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[bookmark: OLE_LINK6][bookmark: OLE_LINK5]Fig. S1 SEM images of NiFe-LDH
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[bookmark: OLE_LINK10]Fig. S2 (a, b) CV curves of NiFe-LDH and coral-like NiFe-LDH, respectively. (c) Comparison of their Cdl derived from the CV measurements
Note: The Coral-like NiFe-LDH was fabricated via a hydrogen bubble-templated method [S1]. Its structural advantage is confirmed by the double-layer capacitance (Cdl) measurement, which yields a value of 12.38 mF cm–2, markedly higher than the 1.88 mF cm–2 for the conventional NiFe-LDH. This drastically increased Cdl indicates a substantially larger electrochemical active surface area, which provides abundant nucleation sites for the NiFe-LDH growth, leading to a higher loading of the active phase.
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[bookmark: _Hlk219248758]Fig. S3 FFT images derived from the HRTEM images of (a) NiFe-LDH and (b) Ce(OH)CO3 area in NiFe-LDH/Ce(OH)CO3







[image: ]
Fig. S4 SAED pattern of NiFe-LDH/Ce(OH)CO3
Note: The discrete bright spots corresponding to the highly crystalline Ce(OH)CO3 phase, and broad diffraction rings originating from the poorly crystalline NiFe-LDH phase. 
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[bookmark: _Hlk219237483]Fig. S5 HRTEM images of NiFe-LDH/Ce(OH)CO3
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Fig. S6 EDS spectrum and corresponding elemental composition (inset table) of the NiFe-LDH/Ce(OH)CO3 composite
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Fig. S7 Raman spectra of NiFe-LDH and NiFe-LDH/Ce(OH)CO3
Note: CO32– intercalation in LDHs is known to enhance chloride resistance via two mechanisms: its high charge density strengthens layer bonding, and its small size reduces interlayer spacing, inhibiting Cl– exchange [S2].
It is noteworthy that in our work, Raman analysis confirms the presence of intercalated CO32– in both the baseline and target catalysts. Since CO32– has the highest affinity for LDH interlayers (CO32– > SO42– > OH– > Cl– > NO3–) and becomes the dominant interlayer anion under our synthesis conditions [S3], it forms a consistent background in all samples. Thus, the superior performance of NiFe-LDH/Ce(OH)CO3 is not due to differential carbonate effects but to the specific role of Ce(OH)CO3 integration.
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Fig. S8 Survey XPS spectra of NiFe-LDH and NiFe-LDH/Ce(OH)CO3
[image: ]
Fig. S9 O 1s XPS spectra of NiFe-LDH and NiFe-LDH/Ce(OH)CO3
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Fig. S10 EPR spectra of NiFe-LDH and NiFe-LDH/Ce(OH)CO3 samples recorded at room temperature

