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[bookmark: _Toc110067988]1. Experimental Section
[bookmark: _Toc110067989]1.1 Materials
2,5-dihydroxyterephthalic acid (H4DOBDC, 99%), isopropanol (AR, 99%), KOH (AR, 95%), N,N-dimethylformamide (DMF, AR, 99.5%), ethanol (EtOH), and iron chloride hexahydrate (FeCl3·6H2O, AR, 99%) were bought from Aladdin Reagent. Ferrous chloride tetrahydrate (FeCl2·4H2O, AR, 98%) was bought from Macklin Reagent. Commercial IrO2 was bought from Sigma-Aldrich. All chemicals were used as purchased without further purification. The deionized (DI) water used in the experiments was freshly obtained from an ultrapure water system HQ-CCS. Nickel foam (NF) was first sonicated in 0.5 M H2SO4 for 1 hour to remove the metal oxides on the surface, and then washed alternately with DI water for three times and dried at room temperature.
[bookmark: _Toc110067990]1.2 characterization
Field-emission scanning electron microscopy (FESEM) was performed by a TESCAN MIRA4 at the accelerating voltage of 200 eV-30 keV and Energy Dispersion Spectrum (EDS) analyses of the as-obtained products. X-ray photoelectron spectroscopy (XPS) was collected with a Thermo Scientific K-alpha XPS Spectrometer with Al Kα radiation (1486.6 eV). Transmission electron microscopy (TEM) was characterized on Tecnai G2 TF30 operating at 300 kV. Fourier Transform Infrared Spectroscopy was conducted in the range of 400-4000 cm−1 on a NEXUS 670 FT-IR spectrometer by KBr pellets. The Raman spectra were recorded using a LabRAM HR Evolution Raman spectrometer (HORIBA) with a 532 nm laser wavelength. X-ray powder diffraction (XRD) patterns was obtained by using an UltimaIV X-ray Cu Kα radiation diffractometer (λ = 0.15406 nm). Nitrogen sorption isotherms were measured at 77.35 K with a Micrometrics ASAP 2460 Version 3.01 Microporous physical adsorption apparatus.
[bookmark: _Toc110067991][bookmark: OLE_LINK2][bookmark: OLE_LINK3]1.3 X-ray absorption spectra (XAS) analysis. 
The X-ray absorption spectra of the Fe K-edge were measured at beamline 4B9A of Beijing Synchrotron Radiation Facility (BSRF) in transmission mode under ring conditions of 2.2 GeV and about 80-mA.1 A Si (111) double-crystal monochromator was used for energy selection, and the sample data were collected in fluorescence mode, while data on the standards (i.e., Fe foil, FeO and Fe2O3) were collected in transmission mode. The spectrometer energy resolution was approximately 1.4 eV, which gives an overall energy resolution of about 1.5 eV at the Fe K-edge, including core-hole effects. Energy calibration was performed by simultaneous measurement of the absorption edge of a Fe foil, i.e., referencing to energy shift between the maximum of the first peak in the derivative spectrum of a pure Fe foil and the Fe K-edge reference energy (7112 eV). Data processing was carried out using the Athena and Artemis software from the IFEFFIT package. The XAS data were analyzed using the software packages Demeter.2 Metal oxides were used as references to extract the standard edge energy of each reference to determine the oxidation states of metal ions in the samples. The edge energy is determined by the energy position located at 0.5 absorbance of a normalized edge jump. The energy position at 0.5 absorbance of normalized edge jump of standard samples was linearly fitted to give a calibration curve for determination of the oxidation state.3 
[bookmark: OLE_LINK5]The E0 value of 7112.0 eV was used to calibrate all data with respect to the first inflection point of the absorption K-edge of Fe. The backscattering amplitude and phase shift functions for specific atom pairs were calculated ab initio using the FEFF8 code. X-ray absorption data were analyzed using standard procedures, including pre- and post-edge background subtraction, normalization with respect to the edge height, Fourier transformation and non-linear least-squares curve fitting. The normalized k3-weighted EXAFS spectra, k3×(k), were Fourier transformed in a k range from 2 to 12.42 Å−1, to evaluate the contribution of each bond pair to the Fourier transform peak. The experimental Fourier spectra were obtained by performing an inverse Fourier transformation with a Hanning window function with r between 1–2 Å for the first coordinated shell and 2–3.5 Å for the second coordinated shell. Wavelet transform (WT) analysis was employed using the Fortran script developed by Funke et al.4 For constrained fitting of the EXAFS data, according a study by Charnock5, we assumed the Debye–Waller factor would be identical in the same coordinated shell. That is, in the first shell fitting, the Debye–Waller factors of M–O paths were constrained to be an identical value, while the CN (N), atomic distance (R) and energy shift (ΔE) were available for fitting. After obtaining the structural parameters of the first shell and second shell.
