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S1.1 Electrochemical measurements
[bookmark: _Hlk150810142][bookmark: _Hlk18048588][bookmark: _Hlk150810255][bookmark: _Hlk158241407][bookmark: _Hlk150809544]The electrochemical measurements were performed in a single-chamber three-electrode reactor with a CHI660e electrochemical analyzer (CH Instruments, Inc., Shanghai). For high current density durability tests at 500 mAcm⁻2, we used the DH7000D analyzer (Donghua Analytical Instruments Co., Ltd., Jiangsu, capable of ±1 A). The catalysts coated on Carbon Fiber Paper (CFP) were used as the working electrode, the Hg/HgO reference electrode was used as the reference electrode, and a graphite rod was used as the counter electrode. The Hg/HgO electrode converted to a reverse hydrogen electrode (RHE) has been calibrated (see Fig. S11). In this study, E(RHE) = E(Hg/HgO) + 0.9153 V. Each catalyst (2 mg) was dispersed with Nafion (20 μL, 5 wt% in a mixture of lower aliphatic alcohol and water in alcohol (180 μL). The mixture was sonicated for 30 min to form a uniform catalyst ink. 50 µL of the dispersion of homogeneous ink was loaded onto a 2×0.5 cm2 carbon fiber paper (CFP) electrode with an effective area of 1×0.5 cm2 and allowed to dry naturally at room temperature. The loading amount of the electrocatalysts on CFP was calculated to be 1 mg cm−2.
[bookmark: _Hlk147669315]Cyclic voltammetry with a scan rate of 5 mV s−1 was conducted for 40 cycles to activate the working electrode. The linear sweep voltammetry measurements were conducted with a scan rate of 5 mV s−1 in 1.0 M KOH solution. Before the experiment, the electrolyte solution was bubbled with Ar (99.999%) for 30 minutes to ensure the formation of an inert gas-saturated solution. The electrochemical impedance spectroscopy (EIS) was carried out at 1.56 V vs. RHE in a frequency range from 100 kHz to 10 mHz with an amplitude of 5 mV. All polarization curves were recorded with 100% iR correction. Unless otherwise explicitly stated, all current densities mentioned herein refer to values normalized per geometric area. Tafel plot of the overpotential vs. log (j) was calculated by fitting the linear portion at low overpotential to the Tafel equation (η = a + b log j, where η is the overpotential, j is the anodic current density, and b is the Tafel slope). The electrochemical surface area (ECSA) of the electrode was evaluated from their double-layer electrochemical capacitances (Cdl) in a non-faradic region by a simple cyclic voltammetry method. By plotting the capacitive currents (janodic – jcathodic) / 2 vs. scan rate, the Cdl at the solid–liquid interface of materials can be estimated from the slope. The ECSA of a catalyst is proportional to its Cdl: ECSA = , where Cs is assumed to be 0.040 mF cm-2 [S1]. The stability tests were also performed using a typical three-electrode system. The specific activity values were calculated from the normalized ECSA values. Mass activity values were calculated from the electrocatalyst loading m (1 mg cm-2) and the measured current density j at η = 300 mV according to the equation: Mass activity =. The TOF value was calculated by the equation: TOF = , where I is the current at η = 300 mV, F is Faraday’s constant, α is the number of electrons consumed to form one O2 molecule from water (4 electrons for OER), and n is the number of active sites (See details from TOF calculation part).
S1.2 DFT calculations
All DFT calculations were performed using the Quantum ESPRESSO package [S2]. A monolayer Ni(OH)2 was constructed along the [0001] direction, with the interplanar spacing fixed at 7.6 Å to match the experimental observations. The geometries were taken from Sharon Hammes-Schiffer et.al. [S3], and the atomic positions were relaxed at the PBE+U level with ortho-atomic projections and spin polarization, wherein the PBE exchange-correlation functional was augmented with Hubbard U corrections (U = 5.5 eV for Ni 3d and U = 5.3 eV for Fe 3d) to capture correlation of the Ni and Fe 3d electrons. To account for the core electrons, ultrasoft (For Ni, H, and P) and PAW pseudopotentials, (for Fe and O) taken from the SSSP Library were used [S4]. We employed a kinetic energy cutoff of 60 Ry for the wavefunctions and 480 Ry for the charge density. Brillouin zone integrations employed a -centered (2 × 2 × 2) k-point mesh, with Fermi-Dirac smearing of 0.005 Ry. After full structural optimization, the electronic density of states (DOS) was calculated using the screened hybrid HSE functional, incorporating 15% exact exchange. For the HSE calculations, the geometries optimized at the PBE+U level were kept fixed, and optimized norm-conserving Vanderbilt (ONCV) pseudopotentials [S5] were used for all elements to ensure reliable treatment of the nonlocal Fock exchange. The plane-wave cutoff energies were increased to 80 Ry for wavefunctions, and reduced to 320 Ry for charge density, and 160 Ry for the exact exchange, with the same (2 × 2 × 2) k-point mesh. Marzari-Vanderbilt smearing (width 0.001 Ry) was employed, and the Gygi-Baldereschi method was used for the treatment of exact exchange divergence. The Gibbs free energy of the OER intermediates was calculated using the computational hydrogen electrode model [S6] nd is given by G = Etot-sys + EZPE -TS, where Etot-sys is the DFT energy, EZPE is the zero point energy, T is the room temperature, and S is the entropy, which is taken as non-zero only for the aqueous and gas phase species. The reaction free energy (∆G) of each intermediate step was found using 
 					                   (S1)
                                               (S2)
 					                   (S3)
     	                             (S4)
and the theoretical overpotential is calculated as
η = max[∆G1, ∆G2, ∆G3, ∆G4 ]  Ueq, where Ueq= 1.23 eV [S6]. 
Due to the limitations of DFT in accurately predicting the high-spin ground state of the O2 molecule, its free energy (GO2(g)) is estimated using the relation 
 						                   (S5)
where 4.92 eV is the total standard free energy change for the water splitting reaction [S7].
The free energy of gaseous phase H2O at 0.035 bar was taken as the reference state since at this pressure gas phase H2O is in equilibrium with liquid water at room temperature [S8].
Table S1 Zero-point energy and entropy at room temperature
	