[image: ]
Fig. S11 Oxidation States of (a) Fe and (b) Ni in NiFe-LDH and NiFe-LDH/Ce(OH)CO3 Determined by Linear Combination Fitting
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Fig. S12 (a, b) Fe K-edge and (c, d) Ni K-edge XAFS spectra of NiFe-LDH and NiFe-LDH/Ce(OH)CO3
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Fig. S13 (a, b) Fe R-space and (c, d) R-space XAFS spectra of NiFe-LDH and NiFe-LDH/Ce(OH)CO3
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Fig. S14 Fourier transforms of k3-weighted EXAFS spectra at (a) Fe and (b) Ni K-edges
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[bookmark: _Hlk218726807]Fig. S15 The OER activities of catalysts. (a) LSV polarization curves. (b) Tafel slopes derived from polarization curves. (c) EIS measurements
Note： The electrochemical activity of NiFeCe0-LDH, NiFeCe5-LDH, NiFeCe10-LDH, NiFeCe20-LDH, and NiFeCe30-LDH catalysts with different Ce doping amounts was compared. The results showed that NiFeCe20-LDH had the best electrochemical activity. This superior activity is ascribed to its significantly reduced interfacial resistance, as evidenced by its markedly lower charge-transfer resistance (Rct = 0.322 Ω) compared to the other catalysts (Rct ranging from 0.385 to 0.414 Ω). This minimal Rct underpinned the highest charge-transfer efficiency and lowest overall impedance. Consequently, NiFeCe20-LDH was selected as the target catalyst (denoted as NiFe-LDH/Ce(OH)CO3) for subsequent investigations. 
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Fig. S16 Overpotential of Coral-like NF, Commercial RuO2, NiFe-LDH/Ce(OH)CO3, and NiFe-LDH
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[bookmark: _Hlk218597677]Fig. S17 EIS measurements of Coral-like NF, Commercial RuO2, NiFe-LDH/Ce(OH)CO3, and NiFe-LDH
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[bookmark: OLE_LINK4]Fig. S18 The CV curves of (a) coral-like NF, (b) commercial RuO2, (c) NiFe-LDH, and (d) NiFe-LDH/Ce(OH)CO3 at different scan rates
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Fig. S19 Cdl of coral-like NF, commercial RuO2, NiFe-LDH, and NiFe-LDH/Ce(OH)CO3
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[bookmark: OLE_LINK9][bookmark: _Hlk219151612]Fig. S20 CV polarization curves for NiFe-LDH and NiFe-LDH/Ce(OH)CO3
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Fig. S21 (a) Illustration of seawater pretreatment for alkaline seawater electrolysis. The OER activities of catalysts in alkaline natural seawater. (b) LSV polarization curves. (c) Tafel slopes derived from polarization curves
Note: All seawater used in this study was sourced from the Bohai Sea (36°58.0′N–40°59.0′N, 118°42.0′E–122°17.0′E, China). To utilize the seawater while removing interfering cations, 1 L of seawater was treated directly with 1 M KOH and allowed to stand for 12 hours to precipitate Ca2+/Mg2+ ions (as hydroxides). The resulting clear supernatant was then collected for electrolysis tests [S4].
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Fig. S22 (a) Schematic of the DEMS electrochemical cell. (b). DEMS signals of NiFe-LDH/Ce(OH)CO3 for 16O16O, 16O18O, and 18O18O
Note： The catalyst was first electrochemically pretreated in H218O electrolyte, followed by LSV. It was then transferred to an H216O solution for further LSV measurements while DEMS continuously monitored the gaseous products. The DEMS results show that the mass spectrometric signal for oxygen increases with the applied potential, correlating with the rise in current density observed in the LSV, thus confirming that OER occurs on the catalyst surface [S5].

