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Experimental details
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Preparation of SU-NiFe-LDH(TA)@cp. In a typical procedure, the electrochemical-deposition was carried out in a standard three-electrode system using Pt electrode and an Ag/AgCl electrode (saturation KCl) as a counter electrode and a reference electrode, respectively. A piece of carbon paper(cp) in 1 × 2 cm2 was used as the working electrode. Before electrodeposition, carbon paper was cleaned by ultrasonication in acetone and diluted HCl solution for 15 min in turn to remove the impurities. It was rinsed with water and ethanol before being dried in an oven at 60°C. Then, a piece of carbon paper was transferred into the electrochemical-deposition solution containing 3 mmol Fe(NO3)3‧9H2O, 4.5 mmol Ni(NO3)2‧6H2O, 0.6 mmol trimesic acid, 20 mL deionized water and 10 mL DMF. The catalyst was prepared by a constant-voltage method at -1.0 V. The high quality subsize and ultrathin thickness NiFe layered double hydroxide nanosheet modified by trimesic acid ligand (SU-NiFe-LDH(TA)@cp) can be obtained after 1000 s electrochemical-deposition. After deposition, the SU-NiFe-LDH(TA)@cp electrode was rinsed with ethanol and deionized water, and then dried in air at 70°C.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Preparation of NiFe-LDH@cp and NiFe-LDH(TA)@cp. The NiFe layered double hydroxide nanosheet array (NiFe-LDH@cp) was synthesized by a similar procedure for SU-NiFe-LDH(TA)@cp. The distinction is the electrochemical-deposition solution containing 3 mmol FeSO4‧7H2O, 4.5 mmol Ni(NO3)2‧6H2O, 20 mL deionized water and 10 mL DMF. The NiFe-LDH nanosheets modified by trimesic acid lidands were prepared by adding additional 0.6 mmol trimesic acid on the basis of NiFe-LDH@cp preparation.
Characterization
The crystalline structure of the fabricated samples was characterized by X-ray diffraction (XRD, Philips X-Pert diffractometer) with Cu Kα radiation. The morphology and structure were investigated by field-emission scanning electron microscopy (FE-SEM, Hitachi S-480 equipped with an energy dispersive X-ray spectrometer), and high-resolution Transmission electron microscopy (HRTEM, JEM-2100F microscope with Cs-corrector). The surface composition was investigated using X-ray photoelectron spectroscopy (XPS, a Thermo Fisher K-alpha 250Xi). Fourier transform infrared spectra (FTIR) was performed on the IRTracer-100. The dissolved metal ions in OER electrolyte were measured by inductively coupled plasma massspectrometry (ICP-MS, Agilent 7700E). Raman spectra were measured by DXR Microscope (HORIBA HR Evolution). Contact angles of ultrapure water on as-prepared electrodes were analyzed via a dynamic contact angle determinator (JC2000C1) at room temperature. The bubble adhesion and desorption behaviors on the surfaces of composite electrodes were observed by Axioplan2 imagingE coupled with CHI 660E electrochemistry workstation 
Electrochemical Measurements
[bookmark: OLE_LINK161][bookmark: OLE_LINK162]Electrochemical measurements were tested on CHI 660E electrochemistry workstation in alkaline medium (1 M KOH) using a traditional three electrode configuration. Electrochemical measurements at large current densities were carried out on a workstation with KA3005P programmable DC power supply. Linear sweep voltammetry (LSV) was measured at a scan rate of 5 mV s-1 with 90% iR compensation unless otherwise stated. The slopes of the curves were calculated by the Tafel equation: η = b × log (j/j0). The electrochemical impedance spectroscopy (EIS) analysis were conducted with a frequency range of 105-0.01 Hz. ECSA was determined by the double layer capacitance (Cdl). Potentials described in this work were calibrated with the reversible hydrogen electrode (RHE), according to Nernst equation: E(RHE) = E(Ag/AgCl) + 0.0591 × pH + 0.197.
Density functional theory (DFT) calculation
All calculations were carried out by spin-polarized density functional theory (DFT) as implemented in Vienna Ab initio Simulation Package (VASP) 6.1.01 with Perdew-Burke-Ernzerhof (PBE)2 generalized gradient approximation (GGA). The cutoff energy was set as 420 eV after cutoff testing and the k-points were 2 × 2 × 1 for the geometry optimization. The k-points for electronic densities of states calculation were set as 11 × 11 × 1. For densities of states analysis, the 3d orbitals were calculated based on Ni and Fe atoms while the 2p orbitals of O were calculated based on two O atomsin trimesic acid. The electronic energy and forces were converged to 10-5 eV and 0.02 eV/Å, respectively. The van der Waals interaction was considered by the method of the Grimme (DFT+D3). 
Changes of Gibbs free energy were calculated by the computational hydrogen electrode (CHE) model3, in which the reaction: H+(aq) + e- = 1/2 H2(g) is equilibrated at 0 V vs the reversible hydrogen electrode at all pH values. the change of Gibbs free energy (∆G) for each elementary step was defined as follows,