	ZPE (eV)
	TS (eV)

	*OH
	0.386
	0.07

	*O
	0.084
	0.05

	*OOH
	0.457
	0.16

	H2O 
	0.56
	0.583

	H2
	0.27
	0.404


The entropy and zero-point energy values listed in Table 1 were sourced as follows: gas-phase values were taken from the NIST Computational Chemistry Comparison and Benchmark Database [S9] while values for adsorbed species were taken from a previous study [S10]. 
Supplementary Figures and Tables
[image: ]
Fig. S1 Catalytic performance evaluation of catalysts obtained using different phosphorus precursor amounts. a Polarization curves (backward-scan profiles) at a scan rate of 5 mV s–1. b Overpotentials at current densities of 10, 50, and 100 mA cm−2. c Tafel plots. d Nyquist plots.

Discussion on Fig. S1: To quantitatively investigate the correlation between phosphorus content and OER performance, we prepared a series of NiFeP catalysts with varying phosphorus contents by adjusting the amount of P precursor (NaH2PO2) from 0.1g to 2.0 g during the phosphidation step. After identical electrochemical activation (CV + LSV), the OER performance was measured and the residual phosphate content in each activated catalyst was determined by STEM-EDX. 
As shown in Fig. S1, we observed a clear correlation between use of P precursor amount and OER performance, with the catalyst using 0.2 g of NaH2PO2 precursor exhibiting the best performance. Subsequent EDX analysis revealed that the residual phosphorus content in the activated catalysts was roughly proportional to the amount of P precursor used (Table S1). This result suggests that a moderate amount of intercalated PO43⁻ is sufficient to achieve the desired redox‑buffering effect (see our DFT calculations) without blocking active sites.
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Fig. S2 a SEM image and b XRD patterns of pre-Ni. 
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Fig. S3 a TEM image, b HAADF-STEM image, and c-f corresponding elemental mappings of the pre-Ni.
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Fig. S4 a SEM image and b XRD patterns of pre-NiFe. Inset is SEM-EDX spectrum of pre-NiFe. 
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[bookmark: OLE_LINK35]Fig. S5 a TEM image, b HAADF-STEM image, and c-f corresponding elemental mappings of the pre-NiFe.
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Fig. S6 a SEM image and b XRD patterns of NiFeP. Inset is SEM-EDX spectrum of NiFeP. 
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Fig. S7 a TEM image and b HAADF-STEM image of coating layers of as-prepared NiFeP. c-g Corresponding elemental maps and EDX line profiling spectra of NiFeP.
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Fig. S8 a SEM image and b XRD patterns of NixPy. 
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Fig. S9 a TEM image, b HAADF-STEM image, and c-f corresponding elemental maps of the NixPy.
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Fig. S10 a SEM image and b XRD patterns of NiFeO. 
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Fig. S11 a TEM image, b HAADF-STEM image, and c-f corresponding elemental maps of the NiFeO.