[image: ] Fig. S23 Comparisons of state-of-the-art works of the stability with this work
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Fig. S24 Comparison of CV Curves before and after Chronopotentiometry
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Fig. S25 Faradaic efficiency tests of NiFe-LDH/Ce(OH)CO3 in alkaline seawater at the constant current densities of 0.1 A cm−2
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Fig. S26 Corresponding digital photos of the typical drainage method
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Fig. S27 Corresponding photographs of iodometric titration after constant current test at a current density of 1 A cm–2
Note： Quantitative iodometric titration was performed on the electrolyte after stability testing under identical conditions. Upon acidification and addition of potassium iodide and starch indicator, the amount of Na2S2O3 (0.01 M) required to reach the titration endpoint was used to quantify the chlorine oxidation products. The NiFe‑LDH/Ce(OH)CO3 sample required only 2.5 mL to initiate fading of the blue color. In contrast, the NiFe‑LDH sample still showed blue color after 5 mL, but began fading only after 10 mL. This marked reduction in Na2S2O3 consumption for the composite directly confirms the effective suppression of chloride oxidation during prolonged operation.
[bookmark: _Hlk218809276]Supplementary methods
1.	Water-Displacement Method and Faradaic Efficiency Calculation [S6]
OER tests were conducted in a three-electrode system using a gas-tight electrochemical cell filled with alkaline simulated seawater. Galvanostatic measurements were performed at a current density of 100 mA cm⁻² to maintain a constant rate of oxygen production. During each 150‑second interval, the evolved oxygen and hydrogen gases were collected by the conventional water‑displacement method. It should be noted that any chlorine gas generated dissolves completely in the electrolyte and thus does not contribute to the collected gas volume. Methyl orange was added to the collection vessel to improve the visibility of the meniscus.
2.	Iodometric Titration [S7]
For the determination of hypochlorite and chlorite (available chlorine) in the liquid phase, the following procedure was followed:
(i) 10 mL of electrolyte was collected after electrolysis at different current densities.
(ii) 10 mL of KI (10%) was added to the electrolyte.
(iii) 2 mL of 30% H2SO4 was added to the electrolyte.
(iv) The solution was titrated with 0.001 M Na2S2O3.
The reaction that occurs during determination is as follows:
	ClO– + 2I– + 2H+ → Cl– + I2 + H2O	(S1)
	2S2O32– + I2 → 2I– + S4O62–	(S2)
The selectivity of oxygen evolution was calculated by observing the volume of Na2S2O3 consumed at the end of the titration, which was repeated three times.
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Fig. S28 SEM images of NiFe-LDH (a) and NiFe-LDH/Ce(OH)CO3 (b) after constant current test
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Fig. S29 TEM image of NiFe-LDH/Ce(OH)CO3 after constant current test
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Fig. S30 HRTEM images of NiFe-LDH/Ce(OH)CO3 after constant current test
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Fig. S31 XRD patterns before and after the constant current test
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[bookmark: _Hlk218364759]Fig. S32 HAADF image and EDS images of NiFe-LDH/Ce(OH)CO3 after constant current test
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Fig. S33 EDS spectrum and corresponding elemental composition (inset table) of the NiFe-LDH/Ce(OH)CO3 composite after constant current test
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[bookmark: _Hlk218362816]Fig. S34 XPS spectra before and after the constant current test. (a) Ce 3d and (b) O 1s of NiFe-LDH/Ce(OH)CO3

[image: ]
Fig. S35 Raman spectra of NiFe-LDH/Ce(OH)CO3 before and after constant current test
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Fig. S36 EPR spectra of NiFe-LDH/Ce(OH)CO3 before and after constant current test
Note： The lack of significant change in oxygen vacancy concentration before and after stability testing indicates that the Ov do not directly serve as active sites in the OER process.
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Fig. S37 ICP analysis after constant current test. (a) Calibration curves for Ni and Fe. (b) Leaching amounts of Ni and Fe
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Fig. S38 Comparison of ratios for band intensity (I560/I478)
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[bookmark: OLE_LINK12]Fig. S39 The OER pathway of NiFe-LDH/Ce(OH)CO3
Note：The OER on the NiFe-LDH/Ce(OH)CO3 surface proceeds via the adsorbate evolution mechanism (AEM). Under alkaline conditions, NiFe-LDH/Ce(OH)CO3 initially adsorbs OH⁻ to form an *OH intermediate, which undergoes dehydrogenation to yield *O. Subsequently, the *O species reacts with another OH⁻ through nucleophilic attack, generating an *OOH intermediate. Finally, O2 is released via *OOH desorption facilitated by additional OH⁻.
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Fig. S40 Schematic diagram of the Bader charge redistribution induced by incorporating Ce(OH)CO3 into NiFe-LDH
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[bookmark: _Hlk218962854][bookmark: _Hlk218962941]Fig. S41 COHP analysis for NiFe-LDH and NiFe-LDH/Ce(OH)CO3 after *Cl absorption
Note：The integrated crystal orbital Hamiltonian population (ICOHP) analysis was employed to evaluate the binding affinity between the catalyst and Cl⁻. The ICOHP value for NiFe-LDH/Ce(OH)CO3 is –0.726 eV, in contrast to –1.173 eV for pristine NiFe-LDH. This notable reduction indicates fewer electrons available for bonding with Cl⁻ in the composite, which directly corroborates its enhanced resistance to chloride-induced corrosion.



