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Figure S1. (a) Cutaway view of electrode holder; (b) LSV curves of bare Ti sheet.



Figure S2. SEM images of bare PU substrate.
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Figure S3. SEM images of CuBy on PU substrate with different EP time: (al, a2, a3)

CuB,@PU -30min; (b1, b2, b3) CuB,@PU-60min; (cl1, c2, c3) CuB,@PU-90min.
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Figure S4. Loading amount of CuBy on PU substrate with different EP time.
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Figure SS. LSV curves of CuB,@PU electrode with different EP time during (a) HER

process and (b) OER process.
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Figure S6. High-resolution XPS spectrum for CuB,@PU electrode of (a) Cu 2p, (b) B

Is and (c) O 1s; XPS survey spectra of (d) CuB,@PU.
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Figure S7. FT-IR spectrum of CuB,@PU.



I
1204 11
I

:CuO 11082 '1389 12090 13706
|
=1004 ! !
|
|
|

C=0 C-H

= Il
~ 804 |

60 -

N
=)

Intensity

01— : ; ; ,
500 1000 1500 2000 2500 3000
Raman shift (¢cm™ )

Figure S8. Raman spectrum of CuB4@PU under 532 nm excitation.
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Figure S9. Contact angle measurements of (a) bare PU and (b) CuB4@PU electrodes.
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Figure S10. Comparison of LSV before and after 80% iR correction (a) HER process

and (b) OER process.
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Figure S11. LSV curves of CuB@PU electrode in real seawater (0.5 M NaCl) during

(a) HER process and (b) OER process.
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Figure S12. CV curves within a non-faradaic reaction region of 0.47 V~0.57 V verses

RHE at different scan rates toward HER for (a) CuB,@PU (b) CuB,@NF.
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Figure S13. Chronopotentiometric measurement of HER at 70 mV. Inset: LSV curves

of CuBx@PU before and after HER cycles
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Figure S14. SEM images of (al, a2) post-HER.
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Figure S15. CV curves within a non-faradaic reaction region of 0.65 V~0.77 V verses

RHE at different scan rates toward OER for (a) CuB,@PU and (b) CuBy@NF.
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Figure S16. Chronopotentiometric measurement of OER at 136 mV. Inset: LSV curves

of CuBx@PU before and after OER cycles.
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Figure S17. SEM images of (al, a2) post-OER samples.
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Figure S18. Chronopotentiometric measurement of the overall water splitting at the
constant potential of 1.45 V. Inset: LSV curves of CuBs@PU before and after overall

water splitting.
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Figure S19. Photographs of H, and O, collected per five minutes at the current density

of 100 mA cm™2.
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Figure S20. XPS survey spectra of (a) post-HER and (b) post-OER samples.
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Figure S21. (a, b) Quality of CuB,@PU with different working time at high current
density (j > 1 A cm™) in the solution of IM KOH and 1M KOH + 0.5 M NaCl; (c, d)
state of 1M KOH and 1M KOH + 0.5 M NaCl electrolytes at high current density (j >
1 A cm??).
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Figure S22. SEM images of (a,b) CuB-Mo@PU; (c,d) CuB-P@PU:; (e,f) CuB-Ni@PU

and (g,h) CuB-Co@PU.
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Figure S23. LSV curves of CuBy@PU electrode doped with other (non)mentals of

Co/Mo/P/Ni during (a) HER process and (b) OER process.
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Supporting Tables

Table S1. ICP-AES analysis results of CuB,-based catalytic electrodes.

Co/Mo/Ni/P  Atomic Ratio
Catalysts Cu B
(Cu:B)

CuB,@PU 3.23 29.80 1:9.02
post-HER 1.68 15.17 1:9.09
post-OER 1.88 20.32 1:11.1
Co-doped CuB,@PU 1.55 24.57 5.59 1:16.7
Mo-doped CuB,@PU 0.5 10.10 0.22 1:25.0
Ni-doped CuB,@PU 1.98 37.86 5.22 1:20.1
P-doped CuB,@PU 1.72 24.79 0.06 1:25.2

25



Table S2. Comparison of HER performance of CuB,@PU catalyst with recently

reported Cu-based catalysts under alkaline conditions.

J Loading
Catalysts Electrolyte Reference
(mA cm?) (mV) Amount

1.0
CuB,@PU KOH+0.5 M 10 70 5.75 mg cm This work

NaCl
Ni-Mo/Cu ILOMKOH 20 152 217mgem? !
Cu plate NiFeLDH ILOMKOH 10 116 2.2 mg cm? 2
Mo-/Co-NC/Cu 1L.OMKOH 100 71 N/A 3
Co-N-C/Cu 1L.OMKOH 100 155 N/A 3
Mo-N-C/Cu 1L.OMKOH 100 183 N/A 3
N-C/Cu 1L.OMKOH 100 21 N/A 4
RuCu NSs/C ILOMKOH 10 20 N/A 4
NiC0,04/Cu,O/Cu ILOMKOH 10 92 2.9 mg cm? >
CuNi@NiFeCu ILOMKOH 10 42 1.95mgem?  ©
CuO,@Co;0,NRs/CF  1.OMKOH 50 242 N/A 7
Pt-Cu@Cu,O NWs ILOMKOH 10 72 189 mgem? 8
Cu-Ni3S,/Co3S, ILOMKOH 10 79 N/A ?
Cu@CoS,/CF ILOMKOH 10 134 3.9 mg cm2 10
CusN@CoNiCHs/CF ILOMKOH 10 182 6.23mgem2 !
CuFe,0, 1L.OMKOH 10 103 1.66 mgem? 12
Cu-Foam@CuCoNC-

ILOMKOH 10 59.2 N/A 13
500
Cu-CoP NAs/CP 1.0 M PBS 10 81 395mgem? 14
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CoNiMo,;-21/CuOx/CF
Fe-Ni,P@PC/Cu,S
Cu-(a-NiSe,/c-
NiSe,)/TiO,

Co-Cu-W

NiFeO,@NiCu

1D-Cu@Co-CoO/Rh

NiP,-FeP, / Cu-NW /

Cu-f

1.0 M KOH

1.0 M KOH

1.0 M KOH

1.0 M KOH

1.0 M KOH

1.0 M

KOH+0.5 M

NaCl

1.0

KOH+0.5 M

NaCl

10

10

10

10

10

10

10

46

112.9

156.9

100

66

137.7

23.6

N/A

2.2 mg cm?