Fig. S12 LSV curves of Hg/HgO electrode vs. RHE.
The Hg/HgO reference electrode was calibrated using a standard three-electrode setup in 1.0 M KOH electrolyte, with a platinum counter electrode and a platinum mesh working electrode. Before measurement, the electrolyte was saturated with high-purity hydrogen (99.999%). Linear sweep voltammetry (LSV) was conducted at a scan rate of 2 mV s-1. All measurements were performed in triplicate to ensure reproducibility, as summarized in Fig. S12. The thermodynamic potential for the hydrogen electrode reaction was determined as the electrode potential at zero current. Based on the average of three independent measurements, the conversion relationship was established as E(RHE) = E(Hg/HgO) + 0.9153 V.

[image: ]
Fig. S13 CV curves of the as-synthesized NiFeP and pre-NiFe.

[image: ]
Fig. S14 Polarization curves (backward-scan profiles) of NiFeP-A at the large current densities. [image: ]
Fig. S15 CV curves of the catalysts recorded in the non-Faradaic regions at scanning rates from 10 mV/s to 100 mV/s. a pre-NiFe-A. b NiFeP-A. c NiFeO-A. d NixPy-A. e RuO2. f Double-layer capacitances (Cdl). g ECSA values.
[image: ]
Fig. S16 Polarization curves of NiFeP before and after 10000 cycles. 
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Fig. S17 a LSV curves of the Pt/C || NiFeP-A two electrode system and commercial Pt/C || RuO2 system in 1 M KOH solution. b Stability tests of the Pt/C || NiFeP-A two electrode system at a current density of 100 mA cm−2 and 500 mA cm−2. 
TOF calculation
TOF = 
Number of oxygen turnover (mol/s) = 
Thus, TOF can be calculated with the equation:
TOF= 
where I is the current obtained from the LSV tests at the overpotential of 300 mV, F is the Faradaic constant of 96485.3 C / mol.
The number of active sites (n) was determined by the total loading mass, which is in an underestimated way, via equation [S11]
Number of active sites (mol) = 
Where γNiFe/NiFePOH is the mass ratio of NiFe in NiFeP-A (NiFePOH) (Ni:Fe:P:O = 0.77:0.23:013:2.49), Mw is the molecular weight of NiFeP-A. 
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Fig. S18 IL-TEM images of NiFeP before (left) and after 1.82 VRHE for 20 min (middle), 60 min (middle), and 120 min (right) electrolysis in different areas.
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Fig. S19. Comparison of Ni and Fe concentrations in fresh and NiFeP-activated alkaline media measured by ICP-MS.
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Fig. S20 Morphological and compositional analyses of NiFeP after CV scans. a, c TEM images. b, d HAADF-STEM images and elemental maps.
[image: ]
Fig. S21 a HAADF-STEM image and b-e elemental maps of the NiFeP-A catalyst.

[image: ]
Fig. S22 XPS spectra of NiFeP-A and after the durability test. 
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Fig. S23 EELS analysis of a NiFeP and b NiFeP-A.

[image: ]
Fig. S24 Structural and chemical analyses of the NiFeP-A after stability test. a HRTEM image. b, c Enlarged HRTEM images from the dotted squares indicated in a. d SAED patterns. e HAADF-STEM image and e-i corresponding elemental mappings. j EDX analysis of NiFeP-A after long-term stability experiments. 

[image: ]
Fig. S25 Structural and chemical analyses of the NixPy-A. a TEM image. b HRTEM image. c SAED pattern. d-g HAADF-STEM image and corresponding elemental mappings.

[image: ]
Fig. S26 TEM images, SAED patterns, HAADF-STEM images, and corresponding elemental mappings of a-f NiFeO and g-l NiFeO-A.
[image: ]
Fig. S27 Structural analyses of the pre-NiFe-A. a HRTEM image. b, c Enlarged HRTEM images from the dotted squares indicated in a. d-f HAADF-STEM image and corresponding elemental maps. Inset of d shows an EDX spectrum of the sample, which demonstrates the absence of Fe signal in pre-NiFe-A.