[bookmark: OLE_LINK1]Table S1 Fe K-edge EXAFS fitting results
	Sample
	Path
	N
	R (Å)
	σ2×103 (Å2)
	ΔE (eV)
	R factor

	NiFe-LDH
	Fe-O
	5.80±1.12
	1.99
	8.09
	-2.12
	0.017

	
	Fe-M
	5.75±2.54
	3.07
	10.78
	
	

	NiFe-LDH/Ce(OH)CO3
	Fe-O
	6.17±0.73
	2.00
	7.11
	-1.14
	0.008

	
	Fe-M
	9.43±2.62
	3.08
	14.69
	
	


[a]: k range: 3-9.5 (Å–1); R range: 1-3.6 Å; S02 = 0.95
N: coordination numbers; R: bond distance; σ2: Debye-Waller factors; ΔE: the inner potential correction. R factor: goodness of fit. *Fitting with fixed parameter. The number of variable parameters is 7.
Note: Fe K-edge and Ni K-edge XAFS and EXAFS data were collected in fluorescence mode on the X-ray Absorption Spectroscopy beamline at the Ganjiang Innovation Academy (Chinese Academy of Sciences). The powder samples were homogeneously mixed with cellulose to obtain a metal concentration of around 10000 ppm. A Si(111) single crystal was used to monochromatize the X-ray beam. The raw XAFS data were processed (background-subtraction, normalization, and Fourier transformation) using standard procedures within the Athena module of the IFEFFIT software package. EXAFS fitting was performed by the Artemis module, following the EXAFS equation below:
[image: ] 	      (S3)
where S02 is the amplitude reduction factor, Fj(k) is the effective curved-wave backscattering amplitude, Nj is the number of neighbors in the jth atomic shell, Rj is the distance between the X-ray absorbing central atom and the atoms in the jth atomic shell, λ is the mean free path in Å, ϕj(k) is the phase shift, σj2 is the Debye-Waller parameter of the jth atomic shell (variation of distances around the average Rj) [S8]. 
Table S2 Ni K-edge EXAFS fitting results
	Sample
	Path
	N
	R (Å)
	σ2×103 (Å2)
	ΔE (eV)
	R factor

	NiFe-LDH
	Ni-O
	6.34±1.16
	2.05
	6.34
	-2.01
	0.016

	
	Ni-M
	6.16±2.18
	3.09
	6.16
	
	

	NiFe-LDH/Ce(OH)CO3
	Ni-O
	6.84±0.64
	2.06
	6.84
	-0.48
	0.004

	
	Ni-M
	5.68±0.91
	3.10
	5.68
	
	


[a]: k range: 3-9.5 (Å–1); R range: 1-3.6 Å; S02 = 0.95
N: coordination numbers; R: bond distance; σ2: Debye-Waller factors; ΔE: the inner potential correction. R factor: goodness of fit. *Fitting with fixed parameter. The number of variable parameters is 7.
Table S3 EIS fitting data for NiFeCe0-LDH, NiFeCe5-LDH, NiFeCe10-LDH, NiFeCe20-LDH, and NiFe30-LDH
	Samples
	Rs (Ω)
	Rrt (Ω)
	Rct (Ω)

	NiFeCe0-LDH
	1.280
	0.098
	0.414

	NiFeCe5-LDH
	1.208
	0.107
	0.403

	NiFeCe10-LDH
	1.207
	0.101
	0.400

	NiFeCe20-LDH
	1.201
	0.100
	0.322

	NiFeCe30-LDH
	1.218
	0.138
	0.385


Note：The incorporation of Ce(OH)CO3 likely increases the concentration of oxygen vacancies, which consequently enhances both the OER activity and electrical conductivity (reflected in a lower Rs) of NiFe-LDH across different Ce(OH)CO3 loading levels. 
Table S4 EIS fitting data for coral-like NF, commercial RuO2, NiFe-LDH, and NiFe-LDH/Ce(OH)CO3
	Samples
	Rs (Ω)
	Rrt (Ω)
	Rct (Ω)

