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Experimental
Materials and Chemicals

All chemicals and reagents were used as received without further purification. The
chemical reagents, including cobalt(IT) nitrate hexahydrate (Co(NOs), -6H,0, 98%), 2-
methylimidazole (2-MIM, 99%), potassium hexacyanoferrate(Il) trihydrate
(K4[Fe(CN)¢]-3H,0, 98%), and sodium hypophosphite (NaH,PO,, 98%) were
purchased from Sinopharm Chemical Reagent Co., Ltd. Nickel foam (NF) was
obtained from J&K Chemical Technology and pretreated with 1 M HCI (30 min
immersion) followed by sequential rinsing with deionized water and ethanol.
Ruthenium (IV) oxide (RuO,), platinum-loaded carbon (Pt/C, 20 wt%), and Nafion
solution (5%) were commercially acquired.
Preparation of Pt/C and IrQO, electrodes

Commercial Pt/C or IrO, was dispersed into a solution containing ethanol,
deionized water and Nafion. After sonication for 30 min, the resulting suspension was
coated on 1 cm? of NF and then dried in an oven.
Characterization

The morphology and microstructure of the electrocatalysts were investigated using
a scanning electron microscope (SEM, Nova Nano SEM 450) equipped with an
energy dispersive X-ray spectrometer (EDS), and a transmission electron microscope
(TEM, FEI Tecnai TF20). X-ray diffraction (XRD) patterns were acquired by a
Bruker AXS D8 Advance X-ray diffractometer using Cu Ka radiation (A= 1.5406 A).

X-ray photoelectron spectroscopy (XPS) measurements were performed on a Thermo
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Scientific ESCA-Lab-200i-XL spectrometer. Electron paramagnetic resonance (EPR)
spectra were recorded by a Bruker EPR EMXPLUS 10/12 spectrometer at 100 K
temperature.
Electrochemical measurements
The electrochemical performance of the prepared electrocatalysts was evaluated by an
electrochemical workstation (CHI 760E, Shanghai Chenhua Instrument Co., Ltd.). All
the measurements were carried out in 1 M KOH electrolyte by assembling a three-
electrode cell, in which Hg/HgO, platinum wire and as-prepared electrocatalysts acted
as the reference, counter and working electrodes, respectively. The measured
potentials were all converted with reference to the reversible hydrogen electrode
(RHE) according the equation: £ (vs. SHE)=E (vs. Hg/HgO)+ 0.059xpH+0.098 V.
Tafel plots were collected from the linear part (y=a+blogj) of the function (7 vs. logj),
where b was the Tafel slope, j was the current density and a was a constant. The
measurement of electrochemical impedance spectroscopy (EIS) requires first
activating the catalyst through cyclic voltammetry (CV) (for example, 20 cycles) to
ensure stable performance. Subsequently, the EIS test is conducted at the target
reaction potential (for instance, HER close to 0 V vs RHE or OER above 1.23V vs
RHE), with the frequency typically ranging from 100 kHz to 0.01 Hz and an
amplitude of the sinusoidal voltage of 5 mV. Each current density measurement was
repeated twice to ensure data reliability and accuracy.

Cyclic voltammetry (CV) measurements were performance at different scan rate in

the non-faradaic potential range to obtain the double layer capacitance (Cg)). The Cy
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and electrochemical surface area (ECSA) were estimated by eq. (S1) and eq. (S2).
Cdl=Aj/2v (S1)

ECSA=Cdl/Cs (S2)

Which Aj is the current density difference between the anode and cathode, v is the
scan rate and C; is the specific capacitance, here use 40 mF cm=.