[image: ]
[bookmark: _Hlk166078817]Fig. S28 Fe concentrations in basic media (1.0 mol/L KOH) before and after activation of pre-NiFe measured by ICP-MS. 
Control Experiment
In order to determine whether iron is lost due to the heating process or the introduction of P, we synthesized pre-NiFe-Ar by heating pre-NiFe in an Ar atmosphere and conducted XRD, TEM, and OER test (see Figs. S29-S31). Pre-NiFe-Ar-A displayed a much inferior OER activity compared with NiFeP-A, indicating that the introduction of P played an important role in promoting electrocatalytic performance. Besides, TEM characterization of pre-NiFe-Ar-A (after CV and LSV activation) revealed that the morphology and structure remained unchanged, while EDX analysis showed that the initial atomic ratio of Ni:Fe (3.8:1) was preserved after activation, further indicating that Fe in pre-NiFe-Ar can be maintained through a heating process. Furthermore, by comparing pre-NiFe-Ar-A with NiFeP-A, we can conclude that the introduction of P could indeed induce the morphology changes.
Synthesis of pre-NiFe-Ar
The whole synthesis process is similar to that of NiFeP, except that Phosphorus sources are not applicable.
Characterizations of pre-NiFe-Ar
The morphology and structure of pre-NiFe-Ar are exhibited in Figs. S29 and S30. XRD patterns (Fig. S29) demonstrate that the crystallographic structure of the pre-NiFe-Ar can be assigned to the mixture of Ni3Fe (JCPDS 88-1715) and Ni1.43Fe1.7O4 (JCPDS 80-0072), which is due to the inevitable oxidation (oxygen in bulk pre-NiFe) of the air during the reaction. TEM images imply that pre-NiFe-Ar shows same morphology with pre-NiFe precursor, while EDX shows the Ni/Fe/O atomic ratio in pre-NiFe-Ar is 3.8:1:4.3 (Fig. S30).

[bookmark: _Hlk186998282][image: ]
Fig. S29 XRD patterns of pre-NiFe-Ar.
[image: ]
[bookmark: _Hlk214463628]Fig. S30 a HAADF-STEM image and b-d corresponding elemental maps of pre-NiFe-Ar.

[image: ]
Fig. S31 a TEM and b HRTEM images. Inset of b shows corresponding FFT image. c HAADF-STEM image and d-f corresponding elemental maps of pre-NiFe-Ar-A.
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[bookmark: _Hlk186999629][bookmark: _Hlk141532447][bookmark: _Hlk182925436]Fig. S32 OER performance of pre-NiFe-A, pre-NiFe-Ar-A, and NiFeP-A in 1.0 M KOH. a Polarization curves. b Tafel plots. c The Nyquist plots.

[image: ]
Fig. S33 Stability test of pre-NiFe-A at the current density of 10 mA cm−2 for 100 h.

[bookmark: _Hlk141568942][bookmark: _Hlk171283347]As shown in Figs. S32 and S33, the pre-NiFe-Ar-A showed a higher overpotential (η10 = 299 mV), a higher Tafel slope (43.0 mV dec⁻1), and a larger charge-transfer resistance (2.97 ohm) compared to NiFeP-A. These results demonstrated that the pre-NiFe-Ar-A had much inferior OER activity compared with NiFeP-A, indicating that the introduction of P played an important role in electrocatalytic performance. Moreover, TEM showed the morphology and composition of pre-NiFe-Ar-A were preserved after CV and LSV activation (Fig. S31), demonstrating that Fe in pre-NiFe can be retained through heating process other than phosphating process.

[image: ]
Fig. S34 a, b Comparison of Nyquist plots at 1.56 V vs. RHE of pre-Ni in 1.0 M KOH electrolyte with 0.05 M concentrations of PO43⁻ under different pretreatments.


[image: ]
Fig. S35 The optimal atom model. Atom coloring: Ni: blue, Fe: yellow, O: red, H: grey, P: green.
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Fig. S36 The optimal atom model. Atom coloring: Ni: blue, Fe: yellow, O: red, H: grey, P: green.

[image: ]
Fig. S37 The optimal atom model. Atom coloring: Ni: blue, Fe: yellow, O: red, H: grey, P: green.

