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1. Experimental Section
1.1. Materials

The commercial Pt/C, sodium chloride, and all chemicals for material synthesis were
obtained from Sigma Aldrich. copper(Il) chloride dihydrate (CuCl2.2H-0), cobalt(II) chlo-
ride hexahydrate (CoCl2.6H20), urea, and triammonium citrate (TAC) were used for cat-
alyst synthesis. The Platinum on graphitized carbon with at 20% loading (Pt/C) was used
as the commercial catalyst for commercial reference. Ethanol, isopropanol, and potassium
hydroxide were purchased from SK Chemicals, Korea. Buffer solutions were purchased
from Daejung Chemicals. Nafion was from Sigma Aldrich. All chemicals were AR grade
and were used as received. Distilled water was used throughout the experiment.

1.2. Characterization

The X-ray diffraction (XRD) pattern of all the samples were recorded in the 20 range
of 10-90° using a Rigaku X-ray diffractometer (D/MAZX 2500V/PC, Japan) with Cu Ka
radiation (0.154 nm). The morphologies of the as-synthesized catalyst surfaces were ob-
served through a field emission scanning electron microscope (JEOL JSM-6500 F, Japan)
and a high-resolution transmission electron microscope (JEOL JEM-2100 F, an operating
voltage = 200 kV). The surface analyses of the samples were performed on a Thermo
Fischer Scientific ESCALAB 250 Xi (USA) using a monochromatic Al Ka as a radiation
source (1486.6 eV). The nitrogen adsorption-desorption isotherms were recorded at 77 K
using a Quantachrome Quadrasorb SI automated surface area and pore size analyzer to
determine the surface area and the average pore diameters of the as-synthesized catalysts.

2. Results
2.1. Figures
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Figure S1. Calibration of Hg/HgO electrode in 1 M KOH solution (saturated with 5% Hz/Ar gas) at a
scan rate of 2 mV/s.
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Figure S2. (A) SEM image of CCuU before calcination. (B) Broad range XPS spectra of CCuU. .
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Figure S3. (A) Schematic of UCS synthesis. (B) Spectral profile, (C) TEM, (D) HRTEM, (E) FFT image
of UCS particles.
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Figure S4. XPS (A) Broad range spectra and (B) Elemental analysis of Cls of UCS.
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Figure S5. (A) XRD pattern and (B) Raman spectra of UCS, CCuU, CCU, and CCu.

Figure S6. SEM images; before calcination (A) CCu and (B) CCU and after calcination (C) CCu, and

(D) CCU.
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Figure S7. (A) Broad range spectra of CCu. Elemental analysis of (B) Co2p, (C) Cu2p, and (D) Cls.
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Figure S8. (A) Broad range spectra of CCU. Elemental analysis of (B) Co2p, (C) Cu2p, and (D) Cls.
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Figure S9. (A) BET isotherm of CCuU, CCU, and CCu. (B) Capacitive current density AJossv as a
function of scan rate (v) in the range of 0.1 to 0.4 V versus RHE for as-synthesized catalysts.
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Figure S10. TOF values of materials in alkaline seawater during HER. The TOF values were calcu-

lated at 200 mV.
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Figure S11. Chronoamperometric test of (A) CCuU over 40 h, and (B) Pt/C over 10 h in alkaline
seawater at the overpotentials of 85 mV and 220 mV, respectively. (C) Broad range XPS spectrum of

CCuU after 10 h scanning.

S5



100
A ———CCuUHr0,
———PY/CHrO,

80 -
D

' 60-
(3]

E 40
S

20 1

0 T
1.2 1.4 1.6

E (V vs. RHE)

Figure S12. (A) Polarization curves, and (B) Schematic illustration of the two-electrode cell contain-
ing CCuU/Nifoam and Pt/C/Nifoam (individual) as the cathode and IrOz/Nifoam as the anode for
two-electrode system.
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Figure S13. (A) Fluorescence spectral profile and (B) FT-IR spectra of alkaline UCS in absence and
presence of chloride ions.

2.2. Tables

Table S1. Atomic % of the elements as obtained from the XPS.

Atomic %
Cls Ols Ni1s Cu2p Co2p Nals CI2p K2p Zn2p
ucCs 55.91 33.73 10.36 - - - - - -
CCu 2531 47.06 425 17.89 549 - - - -

Material

CCU 1459 5489 791 1398 8.63 - - - -
CCuU 17.72 5272 343 19.20 7.40 - - - -
CCuU

15.11 4321 1.86 9.68 3.76 5.79 16.68 291 1.04
post-cat

Table S2. Surface area analysis of composites.

Catalyst ECSA/cm’ BET surfacearea/m’g BET pore volume /cc g '
CCu 432.5 27.132 0.342
CCU 500 9.72 0.0706
CCuU 755 27.220 0.362
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Table S3. The comparative account of HER activity by different electrocatalysts.

Overpotential Tafel slope
Catalyst Electrolyte > a Ref.
@10 mA cm (mV dec )
Mn-NiO-Ni/Ni-F Natural seawater 017V 121 [1]
PtNis Natural seawater 0.38 V@7.7 mA/g 119 [2]
NiCoN INixPINiCoN
iCo X iCo Natural seawater 165 mV 139.2 [3]
Electrode

Ni-SN@C KOH + seawater 23 mV 39 [4]

Ti foil supported RuCo Seawater 387 107 [5]

Fe—Co2P BNRs Seawater (pH =7.8) 489 - [6]

Buffered t
Fe-Mo0S2 nanosheet uttered seawater 119 90 [7]
(pPH=7)
Ar-saturated natural
MosNs Nanosheets frsaturatec natura 94 66 8]
seawater
Carbon nanosphere supported .
Cu0/Co,0, Seawater in 1 M KOH 73 mV 47 Present Work
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