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Materials: Materials: Nickel nitrate hexahydrate (Ni(NOs),-6H,0), iron (III) nitrate
nonahydrate (Fe(NO;);-9H,0, Aladdin), ammonium fluoride (NH4F, Aladdin), urea
(CO(NH);,  Aladdin),  N,N-Dimethylformamide = (DMF,  Aladdin), p—
benzenedicarboxylic acid (CgH40,, Aladdin), sodium hypophosphite (NaH,PO,-H,0,
Aladdin), ethanol (Aladdin), Nafion (Sigma-Aldrich), IrO, (Sigma-Aldrich), Pt/C (20
wt%, Sigma-Aldrich). The purchased raw materials were used directly for the
experiment.

Preparation of precursor (Fey-Niyo-MOF/NF): Precursor Feg-Nigpo-MOF/NF was
prepared according to previous work with minor modifications.! First step,
Ni(NOs),-6H,0 (1.178 g), Fe(NO3);-9H,0 (0.181 g), CO(NH,), (1.2 g) and NH4F
(0.296 g) were dissolved in 80 mL of deionized water. The nickel foam (3 cm X 3.7 cm)
washed with ethanol was transferred to the hydrothermal kettle with the solution and
incubated at 120 °C for 6 h. The template (NiFe-LDH/NF) used for the subsequent
reaction was dried under vacuum. The second step, 3.5 mmol of CgH,O,,
Ni(NOj3),-6H,0 and Fe(NOj3);-9H,0 were uniformly dispersed in 70 mL of DMF (the
total amount of the metal salt was 5.25 mmol, wherein the ratio of the nickel salt to the
iron salt was 9 to 1). Then, 5 mL of ethanol and 5 mL of H,O were added dropwise.
Stirring was continued for 30 min. The resulting solution and template (NiFe-LDH/NF)
were transferred to a hydrothermal kettle at 120 °C for 12 h, and finally obtained Fey ;-
Nip9-MOF/NF. The precursors synthesized with different ratios of iron to nickel (0:1,
1:9, 2:8) were named FNM/NF-0, FNM/NF-1 and FNM/NF-2, respectively.

Preparation of (Fe( ;Nig¢),P(O)/NF: NaH,PO,-H,0 (1 g) was placed upstream of the



tube furnace, and the obtained FNM/NF-1 (1.7 cm x 1.5 cm) was placed downstream.
After that, a continuous flow of inert gas was maintained in the tube furnace, and the
temperature was raised to 300 °C for 2 h at a heating rate of 3 °C per minute to finally
obtain (Feg 1Nig),P(O)/NF. Ni,P(O)/NF and (Fe,Ni, g),P(O)/NF were obtained by the
same phosphating method using the FNM/NF-0 and FNM/NF-2 precursors,
respectively.

Electrochemical Measurements: OER and HER tests were performed at room
temperature using an electrochemical workstation (CHI660E, Shanghai, China). The
three-electrode system included a counter electrode (graphite rod), a reference electrode
(saturated Hg/HgO electrode), and a working electrode (FeNi; \P(O)/NF). Pt/C (IrO,)
ink was prepared by ultrasonication the mixture of 6 mg Pt/C (IrO,), 185 uL isopropyl
alcohol-water solution (the ratio of isopropyl alcohol to water is 9 to 1) and 15 uL 5
wt% Nafion. Then, the Pt/C (IrO,) ink was loaded on NF to obtain a mass loading of
20 mg cm2. Convert all potentials to reversible hydrogen electrode (RHE) following
the formula (E (RHE) = E (Hg/HgO) + 0.059 pH + 0.098 V). The obtained polarization
curves were iR-compensated. Electrochemical impedance spectroscopy (EIS) was
carried out at open circuit voltage with the frequency range of 10-! Hz to 10° Hz. The
double layer capacitance (Cg4) was determined by cyclic voltammetry curves measured
by scan rates of 40, 60, 80, 100 and 120 mV s°!. Faradaic efficiency test is to apply an
appropriate voltage to the electrocatalysts in the electrolytic cell to cause them to
generate hydrogen and oxygen, and collect the generated gas by the drainage method

(record data every 200 s).
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Fig. S1. (a) The atomic ratio of each element varies with Ar* etching time. XPS spectra
in the (b) Fe 2p, (c¢) Ni 2p and (d) P 2p spectra for (Fey;Nigo),P(O)/NF after 0, 10 and

20 min Ar" etching.
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Fig. S2. XRD patterns for Fe, ;-Niyo-MOF/NF, Ni,P(O)/NF and (Fe;,Nig3),P(O)/NF.



Fig. S3. TEM image of (F601N109)2P(O)fNF
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Fig. S4. OER polarization curves for Feg 1-Nigo-MOF/NF and (Fe( 1Nig9),P(O)/NF.
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Fig. S5. Cyclic voltammogram (CV) curve recorded for (Feq Nij9),P(O)/NF at a

sweep rate of 1 mV s in 1.0 M KOH.
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Fig. S6. HER polarization curves for Feg 1-Nigo-MOF/NF and (Fe( 1Nig9),P(O)/NF.
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Fig. S7. XRD patterns of (Fe, Nig9),P(O)/NF before and after OER test.