[bookmark: _Toc110067992]1.4 Electrocatalytic measurements
Electrochemical measurements were performed in a three-electrode electrochemical cell with platinum foil and Hg/HgO as the counter electrode and the reference electrode using CHI760E workstation (CH Instruments, Inc.), respectively. The catalyst loading on the NF substrate is 1 mg cm−2. The electrochemical measurements were all performed at room temperature, and the potential was referenced to that of the reversible hydrogen electrode (RHE). Double-layer capacitance (Cdl) is estimated by the CV cures at various scan rates. All the polarization curves are iR-corrected. Electrochemical impedance spectroscopy (EIS) is recorded at an applied potential of 300 mV from 100000 to 0.1 Hz. Chronopotentiometry (CP) was carried out under a high constant current density of 100 mA cm−2 using carbon rod as the counter electrode at room temperature.
The electrochemical active surface area (ECSAs) of a catalyst can be calculated from the double layer capacitance (Cdl) according equation:
                                                      (S1)
where Cs is the capacitance of the catalyst of an atomically smooth planar surface of material per unit area under identical electrolyte conditions.
[bookmark: _Toc110067993]1.5 Turnover frequency (TOF) calculation
The TOF values are calculated via the following equation:6,7
                                                     (S2)
Where j is the current density at a overpotential of 300 mV during the LSV measurement in 1.0 M KOH solution. A stand for the area of the electrode (0.5 cm2) and F is the Faradaic constant (96485 C mol−1). 4 accounts for the electrons consumed to form O2 molecule from water (4e− for OER). n represents the quantity of active sites, and n can be calculated in as follows. If assuming all the Fe ions take part in the electrocatalytic reaction, the value of n can be calculated based on the XPS results:
                                          (S3)
Where mcatalyst is the catalyst loading on the NF electrode (0.5 mg), Cwt% is the concentration of metal derived from XPS.
[bookmark: _Toc110067994]1.6 Mass activity (MA)
Mass activity (A·g−1) equals that the measured current density j (mA·cm−2) at η=300 mV divides by the catalyst loading amount 1 mg·cm-2.
                                                 (S4)
[bookmark: _Toc110067995]1.7 Density functional theory (DFT) calculation setup
To investigate the OER performances of MOF-74-Fe and MIL-53(Fe)-2OH, DFT calculations have been introduced with the CASTEP packages.8 For the descriptions of exchange-correlation interactions in the systems, the generalized gradient approximation (GGA) and Perdew-Burke-Ernzerhof (PBE) functionals have been applied.9-11 The plane-wave basis cutoff energy has been set as 380 eV and the ultrasoft pseudopotentials for all the geometry optimizations are considered. We have also selected the Broyden-Fletcher-Goldfarb-Shannon (BFGS) algorithm 12 with the coarse quality setting of k-points for the energy minimizations. To guarantee the geometry relaxations, we have introduced 20 Å vacuum space in the z-axis. For all the geometry optimizations, we have considered the following convergence criteria including the Hellmann-Feynman forces should be less than 0.001 eV/Å, the total energy difference should not exceed 5×10-5 eV/atom and the inter-ionic displacement should be smaller than 0.005 Å.
[bookmark: _Toc110067996]1.8 Kinetic analysis based on the OER kinetic model
There are five elementary reaction steps for the OER process on the catalysts’ surfaces. 
Oxidative adsorption (OA)                           (S5)
Oxidative transition 1st (OT1)                         (S6)
Associative desorption (AD)                                 (S7)
Oxidative transition 2nd (OT2)                 (S8)
Oxidative desorption (OD)                           (S9)
Following the procedure of our previous studies,13,14 we performed kinetic analyses to evaluate the standard activation free energies for the three elementary reaction steps of OER. Because the adsorbed reaction intermediates are the same in acid and base, the formula of the dual-pathway model is the same for OER in both electrolytes. Under steady-state conditions:
           (S10)
                          (S11)
                       (S12)
                         (S13)
       (S14)
                     (S15)
                                (S16)
                               (S17)


