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S1. Characterization

Powder X-ray diffraction (XRD) patterns were recorded on a Bruker D8 Advance
powder X-ray diffractometer using a Cu Ko (A = 1.5405 A) radiation source operating
at 40 kV and 40 mA with the scanning rate of 5°/min. Raman spectra were recorded
using a Laser confocal Raman spectrometer (Renishaw inVia, Britain) with a laser
excitation of 532 nm. Fourier transform infrared spectrometer (FTIR, 670-IR, America)
was employed to determine the presence of the organic ligand; the wavelength was
selected from 4000 to 400 cm'!. The morphology and microstructure of the product
were analyzed by scanning electron microscopy (FESEM, Hitachi, S-4800 II, Japan)
and transmission electron microscopy (TEM, FEI, Tecnai G2 F30 S-TWIN, America).
All X-ray photoelectron spectroscopy (XPS) measurements were carried out on Kratos
XSAM-800 spectrometers with an Al Ka radiation source.
S2. Experimental section
Synthesis of the NiFe-BDC

1 mmol of benzenedicarboxylic acid (BDC) was ultrasonically dissolved in 10 mL
of N, N-dimethylformamide (DMF). Next, 30 mL of ethanol was poured into the above
solution to form a homogeneous solution. After that, 1 mmol of FeCl;-6H,0 was
dissolved in the solution. Finally, the obtained yellow solution was transferred into a
Teflon-lined stainless-steel autoclave, and a piece of NF (3*5 cm?) was vertically
immersed. The autoclave was sealed and heated at 140 °C for 12 h and then cooled
naturally to room temperature. The resulting sample was washed thoroughly with
ethanol and deionized water three times each and dried at 60 °C under vacuum for 6 h
to obtain NiFe-BDC.
Synthesis of NiFe-BDC@ZIF-67

The as-prepared NiFe-BDC was vertically immersed in the beaker containing 40
mL of methanol with Co(NOs3),:-6H,0 (2 mmol) and 2-methylimidazole (2-mlm, 16
mmol). The mixture was prepared by vigorously stirring for 10 min and aged at room
temperature for 6 h. During this period, the Co?* ions and 2-mIm ligands in the solution
slowly diffused to the surface of the NiFe-BDC framework, where they coordinated,
nucleated, and epitaxially grew to form a uniform ZIF-67 shell. Finally, the product
was ultrasonically cleaned with methanol and ethanol several times to remove loosely
adsorbed particles and dried at 60 °C under vacuum, yielding the final NiFe-
BDC@ZIF-67 catalyst. The mass loading of NiFe-BDC@ZIF-67 on the NF substrate

is about 1.2 mg-cm2,



S3. Electrochemical measurements

The electrochemical measurements were performed in a 1.0 M KOH electrolyte at
room temperature using an electrochemical workstation (CHI660E) with a three-
electrode system. The 1 M KOH + seawater electrolyte was prepared by first filtering
the natural seawater through a 0.22 um membrane to remove suspended particles. No
additional purification or desalination steps were performed during this process to
preserve the original ionic composition. The filtered seawater was then used to prepare
the alkaline electrolyte with a concentration of 1 M KOH. The glass carbon electrode
(GC, diameter 3 nm, 0.07 cm?) was used as the supporting working electrode to measure
HER performance. Graphite rod and saturated calomel electrode (SCE) were used as
the counter and reference electrodes, respectively. The catalytic ink is prepared as
below. The resulting electrocatalyst was used as a working electrode with a size of 1*1
cm?. All potentials were referenced to a reversible hydrogen electrode (RHE); the
formula is as follows: E(RHE) = E(SCE) + 0.059*pH + 0.242V.