[image: ]
Fig. S38 Projected density of states (pDOS) for Ni0.75Fe0.25OOH-PO43⁻. 
[image: ]
Fig. S39 The free energy profile of Fe0.25Ni0.75OOH0.5 and Fe0.25Ni0.75OOH0.5- PO43⁻.


[image: ]
Fig. S40 The free energy profile of OHvac - Fe0.25Ni0.75OOHx and Ovac - Fe0.25Ni0.75OOHx.
[image: ]
Fig. S41 The free-energy profiles for Fe0.25Ni0.75OOH0.5, Fe0.25Ni0.75OOH0.5-PO43⁻, NiOOH0.5 and NiOOH0.5-PO43⁻. 

Table S1 Elemental analysis of catalysts obtained using different amounts of phosphorus precursor (NaH2PO2) and after CV+LSV measurements
	Catalyst
	Ni
	Fe
	P
	O

	NiFeP-A-0.2 g (NiFeP-A)
	22.06%
	7.41%
	0.83%
	69.69%

	NiFeP-A-0.1 g
	22.73%
	7.36%
	0.15%
	69.76%

	NiFeP-A-1.0 g
	25.14%
	8.32%
	1.44%
	65.10%

	NiFeP-A-2.0 g
	22.86%
	7.38%
	2.36%
	67.54%




Table S2 ICP-OES of NiFeP
	Element
	Ni
	Fe
	P

	Mass ratio in NiFeP, %
	33.97%
	10.78%
	24.67%

	Molar ratio in NiFeP (normalized to Fe)
	3
	1
	4.13



Table S3 Comparison of the overpotential (at 500 mA cm−2) of our catalyst with recently reported OER catalysts in 1.0 M KOH
	Catalysts
	Overpotential @500 mAcm−2
	Ref.

	NiFeP-A
	500
	This work

	αβ1-Ni(OH)2
	590
	[S12]

	NiCo/NF
	507
	[S13]

	FeS@Fe2B/IP
	520
	[S14]

	α-Co(OH)2
	630
	[S15]

	Co-CoOx@NOC-0.1KNO3
	612
	[S16]

	FeCoNiMoW
	600
	[S17]

	FeCoCrNiTi0.6 (HEA)
	655
	[S18]

	NiS-FeS@IF
	563
	[S19]

	CeO2-NiFeOxHy
	659
	[S20]

	POM-CTAB-Co
	770
	[S21]

	P-NiO
	560
	[S22]

	CD@Ni0.6Fe0.4OOH/CP
	750
	[S23]



Table S4 Comparison of the overpotential (at 10 mA cm-2) and the Tafel slope of NiFeP-A with recently reported NiFeP OER catalysts in 1.0 M KOH
	Catalysts
	Overpotential
(10 Ma cm-2)
	Tafel slope
(mV/dec)
	Ref.

	NiFeP-A
	225
	32
	(This work)

	NiFeP/g-C3N4
	232
	103
	[S24]

	NiFeP/FP-2
	235
	114.26
	[S25]

	NiFeP-Sn/NM
	239
	52.1
	[S26]

	(Ni0.75Fe0.25)2P@MXene
	240
	65.5
	[S27]

	NiFeP/NPC OHS
	243
	57
	[S28]

	YRO@D-NiFeP/Ru
	260
	42.4
	[S29]

	La0.3-NiFeP
	271
	78
	[S30]

	NiFeP/CoP
	274
	70
	[S31]

	NiFeP@FPs
	282
	63.41
	[S32]

	NiFeP/MXene
	286
	35
	[S33]

	NiFeP/NiS-A
	295
	52.3
	[S34]



Table S5 Fitting parameters of the electrochemical impedance spectra of as-prepared catalysts for OER measured at an overpotential of 330 mV
	[bookmark: _Hlk141557661]Catalysts
	η (mV)
	Rs (ohm)
	Rct (ohm)

	pre-NiFe-A
	330
	3.21
	3.80

	NiFeP-A
	330
	2.54
	1.36

	NiFeO-A
	330
	2.97
	2.09

	NixPy-A
	330
	2.41
	3.55

	RuO2
	330
	2.71
	9.05


ƞ: overpotential
Rs: The solution and electrode resistance
Rct: The charge transfer resistance