where  is the surface coverage of the active reaction intermediate, and  is the reaction rate.
The kinetic currents for each individual step are:
](S18)
        (S19)
]                 (S20)
      (S21)
]
                                                                (S22)
where ,  and  are the standard free energies of the adsorption for the reaction intermediate OH*, O* and OOH*, respectively.  is the standard activation free energy for the three elementary reaction steps ( for the oxidative adsorption step,  for the first oxidative transition step,  for the associative desorption step,  for the second oxidative transition step and  for the oxidative desorption step).

The current is directly proportional to the sum of the reaction rates for the four electron-transfer reactions. Thus, the total kinetic current () can be expressed as :



=                                (S23)
  (S24)
The kinetic current can be determined by Eqs. S18-24.




[bookmark: _Toc110067997]2. Supplemental Figures
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[bookmark: _Toc110067998]Figure S1. Deprotonation of 2,5-dihydroxyterephthalic acid (H4DOBDC) precursor to 2,5-dihydroxyterephthalato dianion ([H2DOBDC]2−) and 2,5-dioxidoterephthalato tetra-anion ([DOBDC]4−).
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[bookmark: _Toc110067999]Figure S2. (a) Schematic structure of one constitutional unit in Fe-MOF-74. (b-d) Crystal structure of Fe-MOF-74 (CCDC: 1494751, space group of R-3, golden, red, brown, and white balls represent Fe, O, C and H atoms, respectively).
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[bookmark: _Toc110068000]Figure S3. (a) Schematic structure of one constitutional unit in MIL-53(Fe)-2OH. (b-d) Crystal structure of host MIL-53(Fe)-2OH (CCDC: 734218, space group of Imma, golden, red, brown, and white balls represent Fe, O, C and H atoms, respectively).
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[bookmark: _Toc110068001]Figure S4. Raman spectra of MIL-53(Fe)-2OH and MOF-74-Fe.
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[bookmark: _Toc110068002]Figure S5. FT-IR spectra of the MOF-74-Fe and MIL-53(Fe)-2OH catalysts.
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[bookmark: _Toc110068003]Figure S6. Full survey XPS spectra of MIL-53(Fe)-2OH and MOF-74-Fe.
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[bookmark: _Toc110068004]Figure S7. High-resolution XPS C 1s spectra of MIL-53(Fe)-2OH and MOF-74-Fe.
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[bookmark: _Toc110068005]Figure S8. High-resolution XPS O 1s spectra of MIL-53(Fe)-2OH and MOF-74-Fe.
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[bookmark: _Toc110068006]Figure S9. High-resolution XPS Fe 2p spectra of MIL-53(Fe)-2OH and MOF-74-Fe.
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[bookmark: _Toc110068007]Figure S10. (a) Fe K-edge XANES spectra of MIL-53(Fe)-2OH, MOF-74-Fe, and Fe reference compounds. (b) Edge-jump energies (at 50% level) of Fe K-edge XANES spectra for the synthesized MIL-53(Fe)-2OH and MOF-74-Fe under Fe references compounds.
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[bookmark: _Toc110068008]Figure S11. FT-EXAFS fitting curves of the (a) MIL-53(Fe)-2OH and (b) MOF-74-Fe at k space.
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[bookmark: _Toc110068009]Figure S12. Fitting result of the FT-EXAFS for (a) MIL-53(Fe)-2OH and (b) MOF-74-Fe at Fe K-edges.
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[bookmark: _Toc110068010]Figure S13. Schematic structure of MIL-53(Fe)-2OH built using VESTA and refined using MIL-53(Fe) structure (CCDC No. 734218).
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[bookmark: _Toc110068011]Figure S14. Schematic structure of MOF-74-Fe built using VESTA and refined using MOF-74 structure (CCDC No. 1494751).