The polarization curves were measured by cyclic voltammetry (CV) at a scan rate
of 5 mV s! with 90% IR correction. The ohmic resistance with IR correction was
obtained using electrochemical impedance spectroscopy in the frequency range of 1000
kHz~10 mHz with an amplitude of 5 mV. The durability test was carried out for 1000
cyclic voltammetry (CV) cycles at a scan rate of 150 mV s, and a linear sweep was
measured at a scan rate of 5 mV s'! after 1000 cycles. The electrochemically active
surface area (ECSA) was estimated from the electrochemical double-layer capacitance
(Ca) by measuring CV curves at different scan rates in a non-Faradaic region. A
chronoamperometry (CA) test was carried out at the potential of 1.50, 1.55, 1.62 and
1.80 V vs. RHE for 100 h. After the CA test, the SEM, TEM, XRD and XPS of the
active catalyst were carried out.

The apparent electrochemical activation energy (E,) for HER can be determined
using the Arrhenius plots, according to the equation:

dlog(j,) E,

a(1/T)  2303R

Where jj is the exchange current density, R is the universal gas constant (8.314 J
mol "' K1), and T is the absolute temperature.
Faradaic efficiency was measured at 200 mA c¢m for 1 h. The amount of O,

generated was determined by monitoring the pressure changes in a sealed electrolytic
3



cell using a manometer (CEM DT-8890), and the moles of O, produced were calculated

based on the following equation.
|4 |4
Faradaic yield = B

Theor E*Q*V
m

Exp

Where the Vg, and Ve, are the experimental and theoretical volumes of the
generated O, gas during the catalytic process, Q is the charge passed through the
electrode, F is the Faraday constant (96485 C mol'), and V,, is the molar volume of

gas (24.5 L mol!, 298 K, 101 KPa).
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Figure S1 Raman spectra of NiFe-BDC@ZIF-67 and NiFe-BDC.
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Figure S2 FTIR spectra of NiFe-BDC@ZIF-67 and NiFe-BDC.




Figure S4 TEM of NiFe-BDC@ZIF-67.

Figure S5 elemental mappings of NiFe-BDC@ZIF-67.
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Figure S6 XPS full survey spectra of different samples.
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Figure S7 (a) EIS of different samples, (b) Randles equivalent circuit.

The EIS data was fitted following the equivalent circuit diagram to obtain the
corresponding resistance values including the equivalent resistance of the system (Rj),
charge transfer resistance (R and adsorption resistance (R;), the non-ideal double-
layer capacitance at the electrode/electrolyte interface (Q), additional capacitive
contributions arising from pseudocapacitive behavior within the catalyst layer (Q:),
such as adsorption/desorption of reaction intermediates (e.g., *OH, *O, *OOH in

OER), or ion transport capacitance in porous structures.
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Figure S8 LSV curves of different samples in 1 M KOH electrolyte at different

temperature.
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Figure S9 CV curves of the (a) NiFe-BDC@ZIF-67, (b) NiFe-BDC and (c) ZIF-67 at
different scan rates in 1 M KOH solution. (d) The Cg4 values of different samples.
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Figure S10 The normalized LSV polarization curve of different samples.
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Figure S11 Polarization curves of NiFe-BDC@ZIF-67 at the initial and 1001st cycles.
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Figure S12 (a, b) LSVs, (c, d) Tafel slopes of different samples.
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Figure S13 EIS of different samples.
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Figure S14 CV curves of the (a) NiFe-BDC@ZIF-67, (b) NiFe-BDC and (c) ZIF-67 at
different scan rates in 1 M KOH + 0.5 M NaCl solution. (d) The Cy, values of different

samples.
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Figure S15 CV curves of the (a) NiFe-BDC@ZIF-67, (b) NiFe-BDC and (c) ZIF-67 at

different scan rates in I M KOH + seawater solution. (d) The Cy values of different

samples.

Figure S16 Comparison of corrosion current density (I.,,) and corrosion potentials
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Figure S17 Overall seawater splitting of NiFe-BDC@ZIF-67 in 1 M KOH + seawater

solution.
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Figure S18 (a) Faraday efficiency of NiFe-BDC@ZIF-67 in 1 M KOH + seawater
electrolyte. (b) The calculated result derived from the different time points in (a).

