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1. Material Characterizations

Crystalline structures were analyzed using powder X-ray diffraction (pXRD, D8,
Bruker AXS) with Cu Ka radiation (A = 1.5418 A). 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. Ultraviolet photoelectron spectroscopy (UPS) is
performed on Thermo ESCALAB Xit+ equipped with ultraviolet photoelectron
spectrometer (Hel (21.22 eV)). Electron paramagnetic resonance (EPR) spectra were
recorded on a Bruker EPR ELEXSYS 500 spectrometer. Absorbance data of
spectrophotometer were measured on UV-2700 spectrophotometer. Analysis of the
molecular structure of the catalyst was performed using a Raman spectrometer
(XPOLORA PLUS, China) at an excitation wavelength of 532 nm for Raman scattering
peak analysis.

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 uL ethanol and 120 pL. H,O. Then, 13 pL 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: 1 = 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 10-2 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’!. 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 HERis 2), 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 ~ 0.6 V vs. RHE for HER in a 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 chronopotentiometry (CP). All
the data of electrochemistry were presented without any iR correction. In situ
electrochemistry-Raman coupled experiments were conducted in a single-
compartment, three-electrode, custom-made quartz cell controlled by an
electrochemical workstation at room temperature. The loaded GCE, a graphite rod, and
SCE were used as the working, counter, and reference electrodes, respectively. A
stability potential in the range of -0.09468 to -1.0268 V with an interval of 0.02 V was

applied to the catalyst electrode for 5 min before carrying out all in situ Raman spectra.
3. Finite Element Simulations

Free electron density and electric field around electrode were simulated using the
COMSOL multiphysics finite-element-based solver. The “Electrostatics” module was
used to simulate electric field when the electrode is under a specific potential bias. The
electric field, E, was computed as the negative gradient of the electric potential as

follows:
E=-VV

The simulation model for Pt nanoparticles was a cone table with 2, 5, and 30 nm
for top radii, bottom radii, and cone height, respectively. The electric potentials -1.5 V

was applied to the bottom of the needle. The ground was prescribed to the far side of



the electrolyte. Electric insulation was applied to the remaining electrolyte sides, and

an initial value of 0 V was set everywhere.
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Fig. S1 SEM image of the CoP, CoP4Br,_, Pt-CoP and Pt-CoP,Br_,.
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Fig. S3 XPS survey spectra of the Pt-CoP and Pt-CoP,Br_.
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Fig. S4 High-resolution (a) Co 2p and (b) P 2p XPS spectra of CoP.
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Table S1. UPS measured work functions of as-prepared catalysts

Catalysts Ecutofr (eV) Evs (eV) () (eV)
CoP 15.34 3.3 5.88
CoP,Br., 15.48 3.46 5.74
Vp-CoP,Br 15.61 3.41 5.61

Pt 579 - 5.43




d
0.084{—20mvis
—— 40 mV/s
60 mV/s
~0.041  somwvis
‘\'IE 100 mV/s —
© 0.00- 120 mVis =
<
E.0.04.
-0.08 -
-0.12 1
0.16 0.20 0.24
Potential (V vs. RHE)
¢ 0.12 —— 20 mV/s P
—— 40 mV/s Bry.
60 mV/s
0061  gomwss
‘?'_\ 100 mV/s
E A 120 mV/s ——
o 0.00
<
£ -0.061
—
-0.12 4

0.24

b 0.18

0.09 -

m?)

© 0.00

(mA

«=—-0.09

-0.18 4

—— 20 mV/s
40 mV/s
60 mV/s
80 mV/s
100 mV/s
120 mVis - =

CoP

014 016 0.18 0.20 0.22 0.24 0.26
Potential (V vs. RHE)

—— 20 mV/s
—— 40 mV/s

Pt-CoP

60 mV/s
80 mV/s
100 mVis
120 mVis

0.16 0.20 0.24
Potential (V vs. RHE)

0.16 0.20
Potential (V vs. RHE)
€ 08—
40 mV/s
60 mV/s
o 80 mVis
@ 0.41 100 mVis
£ 120 mV/s
o
<
£ 0.0
-0.4 1

0.16

0.20

0.24

Potential (V vs. RHE)
Fig. S6 (a-e) CV curves of different electrocatalysts with different scanning rates for

HER in alkaline seawater solution.
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Fig. S7 (a-e) CV curves from 0 to 0.6 V vs. RHE for HER in 1.0 M PBS (pH =7) at
50 mV s!. f) TOF values of different catalysts for HER in alkaline seawater solution.
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Fig. S8 OER performance of Pt-CoP,Br;_, and referenced samples. (a) Histograms of
the overpotentials at 10 mA c¢cm2 and 20 mA cm. (b) Tafel plots. (¢) CP test of Pt-
CoP,Br_, at a constant current density of 10 mA cm-2.
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Fig. S9 (a, b) Comparison of Pt-CoP,Br_, with reported HER and OER electrocatalysts in an

alkaline condition at 10 mA-cm™2.
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Fig. S11 Cy, values of different catalysts for OER in alkaline seawater solution.
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Fig. S12 Hypochlorite detection result with different NaClO contents and the
electrolyte after 100 h electrolysis for Pt-CoP,Br; at a constant current density of 10
mA cm? in 1 M KOH + seawater.
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Fig. S13 (a) UV-Vis absorption spectra of Cl1O- with different concentrations. (b)
Calibration curve used for calculating CIO- concentrations of the electrolyte.
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Fig. S14 UV/Vis absorption spectrum of the electrolyte after 100 h electrolysis for Pt-
CoP,Br_ at a constant current density of 10 mA ¢cm? in 1 M KOH + seawater.