[image: ]
[bookmark: _Toc110068012]Figure S15. N2 adsorption-desorption isotherms of (a) MIL-53(Fe)-2OH and (b) MOF-74-Fe.
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[bookmark: _Toc110068013]Figure S16. (a-d) SEM images of MIL-53(Fe)-2OH.
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[bookmark: _Toc110068014]Figure S17. TEM images of MIL-53(Fe)-2OH.
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[bookmark: _Toc110068015]Figure S18. (a-d) SEM images of MOF-74-Fe.
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[bookmark: _Toc110068016]Figure S19. TEM images of MOF-74-Fe.
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[bookmark: _Toc110068017]Figure S20. Comparison of the Overpotentials at the current density of 10 mA cm−2 and Tafel slopes of the MIL-53(Fe)-2OH, MOF-74-Fe, IrO2 and NF.
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[bookmark: _Toc110068018]Figure S21. Cyclic voltammograms (CV) at various scan rates of 10, 20, 30, 40, and 50 mV s−1 for (a) MIL-53(Fe)-2OH, (b) MOF-74-Fe, (c) IrO2 and (d) NF.
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[bookmark: _Toc110068019]Figure S22. Cdl for MIL-53(Fe)-2OH, MOF-74-Fe, IrO2, and NF.
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[bookmark: _Toc110068020]Figure S23. Specific current densities (jECSA) calculated from ECSAs and LSV results.
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[bookmark: _Toc110068021]Figure S24. (a) TOF curves and (b) the comparison of TOF for the MIL-53(Fe)-2OH, MOF-74-Fe and IrO2 catalysts at the overpotential of 300 mV.
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[bookmark: _Toc110068022]Figure S25. (a) Mass activity curves and (b) the comparison of mass activity for the MIL-53(Fe)-2OH, MOF-74-Fe and IrO2 catalysts at the overpotential of 300 mV.
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[bookmark: _Toc110068023]Figure S26. The site-dependent PDOS of C-2p in MOF-74-Fe
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[bookmark: _Toc110068024]Figure S27. The formation energy of OH vacancies in MOF-74-Fe and MIL-53(Fe)-2OH.
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[bookmark: _Toc110068025]Figure S28. The reaction trend of OER under U= 0 V on MOF-74-Fe and MIL-53(Fe)-2OH.
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[bookmark: _Toc110068026]Figure S29. The reaction trend of OER under U = 1.23 V on MOF-74-Fe and MIL-53(Fe)-2OH.
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[bookmark: _Toc110068027]Figure S30. Schematic demonstration of OER reaction mechanism of MIL-53(Fe)-2OH.
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[bookmark: _Toc110068028]Figure S31. Schematic demonstration of OER reaction mechanism of MOF-74-Fe.
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[bookmark: _Toc110068029]Figure S32. OER polarization curves of MIL-53(Fe)-2OH, MOF-74-Fe, and commercial IrO2 catalysts after the stability tests at 100 mA cm−2.
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[bookmark: _Toc110068030]Figure S33. Polarization curves of MOF-74-Fe before and after stability tests at a current density of 100 mA cm−2 for 100 h.
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[bookmark: _Toc110068031]Figure S34. Polarization curves of IrO2 before and after stability tests at a current density of 100 mA cm−2 for 24 h.
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[bookmark: _Toc110068032]Figure S35. (a) Cyclic voltammograms (CV) at various scan rates of 10, 20, 30, 40, and 50 mV s−1 and (b) Cdl for MIL-53(Fe)-2OH after the stability tests at a current density of 100 mA cm−2 for 100 h.
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[bookmark: _Toc110068033]Figure S36. (a) Cyclic voltammograms (CV) at various scan rates of 10, 20, 30, 40, and 50 mV s−1 and (b) Cdl for MOF-74-Fe after the stability tests at a current density of 100 mA cm−2 for 100 h.
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[bookmark: _Toc110068034]Figure S37. (a) Cyclic voltammograms (CV) at various scan rates of 10, 20, 30, 40, and 50 mV s−1 and (b) Cdl for the commercial IrO2 catalyst after the stability tests at a current density of 100 mA cm−2 for 24 h..
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[bookmark: _Toc110068035]Figure S38. Nernst plots of MIL-53-2OH before and after the stability tests at 100 mA cm−2 for 100 h.
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[bookmark: _Toc110068036]Figure S39. Nernst plots of MOF-74-Fe before and after stability tests at 100 mA cm−2 for 100 h.
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[bookmark: _Toc110068037]Figure S40. Nyquist plots of IrO2 before and after stability test at current density of 100 mA cm−2 for 24 h.