VExp _ 3.63416

Faradaic yield (5min) = =
Viheor 3-80857

~ 0.954

According to the pressure-tracking method, the yields at subsequent time points
are listed as follows: 10 min, 101.9%; 15 min, 99.8%; 20 min, 98.2%; 25 min, 103.1%;
30 min, 100.5%; 35 min, 99.3%; 40 min, 99.7%; 45 min, 100.8%; 50 min, 98.4%; 55
min, 98.8%; and 60 min, 97.3%. Starting from the 15th minute, the Faradaic efficiency
stabilizes within a range of 97.3% to 103.1%, with an average value of 99.9% (standard
deviation of 1.8%). These data clearly confirm that the experimental oxygen production

measured by the pressure method is in good agreement with the theoretical values.
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Figure S19 Long-term stability test in 1 M KOH + seawater solution.

Figure S20 Elemental mapping of NiFe-BDC@ZIF-67 after OER test in 1 M KOH +

seawater solution.
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Figure S21 EDS pattern of NiFe-BDC@ZIF-67 after OER test in 1 M KOH + seawater
solution.

Table S1. The impedance fitting parameters of different catalysts in 1 M KOH solution.

Catalysts Ry/Q R /Q R,/Q e
NiFe-BDC@ZIF-
2.62 5.44 0.24 1.44x10*
67
NiFe-BDC 2.76 8.11 0.89 1.78x107*
ZIF-67 2.78 42.25 0.64 1.62x10*
Table S2. The values of C4 and ECSA of of different catalysts in 1 M KOH.
Catalysts Ca (mF cm™?) ECSA (cm?)
NiFe-BDC@ZIF-67 11.4 285
NiFe-BDC 6.9 172.5
ZIF-67 53 132.5

Table S3. Comparison of the present work with recently reported OER catalysts.
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Catalysts Electrolyte Overpotential (mV) Ref
1 M KOH T]100:217
This
NiFe-BDC@ZIF-67 1 M KOH + 0.5 M NaCl Nioo=241 «
wor
1 M KOH + seawater M100=290
Ni NDC@Fe BDC/CP 1 M KOH MN100=239 1
NH,-MIL-88B@ZIF-67 1 M KOH Hs,=302 2
MOF-(74 + 274)@NFF 1 M KOH Ns0=228 3
1 M KOH 1]100:232
Ni-BDC/NM88B(Fe) 1 M KOH + 0.5 M NaCl Nioo=244 4
1 M KOH + seawater MN100=299
1 M KOH N100=234
NiFe-BDC 1 M KOH + 0.5 M NaCl N10=220 5
1 M KOH + seawater N10=250
1 M KOH MN20=320
Ni-Co-MOF-150 6
1 M KOH + 0.5 M NaCl Nso=370
1 M KOH T]100:311
PBA/NF-2h 7
1 M KOH + seawater Nso=320
1 M KOH N10=247
Ni(OH),/NiFe-PBA 1 M KOH + 0.5 M NaCl N10=249 8
1 M KOH + seawater N10=292
1 M KOH T]100:251
FNMO/NF 1 M KOH + 0.5 M NaCl Nioo=257 9
1 M KOH + seawater MN100=269
1 M KOH N100=248
FeMn-MOF 10
1 M KOH + 0.5 M NaCl N100=255
1 M KOH T]100:275
NiFe-LDH/MOF 1
1 M KOH + seawater MN100=307
Niz;Fe-TPA/NF 1 M NaOH + seawater Ni00=301 12

Table S4. Comparison of the present work with recently reported OER catalysts.
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Catalysts Electrolyte CA (h) Ref

I MKOH+ 0.5 M NaCl 200 mA cm2, 100h
This

NiFe-BDC@ZIF-67 200/500 mA cm2,
1 M KOH + seawater Looh work

Ni-BDC/NMS88B(Fe)