Fig. S8. The SEM image of catalyst after long-term CV stability testing of OER.
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Fig. S9. XPS spectra of (a) Fe 2p and (b) Ni 2p, and (c) Raman spectra for

(Feo.1Nig9),P(O)/NF before and after OER.
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Fig. S10. EIS plOtS of NIQP(O)/NF, (F601N109)2P(O)/NF and (F602N108)2P(O)/NF
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Fig. S11. CVs of (a) NIQP(O)/NF, (C) (FCQ]Nlog)QP(O)/NF and (C) (F€02N108)2P(O)/NF
and corresponding current densities of (b) Ni,P(O)/NF, (d) (Fey.1Nig9),P(O)/NF and (f)

(Feg2Nigg),P(O)/NF plotted as a function of scan rate.



Table S1. (Fey1Nigo),P(O)/NF compared to the OER performance of other highly

active OER electrocatalysts.

Overpotential (@)}
Electrocatalysts Electrolytes Ref.
(mV @ mA cm?)
(Feo.1Nig9),P(O)/NF 240@100 1 M KOH This work
(Feo.1Nig9),P(O)/NF 207@10 1 M KOH This work
Ni-Co-P HNBs 270@10 1 M KOH 2
CogesFeo 3P 289@10 1 M KOH 3
Co304@Ni,P-CoP/NF 298@50 1 M KOH 4
Ni, gsFeg.1sP/NF 270@20 1 M KOH 5
Ni-Fe-P 271@10 1 M KOH 6
W.sCop.4Feg 1/NF 250@10 1 M KOH 7
Fe(TCNQ)y/Fe 340@10 1 M KOH 8
Mn@CoMn; Oy 246@10 1 M KOH 9
CuCo,S, 295@100 1 M KOH 10
CoO 269@10 1 M KOH 11
NizS, 283@ 100 1 M KOH 12
Niy sFes sSg/NizS,INizFe 264@100 1 M KOH 13
CoFe,04 275@10 1 M KOH 14
NCNP 370@10 0.1 M KOH 15

Fe-doped B-Ni(OH), 219@10 1 M KOH 16




Table S2. (Fey1Nigo),P(O)/NF compared to the HER performance of other highly

active HER electrocatalysts.

Overpotential @)
Electrocatalysts Electrolytes Ref.
(mV@mA cm?)

(Fe.1Nig9),P(O)/NF 87@10 1 M KOH This work
Co-NC@Mo,C 9@10 1 M KOH 17
NiSe,-Ni,P/NF 102@10 1 M KOH 18

Cog.soFep41P 2@10 1 M KOH 19
C-WP/W 133@10 1 M KOH 20
Ni-FeP/C 95@10 1 M KOH 21

CosMo, P@NF 173@10 1 M KOH 22
Al-Doped Ni,P 129@10 1 M KOH 23
MoSe,—CoSe, 237@10 1 M KOH 24
CeO,—CusP 148@?20 1 M KOH 25
ZnS@C@MoS, 118@10 1 M KOH 26
NiCoP 105@10 1 M KOH 27
CoP, 184@10 1 M KOH 28
Co,P/carbon 121@10 1 M KOH 29
FeP 95@10 1 M KOH 30

(Fe-Ni)Co,~OH/NisS, 91@100 1 M KOH 31




Table S3. (Fey1Nigo),P(O)/NF compared to the water-splitting performance of other

highly active water-splitting electrocatalysts.

cell voltage@)j
Electrocatalysts Electrolytes Ref.
(V@mA cm?)
(Feo.1Nig9),P(O)/NF 1.50@10 1 M KOH This work
MoO,/NF 1.53@10 1 M KOH 32
IrW 1.60@10 0.1 M KOH 33
NiSe/Ni/NC 1.60@10 1 M KOH 34
CoFe@NiFe/NF 1.59@10 1 M KOH 35
Ni QD@NC@rGO 1.563@10 1 M KOH 36
NiFeOy 1.51@10 1 M KOH 37
Ni;Te, 1.66@10 1 M KOH 38
Fe-Ni;S,/NF 1.54@10 1 M KOH 39
Sulfur-doped CoP 1.78@100 1 M KOH 40
NiCo/NiCo,S4@NiCo 1.55@10 1 M KOH 41
Co-Mo,C@NC 1.83@10 0.1 M KOH 42
CoFe@NiFe/NF 1.59@10 1 M KOH 43
Ni;Sy/VSy 1.57@10 1 M KOH 44
Coy.75Nip25Se/NF 1.60@10 1 M KOH 45
NF/H-CoMoOy4 1.56@10 1 M KOH 46
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Video S1. The water-splitting process of the electrolyzer assembled from

(Feo.1Nig9)-P(O)/NF.