[bookmark: _Toc110068038]Figure S41. XRD pattern of MIL-53(Fe)-2OH after the stability test.




[bookmark: _Toc110068039]Figure S42. XRD pattern of MOF-74-Fe after the stability test.
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[bookmark: _Toc110068040]Figure S43. The high-resolution XPS spectra of (a) Fe 2p and (b) O 1s of MIL-53(Fe)-2OH after the stability test at a constant current density of 100 mA cm−2 for 100 h.
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[bookmark: _Toc110068041]Figure S44. FESEM images of MIL-53(Fe)-2OH after the stability test at 100 mA cm−2 for 100 h.
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[bookmark: _Toc110068042]Figure S45. FESEM images of MOF-74-Fe after the stability test at 100 mA cm−2 for 100 h.
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[bookmark: _Toc110068043]Figure S46. (a) HRTEM images of MIL-53(Fe)-2OH, (b) TEM, and (c) HRTEM images of the MIL-53(Fe)-2OH catalyst after 100 h OER stability test at 100 mA cm−2.
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[bookmark: _Toc110068044]Figure S47. (a) HAADF-STEM image and the corresponding mapping of (b) O, (c) Fe, (d) C elements for the MIL-53(Fe)-2OH catalyst after 100 h OER stability test at 100 mA cm−2.
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[bookmark: _Toc110068045]Figure S48. (a) Kinetic current density with the best OER kinetic fitting for MIL-53(Fe)-2OH before the stability test. (b) Free energy diagram of the MIL-53(Fe)-2OH before the stability for 100 h at 100 mA cm−2. 
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[bookmark: _Toc110068046]Figure S49. (a) Kinetic current density with the best OER kinetic fitting for MIL-53(Fe)-2OH after the stability test. (b) Free energy diagram of the MIL-53(Fe)-2OH after the stability for 100 h at 100 mA cm−2.



[image: ]
[bookmark: _Toc110068047]Figure S50. Fractional coverage of the intermidates (a) O*, (b) OH* and (c) OOH* for MIL-53(Fe)-2OH before and after the stability for 100 h at 100 mA cm−2.


[bookmark: _Toc110068048]3. Supplemental Tables
[bookmark: _Toc110068049]Table S1. The Fe-, C- and O- content of MIL-53(Fe)-2OH and MOF-74-Fe, measured by the corresponding XPS date.
	Sample
	Surface chemistry (XPS)

	
	Fe (at.%)
	C (at.%)
	O (at.%)

	MIL-53(Fe)-2OH
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]3.3
	62.4
	34.3

	MOF-74-Fe
	3.6
	62.4
	34.0

	MIL-53(Fe)-2OH after stability test (@100mA cm-2) 
	4.3
	36.5
	59.2




[bookmark: _Toc110068050]Table S2. The Fe-, C- and O- content of MIL-53(Fe)-2OH and MOF-74-Fe, measured by the corresponding SEM-EDS date.
	Sample
	SEM-EDS

	
	Fe (at.%)
	C (at.%)
	O (at.%)

	MIL-53(Fe)-2OH
	5.34
	54.85
	36.39

	MOF-74-Fe
	4.37
	59.8
	34.49



[bookmark: _Toc110068051]
Table S3. Fitting parameters of Fe K-edge EXAFS curves.
	Sample
	[bookmark: OLE_LINK1]Path name
	N
	R/Å
	σ2 /Å2
	ΔE0/eV
	R factor

	MIL-53(Fe)-2OH
	Fe–O
	6.67 (±0.38)
	1.976 (±0.04)
	0.008
	11.58 (0.644)
	0.006

	
	Fe–O–C
	4.29 (±2.85)
	3.179 (±0.008)
	0.004
	11.58 (0.644)
	0.006

	MOF-74-Fe
	Fe–O
	6.28 (±0.40)
	1.996 (±0.045)
	0.007
	[bookmark: OLE_LINK4]13.75 (0.042)
	0.010

	
	Fe–O–C
	1.01 (±0.77)
	2.853 (±0.77)
	0.004
	13.75 (0.042)
	0.010


N, R, σ2, ΔE0, and R factor represent coordination number, distance between absorber and backscatter atoms, and the goodness of the fit, respectively. Fitting range: 2 ≤ K ≤ 12.42; Fitting range: 1.0 ≤ R (Å) ≤ 3.