Table S6 TOFs of pre-NiFe-A, NiFeP-A, NiFeO-A, NixPy-A, and RuO2
	Catalysts
	Molecular formula
	Molecular weight
	Mass ratio
	n (mol)
	j (mA)
	TOF (s-1)

	pre-NiFe-A
	Ni1O2.91
	105.25
	0.56
	2.66×10-6
	1.701
	0.0017

	NiFeP-A
	Ni0.77Fe0.23P0.13O2.49
	101.90
	0.57
	2.80×10-6
	153.4
	0.14

	NiFeO-A
	Ni0.76Fe0.24O1
	74.01
	0.78
	5.27×10-6
	5.254
	0.0026

	NixPy-A
	Ni1P0.17O2.64
	106.19
	0.55
	2.59×10-6
	5.675
	0.0057

	RuO2
	RuO2
	133.10
	0.76
	2.86×10-6
	7.935
	0.0072



[bookmark: _Hlk140925206][bookmark: _Hlk157711115]Table S7 Comparison of TOF between NiFeP-A and recently reported OER catalysts in 1.0 M KOH.
	[bookmark: _Hlk157711205]Catalysts (1.0 M KOH)
	Overpotential (mV)
	TOF
	Ref.

	NiFeP-A
	300
	0.14
	This work

	RuO2
	300
	0.0072
	This work

	NiFe-OH/NiFeP/NF
	250
	0.036
	[S35]

	NiFeP@OCC
	400
	0.018
	[S36]

	H-CoSx@NiFe LDH/NF
	280
	0.067
	[S37]

	Ni3V1Fe1-LDH
	300
	0.0528
	[S38]

	Ni0.75V0.25-LDH
	350
	0.054
	[S39]

	RuNi7FeOx(OH)y @NCA
	278
	0.107
	[S40]

	Ru@Fe-Ni (OH)2/NF
	300
	0.062
	[S41]

	Fe3O4-NF
	300
	0.00312
	[S42]

	Co0.5V0.5@COF-SO3
	300
	0.098
	[S43]

	Cu-ZIF-400
	342
	0.0021
	[S44]

	Co3O4-TiO2
	370
	0.034
	[S45]


Table S8 Comparison of cell voltages at 10 mAcm−2 with state-of-the-art overall water splitting electrocatalysts in 1.0 M KOH
	Catalysts
	Cell voltage
	Ref.

	Pt/C || NiFeP-A
	1.51 V
	This work.

	Pt/C || RuO2
	1.56 V
	This work.

	MoP/NiFeP/CP || MoP/NiFeP/CP
	1.51 V
	[S46]

	NiP/NiFeP/C || NiP/NiFeP/C
	1.53 V
	[S47]

	CC-NC-NiFeP || CC-NC-NiFeP
	1.54 V
	[S48]

	Mo-NiFeP/NIF-2 || Mo-NiFeP/NIF
	1.55 V
	[S49]

	Pt/C || Mo51Ni40Fe9
	1.56 V
	[S50]

	Ni0.8Fe0.2P-C/NF || Ni0.8Fe0.2P-C/NF
	1.56 V
	[S51]

	CoP-NC@NFP || CoP-NC@NFP
	1.57 V
	[S52]

	NiFeP/CC|| NiFeP/CC
	1.57 V
	[S53]

	NiFeP/NFF || NiFeP/NFF
	1.58 V
	[S54]

	Pt/C || NiFeP/MXene
	1.61 V
	[S33]

	NiFeP/Zn || NiFeP/Zn
	1.65 V
	[S55]

	Pt/C || Fe-NiCoP
	1.71 V
	[S56]


Table S9 ICP-OES of NiFeP-A
	Element
	Ni
	Fe
	P

	Metallic mass ratio in NiFeP-A, %
	15.41%
	4.35%
	1.16%

	Metallic molar ratio in NiFeP-A (normalized to Fe)
	3.37
	1
	0.48



Table S10 The EXAFS fitting data of NiFeP and NiFeP-A at the Ni K-edge 
	Sample
	Path
	CN
	R(Å)
	2(×10−3Å2)
	E0 (eV)
	R-factor

