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1. Material characterizations

The crystal phases and structures of the as-prepared samples were characterized
by powder X-ray diffraction (XRD) with Bruker D8 Advance diffractometer (Cu Ka
radiation, A = 0.15418 nm) in the 26 range of 20-80° at a scanning rate of 0.05° s*!. The
microstructures of the products were observed by transmission electron microscopy
(TEM, JEM-2100F) and field-emission scanning electron microscopy (FESEM, Zeiss
Supra 55) that equipped with element mappings. The morphologies of the materials
were characterized by scanning electron microscopy (SEM, Zeiss Sigma 300 Cold Field
scanning electron microscope). X-ray photoelectron spectroscopy (XPS, PHI-5000C
ESCA, PerkinElmer, USA) was employed to obtain elemental information of prepared
catalysts on a VG ESCALAB MKII using Al Ka radiation. The Fourier transform
infrared spectrometer (FT-IR, Nicolet iS5) was recorded to detect the functional groups
of samples in the range of 200-2000 cm-!. The electron paramagnetic resonance (EPR)
spectra were recorded on a Bruker EPR ELEXSY'S 500 spectrometer. The absorbance
data of spectrophotometer were measured on UV-2700 spectrophotometer.

2. Electrochemical measurements

All the electrochemical measurements were tested using a CHI760E
electrochemical workstation with a standard three electrode cell. The reference and
counter electrodes were Hg/HgO and graphite rod, respectively. A glassy carbon
electrode (GCE. 5 mm inner diameter, 0.196 cm? area) that modified with catalyst ink
is used as the working electrode. The homogeneous catalyst ink was made by

ultrasonically dispersing a mixture containing 2 mg of catalyst, 20 pL Nafion (5 wt%),



360 pL ethanol and 120 pL H,O. Then, 13 uL of the catalyst ink was dropped on the
surface of GCE with an approximate mass loading of 265.0 pg-cm2. All potentials were
measured against Hg/HgO and converted to reversible hydrogen electrode (RHE) by
Nernst equation: Es rie = Evs Hgtigo T 0.0591-pH + 0.098. The overpotential (n) was
calculated through the formula: n = Egyg - 1.23 V. Cyclic Voltammograms (CV) were
measured at a scan rate of 5 mV-s. Electrochemical impedance spectroscopy was
tested over the frequency range of 10°to 102 Hz with an AC signal amplitude of 5 mV.
The double-layer capacitance (Cg) was evaluated by cyclic voltammetry (CV) curves
performed at the non-faraday reaction regions with an interval of 20 mV-s™! over the
scanning range of 20 ~ 120 mV-s!. Specifically, the electrochemical active area ECSA
is calculated by the formula ECSA = C4/C,, where Cy is the electric double layer
capacitance and C; is the characteristic capacitance of the material (usually 0.04 mF
cm?). The turnover frequency (TOF) values were calculated from the following
equation: TOF (s!) = (j x A)/ (k x F x n). Here, k is the number of electron transfer (the
factors of HER and OER are respectively 2 and 4), j is the current density at a given
overpotential, A is the geometric surface area of the electrode, F is the Faraday constant
(96485.3 C mol!), n is the number of active sites (mol). The number of voltammetric
charges is gained by CV curves from -0.6 ~0 V and 0 ~ 0.6 V vs. RHE for OER and
HER in phosphate buffer solution (pH = 7) with a scan rate of 50 mV s! respectively,
and the following equation is n (mol) = Q/2F (the surface charge Q is proportional to
the number of active sites). The long-term stability of the catalyst was conducted by

chronoamperometry (CA) and chronopotentiometry (CP). All the data of



electrochemistry were presented without any iR correction.
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Fig. S1 XPS full spectrum of the NiO/Fe,Os.
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Fig. S2 SEM image of the MIL-NiFe.
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Fig.S3 (a, b) High-resolution TEM of Fe,P/NisP,, integrated pixel intensities (a-2 and

-

b-2) of Fe,P and NisP, (taken from the green dotted rectangle in (a-1) and (b-1)). (¢)

SAED pattern of Fe,P/NisP,.
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Fig. S4 EPR spectra of Fe,P/NisP4-Ov and Fe,P/NisP,.
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Fig.S5 Electrocatalytic OER and HER performance of Fe,P/NisP4-Ov, Fe,P/NisP,-
Ov-300 and Fe,P/NisP4-Ov-250 in 1 M KOH solution.
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Fig. S6 EIS curves of Fe,P/NisP,-Ov with other samples for OER in 1.0

M KOH solution.
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Fig. S7 CV curves of different electrocatalysts with different scanning rates for OER

in 1.0 M KOH solution.
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Fig. S8 Cy values of different catalysts for OER in 1.0 M KOH solution.
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Fig. S9 LSV curves normalized to the ECSA.
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Fig. S10 LSV curves of Fe,P/NisP4-Ov before and after 1000 potential CV cycles for

OER.



20 -

—— MIL-NiFe

—— Fe,P/NigP,-Ov

! 1/¢/ ﬁ/\ﬂz';:,—»—
0 i

5 10 15 20
Z'(Q)

Fig. S11 EIS curves of Fe,P/NisP4-Ov with other samples for HER in 1.0

M KOH solution.