[bookmark: _Toc110068052]Table S4. The OER performance of the prepared catalysts in 1.0 M KOH.
	Catalyst
	MIL-53(Fe)-2OH
	MOF-74-Fe
	IrO2
	NF

	Overpotential (mV)
@10 mA cm−2
	215
	242
	335
	396

	Overpotential (mV)
@50 mA cm−2
	250
	273
	410
	507

	Overpotential (mV)
@100 mA cm−2
	266
	289
	454
	543

	Overpotential (mV)
@500 mA cm−2
	314
	354
	588
	/

	Tafel plots
(mV dec−1)
	45.4
	49.5
	99.7
	108.2

	Cdl (mF cm−2)
	4.2
	4.1
	3.0
	2.6





[bookmark: _Toc110068053]Table S5. Turnover frequency (TOF) and mass activity (MA) of different catalysts.
	Catalyst
	TOF (s−1)
	MA (A g−1)

	
	@ η = 300 mV
	@ η = 250 mV
	@ η = 300 mV
	@ η = 250 mV

	MIL-53(Fe)-2OH
	1.44
	0.498
	357.9
	120.1

	MOF-74-Fe
	0.59
	0.178
	163.6
	44.14

	IrO2
	0.0177
	0.014
	62.34
	51.4





[bookmark: _Toc110068054]Table S6. Comparison of OER performance between MOFs and reported in recent literatures.
	Ligand structure
	Catalyst
	Electrolyte
	Overpotential
@10 mA cm−2 (mV)
	Tafel slope
(mV dec−1)
	Substrate
	Ref.

	

	MIL-53(Fe)-2OH
	1 M KOH
	215
	45.4
	NF
	This work

	

	MOF-74-Fe
	1 M KOH
	242
	49.5
	NF
	This work

	

	Co4Ni1P
	1 M KOH
	245
	61
	GCE
	15

	

	Fe2O3@Ni-MOF-74
	1 M KOH
	264
	48
	GCE
	16

	

	Fe(OH)3@Co-MOF-74
	1 M KOH
	292
	44
	GCE
	17

	

	FeCo-MNS-1.0
	0.1M KOH
	298
	21.6
	NF
	18

	

	Fe:2D-Co-NS
	0.1M KOH
	211
	43
	NF
	19

	

	Ni2P/rGO
	1 M KOH
	260
	62
	GCE
	20

	

	NiCo/Fe3O4/MOF-74
	0.1M KOH
	238
	29
	GCE
	21

	

	NiO–MOF-74
	1 M KOH
	320
	105
	GCE
	22

	

	Co0.6Fe0.4-MOF-74
	1 M KOH
	280
	56
	RDE
	23

	

	Mn0.52Fe0.71Ni-MOF-74
	1 M KOH
	232@20
268@100
	36.7
	NF
	24

	

	Co,Fe-MOF-74/Co/CC-2
	1 M KOH
	226@20
	85.1
	CC
	25

	

	FeCoNi-MOFs
	1 M KOH
	254
	21.4
	GCE
	26

	

	NiFe-MOF-74
	1 M KOH
	223
	76
	NF
	27

	

	Ni-Fe-MOF NSs
	1 M KOH
	221
	56
	GCE
	28

	

	Fe-MOFs-NHCHO
	1 M KOH
	246
	37.5
	NF
	29

	

	Fe-MOFs-NO2
	1 M KOH
	257
	38.3
	NF
	29

	

	Fe-MOFs
	1 M KOH
	283
	41.6
	NF
	29

	

	(U+S)-CoFe-MOF
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]1 M KOH
	277
	31
	GCE
	30

	

	Ni-BDC@NiS
	1 M KOH
	330
	62
	Ni
	31
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