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Experimental Section

Materials: Trisodium citrate dihydrate (CsHsNa3;O;-2H,0, AR) was purchased from
Xilong Scientific Co., Ltd. Potassium ferricyanide (K;Fe(CN)s, > 99.5%), Iron(III)
nitrate nonahydrate (Fe(NO3);-9H,O, 98.5%), Cobalt nitrate hexahydrate
(Co(NO3),-6H,0, 99%) and Bis(cyclopentadienyl)nickel(I) (Ni(CsHs),, 98%) were
purchased from Macklin. The nickel foam (NF) used as a substrate was obtained from
Suzhou Sinero Technology Co., Ltd.

Preparation of CoFe-PBA/NF: Firstly, Na;CsHs0,-:2H,0 (1.125 mmol), K3Fe(CN)g
(1 mmol), Fe(NO3);-9H,0 (0.5 mmol) and Co(NOs),-6H,0 (0.5 mmol) were dissolved
in deionized water (50 mL) and stirred continuously for 5 h. Then, the product was
collected by centrifugation, washed repeatedly with ethanol and dried. Finally, 5 mg of
CoFe-PBA was dispersed in ethanol (1 mL), sonicated for 1 h, and then 500 uL of the
slurry was dropped on both sides of the nickel foam (1 cm x 1.5 cm).

Preparation of NiQ/CoFe-PBA/NF and NiO/NF: Ni(CsHs), and H,O as precursors.
NiO was deposited on the surface of CoFe-PBA/NF by ALD system (Fig. S1) to form
NiO/CoFe-PBA/NF catalyst. The ALD process was conducted at a deposition
temperature of 200 °C for 50 cycles. The parameters for the ALD system are as follows:
Valve A: 10000 ms, Valve B: 10000 ms, Valve C: 10000 ms, Valve D: 2000 ms. The
related reaction of the ALD process is as follows: CsHs-Ni-CsHs + H,O — NiO + CsHg
+ CsHs. The precursor was purged into the deposition chamber with inert gases (argon
and nitrogen), and Ni(CsHj5), reacted with water to form an atomic film. The preparation

process of NiO/NF is similar, except that CoFe-PBA/NF is replaced with NF.



Characterization: The XRD results were achieved using a LabX XRD-6100 X-ray
diffractometer with Cu Ka radiation (40 kV, 30 mA). The Raman spectra were collected
on Horiba Labram HR800 Evolution spectrometer with a 532 nm excitation laser. X-ray
photoelectron spectroscopy (XPS) was performed on a Kratos Amicus X-ray
photoelectron spectrometer. The scanning electron microscopy (SEM) results were
collected by an SU8010 at an accelerating voltage of 5.0 kV. Transmission electron
microscopy (TEM) images were collected using JEM2100F installation. The elemental
mapping of the samples was performed using an energy-dispersive X-ray spectroscopy
accessory attached to the TEM.

Electrochemical measurements: Electrochemical analysis was performed using a
Bio-Logical VMP-300 electrochemical workstation with a standard three-electrode
configuration. The NiO/NF, CoFe-PBA/NF, and NiO/CoFe-PBA/NF catalysts were
used as the working electrodes, with a graphite rod counter electrode and a reference
electrode (Hg/HgO). The electrolyte was a 1.0 M KOH solution and 1.0 M KOH with
seawater. The seawater was sourced from the Baishamen sea area, Hainan Province,
China. The linear sweep voltammetry (LSV) for OER was measured at the scan rate of
5 mV s~ with the iR compensation (85%). The measured potential was normalized by
the reversible hydrogen electrode (RHE) according to the equation: Erpg=FEng/tg0 +
0.098 V + 0.059 pH. The electrochemical impedance spectra (EIS) were measured from
0.01 Hz to 100 kHz at 1.524 V vs. RHE for OER. The electrochemical active surface
area (ECSA) was tested in the non-Faraday region. Chronopotentiometry was used to

measure the long-term stability of OER.



Computational details: All the calculations are performed in the framework of the
density functional theory with the projector augmented plane-wave method, as
implemented in the Vienna ab initio simulation package.! We used the generalized
gradient approximation (GGA) with the Pedrew-Burke-Ernzerhof (PBE) function and
Hubbard U corrections (4.30, 3.52, 3.80 eV for treating Fe, Co and Ni 3d orbitals) were
introduced to consider the self-interaction error of transition metals.>* The cut-off
energy for plane wave is set to 500 eV. The energy criterion is set to 107> eV in iterative
solution of the Kohn-Sham equation. The vacuum layer of 15 A is added perpendicular
to the sheet to avoid artificial interaction between periodic images. The Brillouin zone
integration is performed using a 2x2x1 k-mesh. All the structures are relaxed until the

residual forces on the atoms have declined to less than 0.01 eV/A.



Fig. S1. Digital photograph of ALD-GSL-4.



Fig. S2. SEM images of CoFe-PBA/NF.