	Ni foil
	Ni−Ni
	12*
	2.48±0.03
	5.9±0.3
	7.1±0.4
	0.0022

	NiO
	Ni−O
	7.9±1.3
	2.08±0.02
	6.1±2.4
	-2.9±0.9
	0.0084

	
	Ni−Ni
	17.2±2.1
	2.95±0.01
	7.0±0.9
	-2.9±0.9
	

	NiFeP
	Ni−P
	7.1±0.6
	2.24±0.01
	10.1±1.3
	-6.2±1.2
	0.0066

	NiFeP-A
	Ni−O
	7.3±0.4
	2.02±0.08
	10.1±1.1
	-6.2±0.7
	0.0047

	
	Ni−(O) −M
	4.1±0.2
	3.04±0.08
	4.4±3.5
	-6.1±0.7
	


CN, coordination number. R, the distance to the neighboring atom. σ2, Debye-Waller factors. ΔE0, inner potential correction. The R-factor indicates the goodness of the fit. S02 was fixed to 0.75 according to the experimental EXAFS fit of Ni foil by fixing CN as the known crystallographic value. * This value was fixed during EXAFS fitting. 
Fitting range: 3.0 ≤ k (/Å) ≤ 12.5 and 1.0 ≤ R (Å) ≤ 3.0 (Ni foil).
3.0 ≤ k (/Å) ≤ 12.4 and 1.0 ≤ R (Å) ≤ 3.0 (NiO).
3.0 ≤ k (/Å) ≤ 12.4 and 1.2 ≤ R (Å) ≤ 2.5 (NiFeP).
3.0 ≤ k (/Å) ≤ 12.3 and 1.0 ≤ R (Å) ≤ 3.5 (NiFeP-A).
A reasonable range of EXAFS fitting parameters: 0.700 < S02 < 1.000; CN > 0; σ2 > 0 Å2; |ΔE0| < 10 eV; R-factor < 0.02. 
Table S11 Calculated Gibbs free energies and overpotential of OER on NiOOH0.5 and NiOOH0.5- PO43-
	Structure
	Reaction step
	∆G (eV)
	Overpotential (V)

	Ni4O8H2
	*+H2O(l)        *OH + (H+ + e-)
	2.11
	0.90

	
	*OH            *O + (H+ + e-)
	0.81
	

	
	*O + H2O(l)     *OOH + (H+ + e-)
	2.13
	

	
	*OOH           * + O2 + (H+ + e-)
	-0.13
	

	Ni4O8H2 - PO43-
	*+H2O           *OH + (H+ + e-)
	1.62
	
0.81

	
	*OH            *O + (H+ + e-)
	1.25
	

	
	*O + H2O(l)      *OOH + (H+ + e-)
	2.04
	

	
	*OOH           * + O2 + (H+ + e-)
	0.01
	


*Bold digits indicate ∆G max.

Table S12 Calculated Gibbs free energies and overpotential, η (V) of OER on Fe doped NiOOH0.5 and defective Fe doped NiOOH0.5
	Structure
	Reaction step
	∆G (eV)
	Overpotential (V)

	Fe0.25Ni0.75OOH0.5
	*+H2O(l)        *OH + (H+ + e-)
	1.97
	
0.84

	
	*OH            *O + (H+ + e-)
	0.91
	

	
	*O + H2O(l)     *OOH + (H+ + e-)
	2.07
	

	
	*OOH           * + O2 + (H+ + e-)
	-0.02
	

	Fe0.25Ni0.75OOH0.5- PO43-
	*+H2O(l)        *OH + (H+ + e-)
	1.67
	
0.52

	
	*OH            *O + (H+ + e-)
	1.07
	

	
	*O + H2O(l)     *OOH + (H+ + e-)
	1.75
	

	
	*OOH           * + O2 + (H+ + e-)
	0.43
	

	OHvac- Fe0.25Ni0.75OOHx
	*+H2O(l)        *OH + (H+ + e-)
	0.58
	
0.54

	
	*OH            *O + (H+ + e-)
	1.62
	

	
	*O + H2O(l)     *OOH + (H+ + e-)
	1.77
	

	
	*OOH           * + O2 + (H+ + e-)
	0.95
	

	Ovac - Fe0.25Ni0.75OOHx.
	*+H2O(l)        *OH + (H+ + e-)
	0.76
	
0.80

	
	*OH            *O + (H+ + e-)
	1.34
	

	
	*O + H2O(l)     *OOH + (H+ + e-)
	2.03
	

	
	*OOH           * + O2 + (H+ + e-)
	0.79
	


*Bold digits indicate ∆G max.
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