	Coral-like NF
	1.173
	0.736
	13.950

	Commercial RuO2
	1.431
	0.298
	1.550

	NiFe-LDH
	1.280
	0.098
	0.414

	NiFe-LDH/Ce(OH)CO3
	1.201
	0.100
	0.322


Table S5 Comparison of OER performance between NiFe-LDH/Ce(OH)CO3 and reported catalysts
	Catalysts
	Overpotential (mV)
	Tafel slope (mV dec–1)
	Refs.

	NiFe-LDH/Ce(OH)CO3
	221
	31.37
	This work

	FeMoO4/NF
	271
	41.4
	[S9]

	AlCoCrFeNi-HEAS
	332
	48.87
	[S10]

	NiFe-LDH-S350
	302
	50.82
	[S11]

	NNSN/NF
	296
	215
	[S12]

	NiO/Ni3S2@Ni5P4
	340
	69.9
	[S13]

	ZnFe-BDC-0.75
	308
	47.72
	[S14]

	FeOOH/CoFe-LDH
	240
	55.6
	[S15]

	FeOOH-NiCoMoLDH/NF
	256
	59.39
	[S16]

	S-NiFeOxHy/CC
	331
	63
	[S17]


Note: The electrolysis was performed in an aqueous electrolyte of 1 M KOH + 0.5 M NaCl. 

Table S6 Comparison of stability performance between NiFe-LDH/Ce(OH)CO3 and reported catalysts
	Catalysts
	Time (h)
	Current density (mA cm–1)
	Electrolyte
	Refs.

	NiFe-LDH/Ce(OH)CO3
	450
	1000
	Simulated alkaline seawater
	This work

	NiFe-LDH@Co9S8-Ni3S2/NF
	200
	500
	[bookmark: OLE_LINK7]Simulated alkaline seawater
	[S18]

	S-NiFe
	210
	500
	Alkaline seawater
	[S19]

	NiFe-LDH/NiMoO4
	100
	1000
	Alkaline seawater
	[S20]

	CeNiFe@CuO
	150
	500
	Alkaline seawater
	[S21]

	CoPx@FeOOH
	80
	500
	Alkaline seawater
	[S22]

	IF/CoFeS@Ni-TA
	180
	500
	Alkaline seawater
	[S23]

	NiFeV/NF
	240
	500
	[bookmark: OLE_LINK8]Alkaline seawater
	[S24]

	CoFeOF/NF
	150
	400
	Simulated alkaline seawater
	[S25]

	NF/Ni3N@NiFe-PA
	100
	500
	Alkaline seawater
	[S26]

	Sn-NiFeOOH@NF
	200
	500
	Simulated alkaline seawater
	[S27]


Table S7 Calculation of efficiency and H2 cost for the NiFe-LDH/Ce(OH)CO3-based AEM electrolyzer at various current densities in 1.0 M KOH + 0.5 M NaCl
	[bookmark: OLE_LINK2]j (A cm–2)
	Voltage (V)
	H2 production rate (mol H2 cm–2 s–1)
	H2 power out (W cm–2)
	Electrolyzer Power (W cm–2)
	Efficiency of AEM (%)
	Price per GGE H2 ($)