where ∆E, ∆EZPE and ∆S are the reaction energy, the zero-point energy (ZPE) and the entropy difference between the products and the reactants at room temperature (T = 298.15 K), respectively. ∆GU is the contribution of the applied electrode potential (U) to ∆G, which is set as 0V in our work. 







[image: C:\Users\admin\Documents\WeChat Files\wxid_r75k0m71f9kx22\FileStorage\Temp\1666013221400.png]
Figure S1. The particle size distribution of NiFe-LDH@cp.
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[bookmark: OLE_LINK1]Figure S2. XRD patterns of NiFe-LDH@cp, NiFe-LDH(TA)@cp, and SU-NiFe-LDH(TA)@cp.
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Figure S3. HRTEM images of a) NiFe-LDH@cp, b) SU-NiFe-LDH(TA)@cp, and the inset present SAED pattern of SU-NiFe-LDH(TA)@cp.
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Figure S4. The particle size distribution of SU-NiFe-LDH(TA)@cp.
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Figure S5. TEM images of a) NiFe-LDH@cp, and b) SU-NiFe-LDH(TA)@cp.
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Figure S6. FTIR spectrum of NiFe-LDH@cp and SU-NiFe-LDH(TA)@cp.
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Figure S7. Raman spectra of Trimesic acid, NiFe-LDH@cp, NiFe-LDH(TA)@cp, and SU-NiFe-LDH(TA)@cp.
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Figure S8. High resolution XPS spectrum of a) Ni 2p, b) Fe 2p, c) C 1 s, and d) O 1 s for NiFe-LDH(TA)@cp.
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Figure S9. The CV curves of a) NiFe-LDH@cp, b) NiFe-LDH(TA)@cp, and c) SU-NiFe-LDH(TA)@cp at different scanning rates.
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Figure S10. Chronoamperometric curve of NiFe-LDH(TA)@cp in 1M KOH.
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Figure S11. Comparison of Chronoamperometric curves for NiFe-LDH@cp and SU-NiFe-LDH(TA)@cp in 1M KOH.
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Figure S12. High resolution XPS spectrum of a) Ni 2p, b) Fe 2p, c) C 1 s, and d) O 1 s for p-SU-NiFe-LDH(TA)@cp.
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Figure S13. a) The photos of SU-NiFe-LDH(TA) on different basements, including carbon paper (cp), nickel foam (nf), and carbon cloth (cc). b) LSV curves of SU-NiFe-LDH(TA)@cp, SU-NiFe-LDH(TA)@nf, and SU-NiFe-LDH(TA)@cc with iR compensation.