Fig. S15 A schematic illustration of the electrolyzer using Pt-CoP,Br;_ as the cathode
and the anode.
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Fig. S16 Long-term stability plot of Pt-CoP,Br,_,|| Pt-CoP,Br_, at 10 mA cm?in 1 M

KOH + seawater.
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Fig. S17 HER performance of Pt-CoP in alkaline seawater electrolyte with various pH.



a 300 =—mv—m KOH + seawater
|« 0.06V S
|—A—0.08 V
—v—0.4V / \'\_
—+—0.12V
o 2004 o 014V /'/ \'\
g_ 046V j,-,,/""'”'m\. LY
N " !
' 100+ % E
,
..
Rj R CPE
0 | o ch'
0 200 400 600
Z'(Q)

(o

-Z" (Q)

60

204

T—=—o0.06 v

—u—0.04V

—a—0.08 V
—v—0.10 V
—+—0.42V
——0.44V /) o-0-0,
——0.16 V &

'\
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Fig. S20 EIS-derived Tafel plots of the Pt-CoPBr;_, samples attained from the
hydrogen adsorption resistance R, in various solutions.
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Fig. S22 (a, b) Cyclic voltammetry curves of Pt-CoP and Pt-CoP,Br_.



Table S2 Comparison of HER performance in alkaline solution using Pt-CoP,Br;_, and

other reported electrocatalysts.

Overpotential Current density

Catalysts Ref
(mYV) (mA cm?)

Pt-CoP,Bry_, 36 10 This work
CoMoSe,@TizC, Ty 82 10 1
Fe,P/Ni,P 108 10 2
Co-P-0O, 113 10 3
Co-Ni-P/MoS, 116 10 4
Pd-e-NiCo-PBA-C 147 10 5
NiSe@Cog gsSe/NF 168 10 6
NiCoSe|S/BP 172 10 7
V-MoS, 206 10 8
Fe-Co-Ni-P-1 215 10 9
NiFeP/NCH 216 10 10
Coy.355¢/Nig g5Se 250 10 11
FeCo/Co,P@NPCF 260 10 12
Fe,P/NisP, 267 10 13
Co'"Fe-ONC 284 10 14

SWCNTs/ReS, 327 10 15




Table S3 Comparison of OER performance in alkaline solution using Pt-CoP,Br;_, and

other reported electrocatalysts.

Overpotential Current density

Catalysts Ref
(mV) (mA cm?)

Pt-CoP,Br_, 290 10 This work
CoP,/NC-1 290 10 3
Ruga-C0304/CoOOH 292 10 16
Ir@Zr-CoP 292 10 17
CoP@CNF 300 10 18
NiS/Ni;S,/CeO, 300 10 19
NiCo,S4/HCS-3 310 10 20
CoP/NiCoP 310.7 10 21
CoP/Mo,CTy 312 10 22
CoMoSe,@Ti;C, Ty 329 10 23
Coy/TaS,-3 330 10 24
Ru-RuP,Co,P 338 10 25
Fe-Co-P 340 10 26
Mn-CoP-2 344 10 27

V-CoP 420 10 28




Table S4 The alkaline OWS performance of Pt-CoPBr;, with some representative
bifunctional electrocatalysts reported.

Cell voltage

Catalysts Electrolyte Ref
\2)
1.0 KOH+
Pt-CoP,Br, 1.62 This work
Seawater
CoNSC 1.0 KOH 1.64 29
CoP@SNC 1.0 KOH 1.64 30
v- NiS,/CeO, 1.0 KOH 1.64 31
NiCo0,04 1.0 KOH 1.65 32
Co-NC/C 1.0 KOH 1.67 33
NiFe LDH/NF 1.0 KOH 1.7 34
NisNiy/NF 1.0 KOH 1.7 35

NisS, 1.0 KOH 1.76 36




Table S5 The fitted parameters of the EIS data of Pt-CoP,Br,_x and Pt-CoP for HER in

alkaline seawater.

Catalysis 1N (mV) Rs (QQ) R; (Q) C, (F)
-40 4.186 106.1 0.522

-60 4.358 74.49 0.588

-80 4.348 55.15 0.591

Pt-CoP,Br -100 4.198 40.71 0.682
-120 4,243 32.36 1.28

-140 4.172 25.17 1.451

-40 4.747 517.7 0.130

-60 4.746 322.8 0.130

-80 4.795 220.5 0.137

Pt-CoP -100 4.738 160.7 0.148
-120 4.764 111.4 0.158

-140 4.794 82.93 0.187

Table S6 The fitted parameters of the EIS data of Pt-CoP,Br;_, for HER in 1 M KOH
+ 0.5 M NaCl and 1 M KOH.

Electrolyte 1N (mV) Rs (Q) R, () C, (F)
-40 4.155 142.3 0.413

-60 4.425 80.84 0.438

-80 4.567 56.64 0.440

1 M KOH + -100 4.552 42.75 0.465
0.5 M NaCl -120 4.577 32.05 0.516
-140 4.623 26.08 0.62

-40 4202 462.6 0.272

-60 4.392 243.6 0.291

-80 4.5 131.9 0.407

1M KOH -100 4.655 76.34 0.422
-120 4.637 45.75 0.501

-140 4.667 28.25 0.605
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