1.5 mg cm™

1.25 mg cm™

0.4 mg cm™

N/A

N/A

15

16

17

19

20

21
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Table S3. Comparison of OER performance of CuB,@PU catalyst with recently

reported Cu-based catalysts under alkaline conditions.

J n Loading Refer
Catalyst Electrolyte
(mA cm??) (mV) Amount ences
1.0 M
This
CuB,@PU KOH+0.5 M 10 136 5.75 mg cm?
work
NaCl
Ni-Mo/Cu 1.0 M KOH 20 280 2.17 mg cm? !
Cu plate NiFeLDH 1.0 M KOH 10 199 2.2 mg cm 2
Mo-/Co-NC/Cu 1.0 M KOH 100 318 N/A 3
RuCu NSs/C 1.0 M KOH 10 234 N/A 4
NiC0,04/Cu,O/Cu 1.0 M KOH 10 213 2.9 mg cm?2 >
CuNi@NiFeCu 1.0 M KOH 50 285 1.95 mg cm™ 6
CuO,@Co304NRs/CF 1.0 M KOH 50 240 N/A 7
Pt-Cu@Cu,O NWs 1.0 M KOH 10 250 18.9 mg cm™2 8
Cu-Ni3S,/C03S4 1.0 M KOH 50 160 N/A ?
Cu@CoS,/CF 1.0 M KOH 10 160 3.9 mg cm™? 10
CusN@CoNiCHs/CF 1.0 M KOH 10 155 6.23 mg cm? 1
CuFe,0,4 1.0 M KOH 10 298 1.66 mg cm™2 12
Cu-Foam@CuCoNC-
1.0 M KOH 10 245 N/A 13
500
1.0M
Cu-CoP NAs/CP 10 411 3.95 mg cm™2 14
PBS (PBS)
CoNiMoy-
1.0 M KOH 10 221 N/A 15
21/CuOx/CF
Fe-Ni,P@PC/Cu,S 1.0 M KOH 50 330 2.2 mg cm2 16

28



Cu-(a-NiSe,/c-

1.0 M KOH
NiSe,)/TiO,
Co-Cu-W 1.0 M KOH
NiFeO,@NiCu 1.0 M KOH
1.0

1D-Cu@Co-CoO/Rh  KOH+0.5

NaCl

M

M

10

10

10

10

339

300

300

260

1.5 mg cm

1.25 mg cm™

0.4 mg cm™

N/A

20
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Table S4. Comparison of overall-water splitting performance of CuB@PU catalyst

with recently reported Cu-based catalysts under alkaline conditions.

j Potential Loading
Catalysts Electrolyte Reference
(mA cm?) V) Amount

1.0 M
CuB,@PU KOH+0.5 M 10 1.45 5.75 mg cm? This work

NaCl
Ni-Mo/Cu 1.0 M KOH 20 1.69 2.17 mg cm !
Cu plate NiFeLDH 1.0 M KOH 10 1.54 2.2 mg cm 2
Mo-/Co-NC/Cu 1.0 M KOH 100 1.62 N/A 3
RuCu NSs/C 1.0 M KOH 10 1.49 N/A 4
NiC0,0,/Cu,O/Cu 1.0 M KOH 10 1.61 2.9 mg cm? 3
CuNi@NiFeCu 1.0 M KOH 10 1.51 1.95 mg cm 6
CuO,@Co304NRs/CF 1.0 M KOH 10 1.60 N/A 7
Pt-Cu@Cu,O NWs 1.0 M KOH 10 1.56 18.9 mg cm2 !
Cu-Ni3S,/CosS,4 1.0 M KOH 10 1.49 N/A ?
Cu@CoS,/CF 1.0 M KOH 10 1.50 3.9 mg cm 10
CusN@CoNiCHs/CF 1.0 M KOH 10 1.58 6.23 mg cm 1
CuFe,0,4 1.0 M KOH 10 1.62 1.66 mg cm™ 12
Cu-Foam@CuCoNC-

1.0 M KOH 10 1.52 N/A 13
500

1.0M

PBS (Phosphat
Cu-CoP NAs/CP 10 1.72 3.95 mg cm™? 14

e Buffer

Solution)
CoNiMo,- 1.0 M KOH 50 1.53 N/A 15
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21/CuOx/CF
Fe-Ni,P@PC/Cu,S
Cu-(a-NiSe,/c-
NiSe,)/TiO,
Co-Cu-W

NiFeO,@NiCu

1D-Cu@Co-CoO/Rh

NiP,-FeP, / Cu-NW /

Cu-f

Ru/Cu-doped RuO,

1.0 M KOH

1.0 M KOH

1.0 M KOH

1.0 M KOH

1.0

KOH+0.5

NaCl

1.0

KOH+0.5

NaCl

1.0 M KOH

M

M

10

10

10

10

10

10

10

1.62

1.62

1.80

1.67

1.60

1.40

1.47

2.2 mg cm

1.5 mg cm™

1.25 mg cm™

0.4 mg cm

N/A

N/A

N/A

17

18

19

20

21

22
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