	0.1
	1.62
	5.18 × 10-7
	0.125
	0.162
	77.16
	0.86

	0.2
	1.71
	1.04 × 10-6
	0.251
	0.342
	73.39
	0.91

	0.3
	1.76
	1.56 × 10-6
	0.378
	0.528
	71.59
	0.94

	0.4
	1.80
	2.07 × 10-6
	0.501
	0.721
	69.44
	0.96

	0.5
	1.83
	2.59 × 10-6
	0.627
	0.914
	68.59
	0.97

	0.6
	1.85
	3.11 × 10-6
	0.752
	1.110
	67.57
	0.99

	0.7
	1.87
	3.63 × 10-6
	0.877
	1.306
	67.15
	1.00

	0.8
	1.88
	4.14 × 10-6
	1.003
	1.503
	66.73
	1.00

	0.9
	1.90
	4.66 × 10-6
	1.128
	1.706
	66.12
	1.01

	1.0
	1.92
	5.18 × 10-6
	1.250
	1.917
	65.21
	1.03


Supplementary testing conditions
For the anode, the self-supporting electrode was used directly, which consisted of a ≈1 μm-thick NF loaded with NiFe-LDH/Ce(OH)CO3 via a hydrothermal method. For the cathode, a commercial Raney Ni electrode was employed. The MEA was fabricated using an AEM (PAP-TP-85, 40 μm) pretreated by soaking in 1 M KOH for 24 h. The catalyst-coated electrodes were placed on both sides of the membrane to ensure intimate contact. Electrolysis tests were performed in a custom two-compartment cell with an active geometric area of 1 cm2. The anode was supplied with alkaline simulated seawater (1 M KOH + 0.5 M NaCl). Both electrolytes were deaerated and circulated at a flow rate of 10 mL min–1. All experiments were conducted at 80 °C. Polarization curves were recorded at a scan rate of 5 mV s–1, and stability tests were carried out under galvanostatic conditions (500 mA cm–2) with periodic iR compensation.
Note: These calculations consider only the electricity costs, following the method outlined in the literature. We explicitly use the lower heating value (LHV) of hydrogen:
H2 production rate@0.1 A cm–2
= (j A cm–2)(1 e–/1.602 × 10–19 C)(1 H2/2 e–) 
= 0.1 A cm–2 / (1.602 × 10–19 C × 2) = 3.12 × 1017 mol H2 cm-2 s-1
 
LHV of H2 
= 120 kJ g–1 H2 = 2.42 × 105 J mol–1 H2
 
H2 power out 
= (5.18× 10–7 mol cm–2 s–1) × (2.42 × 105 J mol–1) = 0.125 W cm–2
 
Electrolyzer Power @ 0.1 A cm–2 
= (0.1 A cm–2) (1.62V) = 0.162 W cm–2
 
Efficiency of AEM
= (H2 Power Out) / (Electrolyzer Power) = 0.125 W cm–2/0.162W cm–2 = 77.16%
 
Price per gasoline-gallon equivalent (GGE) H2 
[bookmark: _Hlk218629505]= 1 GGE H2/H2 production rate × Electrolyzer power × Electricity bill
= 0.997 kg / (5.18× 10–7 mol H2.cm–2 s–1 × 2 kg/mol) × 0.162 W cm–2 × $ 0.02 / kW h= $ 0.86 /GGE H2

Table S8 Calculation of efficiency and H2 cost for the RuO2-based AEM electrolyzer at various current densities in 1.0 M KOH + 0.5 M NaCl
	j (A cm–2)
	Voltage (V)
	H2 production rate (mol H2 cm–2 s–1)
	H2 power out (W cm–2)
	Electrolyzer Power (W cm–2)
	Efficiency of AEM (%)
	Price per GGE H2 ($)

	0.1
	1.79
	5.18 × 10-7
	0.125
	0.179
	69.83
	0.96

	0.2
	1.93
	1.04 × 10-6
	0.251
	0.386
	65.03
	1.00

	0.3
	2.00
	1.56 × 10-6
	0.378
	0.602
	62.79
	1.07

	0.4
	2.05
	2.07 × 10-6
	0.501
	0.821
	61.02
	1.10

	0.5
	2.10
	2.59 × 10-6
	0.627
	1.052
	59.60
	1.12

	0.6
	2.14
	3.11 × 10-6
	0.752
	1.286
	58.48
	1.14

	0.7
	2.19
	3.63 × 10-6
	0.877
	1.530
	57.32
	1.17
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