[image: C:\Users\admin\Documents\WeChat Files\wxid_r75k0m71f9kx22\FileStorage\Temp\1666014209875.png]
Figure S14. a) SEM image (left) and the particle size distribution (right) of SU-NiFe-LDH(TA)@nf. b) SEM image (left) and the particle size distribution (right) of SU-NiFe-LDH(TA)@nf after continuous operation for 1300 h at 1500 mA cm-2 current density.
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Figure S15. The contact angle of ultrapure water on carbon paper.
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Figure S16. The contact angle of ultrapure water on a) NiFe LDH@cp, b) NiFe-LDH(TA)@cp, and c) SU-NiFe-LDH(TA)@cp after 0.1 s.
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Figure S17. The digital photography of O2 releasing behavior on a) NiFe LDH@cp, b) NiFe-LDH(TA)@cp, and c) SU-NiFe-LDH(TA)@cp at 200 mA cm-2.
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Figure S18. FTIR spectrum of SU-NiFe-LDH(TA)@cp and p-SU-NiFe-LDH(TA)@cp.
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Figure S19. Model for NiFe-LDH. Green balls: Ni atoms; Orange balls: Fe atoms; Red balls: O atoms; Brown balls: C atoms; White atoms: H atoms.
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Figure S20. The optimized structures of *OH, *O, and *OOH adsorbed at Feb active site on a) NiFe-LDH and b) SU-NiFe-LDH(TA) models. 
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Figure S21. The optimized structures of *OH, *O, and *OOH adsorbed at Nib active site on a) NiFe-LDH and b) SU-NiFe-LDH(TA) models. 
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Figure S22. Free energy diagrams of NiFe-LDH and SU-NiFe-LDH(TA) models for Feb sites.



Table S1 The Ni and Fe ions content in electrolyte for NiFe LDH@cp, NiFe-LDH(TA)@cp and SU-NiFe-LDH(TA)@cp samples after 24 h stability test at 200 mA cm-2.
	Working electrode
	Testing time
	Element content / ng mL-1

	
	
	Ni
	Fe

	NiFe-LDH@cp
	24 h
	290.751
	365.659

	NiFe-LDH(TA)@cp
	24 h
	18.206
	20.713

	SU-NiFe-LDH(TA)@cp
	24 h
	7.462
	19.115













Table S2 Comparison of the OER performance and tafel between the SU-NiFe-LDH(TA) catalyst and other recently reported LDH-based OER electrocatalysts in 1 M KOH electrolyte.
	Electrocatalysts
	η at 10 mA cm−2 
	Tafel / mV dec-1

	SU-NiFe-LDH(TA)
	219
	31.1

	Co9S8@NiFe LDH4
	220
	52.0

	PM-NiFe-LDH5
	230
	47.0

	Ni-Fe-Ce-LDH6
	242
	39.3

	NiFe LDH-0.20 M7
	243
	50.0

	Co1Fe0.2 LDH 8
	256
	40.0

	ultrathin NiFe LDH 9
	270
	48.6

	NiCo LDH@ZIF-6710
	290
	58.0

	GDY@NiFe LDH 11
	260
	95.0

	2D CoCo-LDH12
	319
	42.0






Table S3 Comparison of the stability between the SU-NiFe-LDH(TA) catalyst and other recently reported LDH-based OER electrocatalysts in 1 M KOH electrolyte.
	Electrocatalysts
	Current density / mA cm-2 
	Time / h

	SU-NiFe-LDH(TA)
	1500
	1300

	FeNiW-LDH13
	300
	120

	LDH-Bir14
	100
	160

	P-V-NiFe LDH NSA15
	40
	1000

	Zn-(Ni/FeOOH) 16
	1000
	1000

	NiFeOOH/NiFe/Ni 17
	500
	100

	NixFe1-x-AHNA 18
	500
	24







Table S4 Comparison of the stability between the SU-NiFe-LDH(TA) catalyst and other recently reported advanced OER electrocatalysts in 1 M KOH electrolyte.
	Electrocatalysts
	Current density / mA cm-2 
	Time / h

	SU-NiFe-LDH(TA)
	1500
	1300

	(NiCo)3Se419
	1000
	500

	Ni3N@2M-MoS2 20
	1000
	300

	MnCoP 21
	100
	240

	Ni3S2 22
	100
	100

	Co9S8@Fe3O4 23
	500
	120

	Ni3Fe0.5V0.5 24
	100
	60






Table S5 The O-H bond length in *OH and *OOH of NiFe-LDH and SU-NiFe-LDH(TA) models at different adsorption sites (Nib and Feb).
	Catalysts
	Adsorption sites 
	Intermediate
	O-H bond length / Å

	NiFe-LDH
	Nib
	*OH
	0.979

	
	
	*OOH
	0.982

	
	Feb
	*OH
	0.973

	
	
	*OOH
	0.980

	SU-NiFe-LDH(TA)
	Nib
	*OH
	0.979

	
	
	*OOH
	1.020

	
	Feb
	*OH
	1.043

	
	
	*OOH
	0.992
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