs of NC/NixFeyOOH (reversed sweep).
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Figure S8. The effect of synthesizing nickel clusters (NC) with different cyclic voltammetry
(CV) activation potentials on the activity of NixFeyOOH catalyst. (a) The LSVs of

NC/NixFeyOOH (positive sweep), (b) The LSVs of NC/NixFeyOOH (reversed sweep).
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Figure S9. The effect of synthesizing nickel clusters (NC) with different cyclic voltammetry
(CV) activation circles on the activity of NixFeyOOH catalyst. (a) The LSVs of
NC/NixFeyOOH (positive sweep), (b) The LSVs of NC/NixFeyOOH (reversed sweep);

(c) The polarization curves for NC/NixFeyOOH, NiosFeos/NixFeyOOH and Fe/NixFeyOOH
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Figure S10. XPS spectra of NiFe-MOF, NixFeyOOH, and NC/NixFeyOOH.
(a) Survey scan of NiFe-MOF, High-resolution XPS spectra of (b) Fe 2p, (c) S 2p and

(d) Ni 2p.
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Figure S11. (a,b) SEM images of NC/NixFeyOOH under different magnification the inset is

partial enlarged detail.
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Figure S12. AFM image and corresponding height profile of NC/NixFeyOOH.

17



05 64
NEL o .
5 oo .|
s 25
<
=
£
S 3 Nifka
2
1 KB
C Fe-|
o Fe-Ka
0L S A -
0 5 10 15 20
Energy (keV)

Figure S13. TEM Mappings of NC/NixFeyOOH.
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Figure S14. The activities of NixFeyOOH in NC/(1-6 M KOH+saline-alkali water (SAW))
mixed electrolyte. (a) LSVs (positive sweep) for NC/NixFeyOOH, (b) OER overpotentials at
10,100,300 mA cm2for NC/NixFeyOOH; (c) LSVs for NC/NixFeyOOH and its contrast
samples (positive sweep), (d) LSVs for NC/NixFeyOOH and its contrast samples (reversed

sweep).
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Figure S15.The activities of NixFeyOOH in 1-6 M KOH+saline-alkali water (SAW) mixed
electrolyte. (a) LSVs (positive sweep) for NixFeyOOH, (b) LSVs (reversed sweep) for
NixFeyOOH, (c) The activities of NiFe-MOF reconstitutions after different CV circles in4 M
KOH+saline-alkali water (SAW) and NC/ (4 M KOH+saline-alkali water (SAW) )mixed
electrolyte, respectively. (d) OER overpotentials at 10,100 mA cm for NixFe;OOH and

NC/NixFeyOOH, respectively.
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Figure S16. The activities of NixFeyOOH in NC/(4 M KOH+saline-alkali water (SAW))
mixed electrolyte with different volume fraction of KOH.
(@) The LSVs of NC/NixFeyOOH (positive sweep), (b) The LSVs of NC/NixFeyOOH(reversed

sweep).
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Figure S17. The activities of NixFeyOOH in 4 M KOH+saline-alkali water (SAW) mixed
electrolyte with different volume fraction of KOH. (a) LSVs (positive sweep) for NixFeyOOH,
(b) LSVs (reversed sweep) for NixFeyOOH, (c) OER overpotentials at 10,100 mA cm-2for

NixFeyOOH and NC/NixFeyOOH, respectively.

22



0.8 1

0.7 1

0.6 1

0.5 -

0.4 -

Current density (mA cm'z)

100 120 140 160 180
Scan rate(mV s™)

Figure S18. Cai of NixFeyOOH in NC/(4 M KOH+saline-alkali water (SAW)) mixed

electrolyte with different volume fraction of KOH.
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Figure S19. Nyquist plots of NixFeyOOH in NC/(4 M KOH+saline-alkali water (SAW)) mixed

electrolyte with different volume fraction of KOH.
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Figure S20. The activities of NC/NixFeyOOH before and after 100 h chronopotentiometry

measurement at 500 mA cm2 without iR-compensation.
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Figure S21. The structure of NC/NixFeyOOH before and after 100 h. chronopotentiometry
measurement at 500 mA cm without iR-compensation.