IMKOH+0.5M
NaCl

330 mA c¢cm, 28h

1 M KOH + seawater

360 mA cm™2, 28h

Ni-Co-MOF-150

1 M KOH + 2.5 M NaCl

1 M KOH + 3.5 M NaCl

50 mA cm2, 20h

PBA/NF-2h 1 M KOH + seawater 50 mA cm2, 50h 7
100 mA cm?2,
FNMO/NF 1 M KOH + seawater ?
2.22h
FeMn-MOF I MKOH +0.5MNaCl 100 mA cm?2, 100h 10

NiFe-LDH/MOF

1 M KOH + seawater

20 mA cm2, 100h

11

Ni;Fe-TPA/NF

1 M NaOH + seawater

10 mA cm2, 24h

12

CQD@NiFe-TDC-0.03

1 M KOH + seawater

100 mA c¢cm2, 100h

13

aHE-MOF

1 M KOH + seawater

10 mA cm2, 100h

14

NFBF(6:2)

1 M KOH + 0.5 M NaCl

1 M KOH + seawater

50 mA cm2, 24h

15

Table SS. The impedance fitting parameters of different catalysts in 1 M KOH + 0.5M
NacCl.

Catalysts Ry/Q R /Q R,/Q e
NiFe-BDC@ZIF-
2.35 5.82 0.18 1.79x10*
67
NiFe-BDC 1.57 9.31 0.79 5.28x10™
ZIF-67 2.33 98.76 1.07 4.24x10™*

Table S6. The impedance fitting parameters of different catalysts in 1 M KOH +

seawater.
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Catalysts Ry/Q R /Q R,/Q

XZ
NiFe-BDC@ZIF-
2.39 21.39 0.63 2.04x10™
67
NiFe-BDC 2.55 31.54 1.05 3.94x10™
Z1F-67 1.91 217.4 0.46 531x10™*

Table S7. The values of Cy and ECSA of different catalysts in 1 M KOH + 0.5M NaCl.

Catalysts Ca (mF cm™?) ECSA (cm?)
NiFe-BDC@ZIF-67 9.9 247.5
NiFe-BDC 6.5 162.5
Z1F-67 4.7 117.5

Table S8. The values of Cyq and ECSA of different catalysts in 1 M KOH + seawater.

Catalysts Ca (mF cm™) ECSA (cm?)
NiFe-BDC@ZIF-67 9.2 230
NiFe-BDC 5.7 142.5
Z1F-67 3.8 95

Table S9. Comparison of the present work with recently reported overall splitting
catalysts.

18



Catalysts Electrolyte Overpotential (V) Ref
T]l():l 48,
Pt/CINiFe- This
1 M KOH + seawater MN200=1.79,
BDC@ZIF-67 work
Ns00=1.91
PBA/NF-
1 M KOH + seawater Nioo=1.83 7
2hIPBA/NF-2h
Pt/C/NFIFNMO/N
. 1 M KOH + seawater Ni0o=1.66 9
Pt/CINiFe-
1 M KOH + seawater nio=1.524 1
LDH/MOF
Pt/CINi;Fe-
1 M KOH + seawater Nio=1.56 12
TPA/NF
NFBF(6:2)INFBF( nio=1.44,
1 M KOH + seawater .
62) 1’]100=1.80
Ir@NiFe- N10=1.49,
MOF/NFIIr@NiFe- 1 M KOH + seawater Nioo=1.84, 16
MOF/NF 1’]100:2.43
Pt/ClFe-CoCo-
1 M KOH + seawater Nio=1.53 17
PBA
RhCoNi-
T]10:1.52,
MOFIRhCoNi- 1 M KOH + seawater 18
Ni0o=1.95
MOF
NiCo-aMOF3INi- N10=1.40,
1 M KOH + seawater 19
aMOF 1”[34()22.3
CdFe-BDCICdFe-
1 M KOH + seawater Ni0=1.68 20
BDC
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