Bubbling method which recording data of the rising volume V (mL) of the soap
bubble and the total number of charges transferred under constant current (200 mA
cm?) was measured to calculate the Faraday efficiency (FE) as eq. (S1)

FE=4 * F * V/(1000 * V, * It) (S3)
Where F is the Faraday constant 96485 C mol-!, V is the volume change of oxygen or
hydrogen production (mL) and V,, is the molar volume (molar under normal

temperature and pressure, 24.5 L mol!)
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Figure S1. XRD patterns of ZIF-L
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Figure S2. XPS survey spectra of Fe-NiCoP and V,-Fe-NiCoP

Figure S3. SEM images of (a) NF-P and (b) ZIF-L-P
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Figure S4. (a) LSV curves and (b) Nyquist plots of NF-P, ZIF-L-P and V,-Fe-NiCoP.
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Figure S5. CV curves of (a) ZIF-L, (b) Fe-Co PBA, (c) Fe-NiCoP and (d) V,-Fe-

NiCoP collected at non-faradaic regions (0~0.1 V vs RHE).
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Figure S6. SEM image of the V,-Fe-NiCoP after OER.
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Figure S7. XRD pattern of the V,-Fe-NiCoP after OER.
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Figure S8. CV curves of (a) ZIF-L, (b) Fe-Co PBA, (c) Fe-NiCoP and (d) V,-Fe-

NiCoP collected at non-faradaic regions (-0.7~-0.60 V vs RHE).

Figure S9. SEM image of the V,-Fe-NiCoP after HER.
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Figure S10. XPS spectra of V,-NiCoP after HER.
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Figure S11. XPS spectra of V,-NiCoP before and after HER. (a) Ni 2p, (b) Co 2p, (c)

Fe 2p and (d) P 2p.
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Table S1. Comparison of OER performances between V,-Fe-NiCoP and other

reported electrocatalysts

Electrolyte j n Tafel slope
Electrocatalysts Reference
(KOH) (mA/cm?) (mV) (Mv/dec)

V,-Fe-NiCoP IM 100 240 85 This work
NiCoP IM 10 273 88.9 S1
Fe-CoP IM 10 269 96.37 S2

Ce0,-NiCoP, IM 10 260 72 S3
Ni-CoP; IM 100 306 154 S4

FeCoNi-P IM 100 303.9 55.87 S5
P,-CoP 1M 10 297 58.1 S6
Ce-NiCoP/Co;04/NF IM 100 270 63.1 S7

Table S2. Comparison of HER performances between V,-Fe-NiCoP and other

reported electrocatalysts.

Electrolyte J n Tafel slope
Electrocatalysts Reference
(KOH) (mA/cm?) (mV) (Mv/dec)
V,-Fe-NiCoP IM -100 164 65

NiCoP IM -10 134.6 72.3 S1
Fe-CoP IM -10 203 120 S2
Ce-NiCoP/Co0304/NF M -100 270 48.3 S7
Fe0.4NiCoP/C M -10 107 76 S8
NiCoP-BDC-4/NF M -50 170 95.3 S9
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Table S3. Comparison of overall water splitting performances between V,-Fe-NiCoP

and other reported electrocatalysts

Cell voltage
Catalyst Electrolyte Electrolyzer V) Reference
_ Vp-Fe-NiCoP||Vp-Fe- 1.46 (10 mA cm?) )
V,-Fe-NiCoP 1M KOH . ) This work
NiCoP 1.7 (100 mA cm?)
NiCoP/NiFeP IM KOH NiCoP/NiFeP|| 1.705 (100 mA cm- S10
NiCoP/NiFeP 2)
Ni,P/CoP/FeP, IM KOH Ni,P/CoP/FeP,|| 1.5 (10 mA cm) S11
Ni,P/CoP/FeP,
NiFeP/CoP IM KOH NiFeP/CoP|| NiFeP/CoP 1.72 (10 mA cm??) S12
Ni,P-CoP/MoO, 1M KOH Ni,P-CoP/MoO,||NiFe 1.5 (10 mA cm??) S13
LDH
CoP/FeP@NF IM KOH CoP/FeP@NE|| 1.56 (10 mA cm™) S14
CoP/FeP@NF
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