Fig. S12 CV curves of different electrocatalysts with different scanning rates for HER
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Fig. S13 Cy values of different catalysts for HER in 1.0 M KOH solution.
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Fig. S14 CV curves from -0.6 to 0 V vs. RHE for OER in 1.0 M PBS (pH = 7) at 50

mV sl
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Fig.S17 Electrocatalytic OER and HER performance of Fe,P/NisP4-Ov, Fe,P/NisPy-
Ov-300 and Fe,P/NisP4,-Ov-250 in alkaline seawater solution.
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Fig. S19 CV curves of different electrocatalysts with different scanning rates for OER

in 1.0 M KOH + seawater solution.



0.16

& .

012 = i

9 -

E g %
=008] =

<

0.52 mF-cm?
0.041 » o Fe,P/Ni,P,-Ov

20 40 60 80 100 120
Scan Rate (mV/s)

Fig. S20 Cy values of different catalysts for OER in 1.0 M KOH + seawater solution.
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Fig. S21 LSV curves normalized to the ECSA.
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Fig. S22 LSV curves of Fe,P/NisP4-Ov before and after 1000 potential CV cycles for
OER.
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Fig. S25 Cy values of different catalysts for HER in 1.0 M KOH + seawater solution.
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Fig. S35 (a, b) EDX elemental mappings of Fe,P/NisP4-Ov and Fe,P/NisP, catalysts

that cycled for 5 h, respectively. (c, d) EDX elemental mappings of Fe,P/NisP4,-Ov

and Fe,P/NisP, catalysts that cycled for 10 h, respectively



Table S1. Comparison of OER performance with other electrocatalysts 1.0 M KOH

solution.
Overpotential Current density
Catalysts Ref
(mV) (mA cm?)

Fe,P/NisP4,-Ov 205 10 This work
CoP,/NC-1 290 10 1
Ir@Zr-CoP 292 10 2
Ru-MoCoP 240 10 3
Ni,P/NisP,4 286 10 4
CoP@CNF 300 10 5
CoP/NiCoP 310.7 10 6
CoP/Mo,CTy 312 10 7
Ru-RuPxCoxP 338 10 8
Fe-Co-P 340 10 9
Mn-CoP-2 344 10 10

V-CoP 420 10 11




Table S2. List of resistance values calculated from electrical impedance spectra of
NiO/Fe,03, MIL-NiFe, Fe,P/NisP, and Fe,P/NisP4-Ov for OER in 1.0 M KOH
solution. (R: Electrolyte resistance; R..: Charge transfer resistance).

Materials R, (ohm) R (ohm)
Fe,P/NisP4-Ov 4.762 1.02
Fe,P/NisP, 4.824 6.4
MIL-NiFe 1.23 15.7
NiO/Fe,03 5.0 48.6

Table S3. List of resistance values calculated from electrical impedance spectra of
NiO/Fe,03, MIL-NiFe, Fe,P/NisP, and Fe,P/NisP4-Ov for HER in 1.0 M KOH

solution. (Ry: Electrolyte resistance; R ;: Charge transfer resistance).

Materials R (ohm) R (ohm)
Fe,P/NisP4-Ov 4.656 0.37

Fe,P/NisP, 4.683 0.46

MIL-NiFe 7.52 94.5

NiO/Fe,03 4.9 3.1




Table S4. List of resistance values calculated from electrical impedance spectra of
NiO/Fe,03, MIL-NiFe, Fe,P/NisP, and Fe,P/NisP4-Ov for OER in alkaline seawater

solution. (Ry: Electrolyte resistance; R ;: Charge transfer resistance).

Materials R; (ohm) R (ohm)
Fe,P/NisP4-Ov 3.109 1.5
Fe,P/NisPy 3.129 2.9
MIL-NiFe 3.859 36.2
NiO/Fe, 03 3.71 46.7

Table S5. List of resistance values calculated from electrical impedance spectra of
NiO/Fe,03, MIL-NiFe, Fe,P/NisP, and Fe,P/NisP4-Ov for HER in alkaline seawater

solution. (Ry: Electrolyte resistance; R.;: Charge transfer resistance).

Materials R (ohm) R (ohm)
Fe,P/NisP4-Ov 4.461 0.19

Fe,P/NisP, 4.48 3.2

MIL-NiFe 4.79 107.3

NiO/Fe,03 4.6 26.1




Table S6 Comparison of OER performance in alkaline seawater solution for

Fe,P/NisP4-Ov with some representative non-precious metal catalysts reported.

Overpotential Currentdensity Tafels lope

Catalysts Ref.
(mV) (mA cm2) (mV/dec)

Fe,P/NisP4,-Ov 229 10 56.3 This work
Fe,P-NiCoP 258 10 49 12
FCNP@CQs 268 10 45.2 13
CoSe,-NCF 245 10 93 14
Er-MoO, 312 10 99 15
ER-SNCF-20s 278 10 57 16
Fe,P-NiCoP 245 10 82.5 17
NiMoSe@CC 360 10 — 18

Co,P/CoMoP, 268 10 81 19
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