(a,b) SEM imges of NC/NixFeyOOH, (c) SEM Mapping of NC/NixFeyOOH.
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Figure S22. The FTIR spectra of NC/NixFeyOOH before and after 100 h chronopotentiometry

measurement at 500 mA cm without iR-compensation.
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Figure S23. The XRD spectra of NC/NixFeyOOH before and after 100 h chronopotentiometry

measurement at 500 mA cm without iR-compensation.
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Figure S24. The XPS spectra of NC/NixFeyOOH before and after 100 h chronopotentiometry
measurement at 500 mA cm without iR-compensation.
(@) Survey scan of NC/NixFeyOOH and NC/NixFeyOOH-100 h, High-resolution XPS spectra

of (b) S 2p, (c) Ni 2p, and (d) Fe 2p.
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Figure S25. The overall water splitting performance of NC/NixFeyOOH || Pt/C.

(a) The activities of NC/NixFeyOOH before and after 100 h chronopotentiometry
measurement at 500 mA cm? with 85% iR-compensation, (b) The chronopotentiometry curve
of NC/NixFeyOOH at 500 mA cm for 100 h without-compensation, (c) Digital photograph of

the equipment for measuring the volume of as-produced H2/O2 from overall water splitting,

(d) FE in NC/(4 M KOH+SAW) (50 vol% KOH).
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Figure S26. The effect of synthesizing different clusters (NC) on the activity of

NC/NixFeyOOH catalyst (positive sweep).
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Figure S27. (a) Digital photograph of the equipment for measuring the volume of as-produced

Oz2, (b) FE operated in NC/(4 M KOH+SAW).
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Figure S28. The effect of mechanical stirring rate on the activity of NC/NixFeyOOH, and

NixFeyOOH.
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Table Sla. ICP-MS analysis of saline-alkali water (SAW).

Content (mg/L)
No.
K Ca Na Mg
1 1084 1766 1244 697
Table S1b. Component analysis of saline-alkali water (SAW).
Content (mg/L)
No.
HCO3/CO3* CI SO4%
1 151 1802 1146

Note: the component of HCO3/COs?* was measured by titration, the component of CI-, SO4*

was measured by ion chromatography method.
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Table S2. ICP-MS analysis of nickel clusters (NC).

Content (mg/L)
No. .
Ni
1 0.4

Note: In order to eliminate the interference of impurities in KOH the electrolyte, the nickel
clusters were prepared by CV activation of nickel foam in a high purity KOH electrolyte

(99.999 Wtd%).
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Table S3. Comparison of seawater OER activities with recently

reported transition metal base electrocatalysts.

Catalysts (;'11\0/) ?nlf:){)/) Electrolyte Ref.

NC/NixFe,OOH 149 245 NC/(4 M KOH+SAW) VTvg:f(
BZ-NiFe-LDH/CC / 300 1 M KOH+ seawater 4
Fe,P-NiSez> NFs / 310 1 M KOH+ seawater 5
CoPx@FeOOH 235 283 1 M KOH+ seawater 6
COO@E/::VI Xene/ / 350 1 M KOH+ seawater 7
CoFe-NiOOH 200 266 6 M KOH+ seawater 8
Ni2P-FeoP/NF 250 305 1 M KOH+ seawater 9
Ni3S2/C03S4 280 360 1 M KOH+ seawater 10
NiCoFe-MOF 212 201 1 M KOH+ seawater 11
NiMoN@NiFeN / 286 1 M KOH+ seawater 12
NiFe/NiSy-Ni / 370 1 M KOH+ seawater 13
S-(Ni,Fe)OOH 270 300 1 M KOH+ seawater 14

S,P-

(Ni,Mo,Fe)OOH/Ni / 286 1 M KOH+ seawater 15

MoP/wood aerogel

Note: SAW: saline-alkali water, NC: nickel clusters.
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Table S4. EIS simulation of NC/NixFeyOOH in 1-6 M NC/KOH-+saline-alkali water (SAW)

mixed electrolyte.

Rs Rct Wo
\Wio
Model: CPE
NN
rd
No. Sample name Rs/Q Rct/Q
1 NC/NixFeyOOH-1 M 0.68 44.75
2 NC/NixFeyOOH-2 M 0.83 17.89
3 NC/NixFeyOOH-3 M 1.21 0.78
4 NC/NixFeyOOH-4 M 0.81 0.29
5 NC/NixFeyOOH-5 M 1.27 9.13
6 NC/NixFeyOOH-6 M 1.04 14.57
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Table S5. EIS simulation of NC/NixFeyOOH in 4 M NC/KOH+saline-alkali water (SAW)

mixed electrolyte with different vol% KOH.

(a) Rs Ret (b) Rs Ret Wo
VAN Ws
Model: | CPE | CPE
— r—
No. Sample name Rs/Q Rct/Q Model
1 NiFe-MOF-30% 1.09 48.03 b
2 NiFe-MOF-50% 0.81 0.29 b
3 NiFe-MOF-70% 1.14 104.5 a
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