Fig. S3. SEM images of NiO/CoFe-PBA/NF.
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Fig. S4. XRD pattern of NiO/NF.
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Fig. S5. XRD patterns of NiO/CoFe-PBA/NF at various temperatures.
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Fig. S6. EPR spectra of CoFe-PBA/NF and NiO/CoFe-PBA/NF.
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Fig. S7. XPS survey spectra of NiO/NF, CoFe-PBA/NF, and NiO/CoFe-PBA/NF.
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Fig. S8. High-resolution XPS spectra of NiO/NF, CoFe-PBA/NF, and NiO/CoFe-
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Fig. S9. LSV curves for samples with various temperatures in 1.0 M KOH.
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Fig. S11. Cyclic voltammograms at various can rates of 80, 100, 120, 140 and 160 mV
s ! for a) NiO/NF, b) CoFe-PBA/NF, ¢) NiO/CoFe-PBA/NF, d) RuO,/NF, and e) NF
in 1.0 M KOH solution.
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Fig. S12. ECSA-normalized LSV curves in 1.0 M KOH solution.
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Fig. S13. Cyclic voltammograms at various can rates of 80, 100, 120, 140 and 160 mV
s ! for a) NiO/NF, b) CoFe-PBA/NF, ¢) NiO/CoFe-PBA/NF, d) RuO,/NF, and e) NF

n 1.0 M KOH with seawater solution.
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Fig. S16. High-resolution XPS spectra of Cl 2p for CoFe/PBA/NF and NiO/CoFe-
PBA/NF after OER test.
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Fig. S20. SEM images of NiO/CoFe-PBA/NF after OER test.

24



O Fe @ Co O Ni @ c O N @O
Fig. S21. The structural feature of a) NiO and b) CoFe-PBA.
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Fig. S22. Four-electron mechanism of OER on the Fe sites in a) CoFe-PBA, b)
NiO/CoFe-PBA and C) FeCoNiOOH.
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Fig. S23. Four-electron mechanism of OER on the Co sites in a) CoFe-PBA, b)
NiO/CoFe-PBA and C) FeCoNiOOH.
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Fig. S24. Four-electron mechanism of OER on the Ni sites in a) NiO, b) NiO/CoFe-
PBA and c) FeCoNiOOH.
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Table S1. EIS calculation parameters of NiO/NF, CoFe-PBA/NF, and NiO/CoFe-
PBA/NF for OER in 1 M KOH solution.

R, (©2) 1.329 1.162 1.129
R, (2) 8.413 1.007 0.5194
CPE-T (22) 0.0173 0.2196 0.2351
CPE-P (©2) 0.8348 0.8336 0.7799

29



Table S2. EIS calculation parameters of NiO/NF, CoFe-PBA/NF, and NiO/CoFe-
PBA/NF for OER in 1 M KOH with seawater solution.

R, () 1.876 1.169 1.212
R, (2) 2642 3.756 1.019
CPE-T () 0.0171 0.2847 0.2099

CPE-P () 0.8059 0.7751 0.7862
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Table S3. Comparison of the OER performance in 1.0 M KOH with seawater for

different electrocatalysts.

NiO/CoFe-PBA/NF 301 mV 1.0 M KOH + Seawater This work
NiFe-LDH/MOF 307 mV 1.0 M KOH + Seawater 100 4
FeOOH-(CrCo)O,/PCF 306 mV 1.0 M KOH + Scawater 90 5
Mo-Ni;S./VO, 316 mV 1.0 M KOH + Seawater 85 6
NiMoS@NSC/NF 318 mV 1.0 M KOH + Seawater 90 7
Ni/Co(OH),-Ru@NF 324 mV 1.0 M KOH + Seawater 80 8
NilFe-MOF@Ni,P/Ni(OLT), 302 mV 1.0 M KOII + Seawater 85 9
Ni;S,@NikFe-TDC-60 380 mV 1.0 M KOH + Seawater without 10
S-NiMoO,@NiFe-LDH 315 mV 1.0 M KOH + Seawater 90 11
NiCoHPi@Ni;N/NF 365 mV 1.0 M KOH + Seawater 85 12
NiFeP/Ni,S, 406 mV 1.0 M KOH + Seawater 85 13
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Table S4. The Gibbs free energy diagram of the possible four steps of the OER process
on the Fe site of CoFe-PBA, NiO/CoFe-PBA and FeCoNiOOH.

0.71 eV 0.39eV 0.44 eV
*OH—-*0 1.25eV 1.49 eV 1.22eV
*0—*00H 1.98 eV 1.70 eV 1.68 eV

*Q0H—*+0, 0.98 eV 1.34eV 1.57eV
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Table S5. The Gibbs free energy diagram of the possible four steps of the OER process

on the Co site of CoFe-PBA, NiO/CoFe-PBA and FeCoNiOOH.

*—*0OH 0.47 eV 0.53 eV 091 eV
*OH—*0O 225eV 1.49eV 1.23 eV
*0—*00H 0.92 eV 2.03eV 1.88 eV

*0O0H—*+0, 1.27 eV 0.87 eV 0.89 eV
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Table S6. The Gibbs free energy diagram of the possible four steps of the OER process

on the Ni site of CoFe-PBA, NiO/CoFe-PBA and FeCoNiOOH.

**OH 1.41 eV 1.06 eV 0.50 eV
*OH—-*0 1.92 eV 0.29 eV 1.62 eV
*0—*00H 1.45eV 1.81 eV 1.50 eV

*0O0H—*+0, 0.14 eV 1.76 eV 1.31eV
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