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1. Supporting Figures and Table

3

LS

3

8 W
."é

2 ¥\ e a(c}slH-C)
E | V(O-H) v(C-H) y(c=0)

= 3(NH)

3(CH)
4000 3200 2400 1600 800

Wavenumber (cm™)

Fig. S1 FTIR spectra of N-CDs, the inset is the picture of N-CDs solution and deionized

water under UV light irradiation.

Fig. S2 SEM images of -catalysts at different magnifications. (a, «c)
Co(OH)F/Co(OH)(CO3)( s/NF, and (b, d) NC@Co(OH)F/Co(OH)(CO3), s/NF.
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Fig. S3 The survey XPS spectra of NC@Co(OH)F/Co(OH)(CO;),s/NF,
Co(OH)F/CoP,/NF, and NC@Co(OH)F/CoP,/NF.
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Fig. S4 XPS spectra for (a) O 1s, and (b) F 1s of NC@Co(OH)F/CoP,/NF.
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Fig. S5 The one-time-constant model equivalent circuit used for data fitting of EIS
spectra (R is the overall series resistance, CPE is the constant-phase element, and R,

is the charge transfer resistance related to HER processes).
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Fig. S6 Cyclic voltammograms at various scan rates in the potential range of 0.22 ~
0.33 V vs. RHE for NC@Co(OH)F/CoP,/NF (a), Co(OH)F/CoP,/NF (b),
NC@Co(OH)F/NF (c) and NF (d), respectively.

The ECSA was determined assuming a general specific Cq capacitance of 40 uF cm2.
For all samples, the ECSA is estimated by the following formula:

Specific capacitance (uF cm”~ 2y

Apcsa =
40 pF cm™ % per cmECZSA

NC@Co(OH)F/CoPy/NF 50.96 mF cm?

_ 2
ECSA = 1274 cmpgy

40 pF cm™ % per cmECZSA



Co(OH)F/CoP,/NF 22.75 mF cm?

= 568.75 cmy 5,
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Fig. S7 The i-t test of Co(OH)F/CoP,/NF at 100 mA ¢cm= in 1.0 M KOH.
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Fig. S8 The ECSA-normalized LSV curves of different electrocatalysts in 1.0 M KOH.
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Fig. S9 XRD patterns of NC@Co(OH)F/CoP,/NF before and after 3000 CV cycles,
and the standard PDF cards for CoP,, Co(OH)F, and Ni.



Fig. S10 (a-b) SEM images of NC@Co(OH)F/CoP,/NF at different magnifications

before 3000 HER CV cycles, and (c-d) SEM images of NC@Co(OH)F/CoP,/NF at

different magnifications after 3000 HER CV cycles in 1.0 M KOH.
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Table S1. Comparison of HER performance between NC@Co(OH)F/CoP,/NF and
other nonprecious metal-based HER electrocatalysts in 1.0 M KOH. (j: current density;
n: overpotential)

Electrocatalyst j (mA cm?) n (mV) Ref.
NC@Co(OH)F/CoP,/NF 100/1000 107/189 This work
CQDs/MnyNis_P, 100 120 !
Vp-CoP-FeP/NF 100 144 2
FeP@CoP/NF 100 183 3
Fe-CoP 100 227 4
NiP/NG 100 300 3
FePi-NiS/NF 1000 223 6
Te-WSe, 1000 232 7
F-Co,P/Fe,P/IF 1000 260 8
NiCo@C-NiCoMoO/NF 1000 266 ?
Ni-Co-P/CFP 1000 295 10
NiCoP foam/NF 1000 328 1
a-MoWS,/N-RGO 1000 348 12
W-NiCuygray/CM 1000 349 13
Mo-NiFeP/NIF 1000 353 14

CoP/Cu,O@CF 1000 358 15




Table S2. Comparison of HER performance between NC@Co(OH)F/CoP,/NF and
other nonprecious metal-based HER electrocatalysts in natural seawater containing 1.0
M KOH. (j: current density; #: overpotential)

Electrocatalyst j (mA cm?) n (mV) Ref.
NC@Co(OH)F/CoP,/NF 100/1000 128/237 This work
FeP@CoP/CC 100 220 16
CoMo0O,/CoP/CC 100 218 17
NiFeCr-S/Ni;S,/NF 100 236 18
Mn-MoWNi 100 261 19
NiPS/NF 100 188 20
MnCo/NiSe 1000 270 21
NiCoHPi@Ni;N/NF 100 182 22
NiCoP,/NF 1000 257 23
CoPy 100 190 24
NNNF@Mo,N/FeOxNy 100 142 25
NiFe-P@NC 100 149 26

Table S3. ICP test results of the electrolyte after CV cycling test.

Element Content (mg/L)

Co 0.9
P 216.6
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