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Experimental

The two-electrode electrolyzer was assembled by using the rGO/NiCoP catalyst-
coated carbon cloth (1 cm X 1.2 cm, with an exposed geometric area of 1 cm?) as the
cathode, and RuQO: as the anode. The distance between the cathode and anode was
approximately 2 cm, with 1 M KOH (pH = 14) serving as the electrolyte. No separator was
used, and the electrolyte was not stirred during the measurements to maintain stable and
reproducible conditions, with gas bubbles evolved during electrolysis allowed to detach
naturally. The polarization curves for overall water splitting were recorded without iR

compensation to reflect the actual cell voltage under operating conditions.



Fig. S1 SEM image of rGO/NiCoO,.

Fig. S2 SEM image of rGO/NiCoP.
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Fig. S3 XRD pattern of rGO/Co,P.
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Fig. S4 XPS spectrum of C 1s (a) and O 1s (f) for rGO/NiCoP and rGO/Co,P.
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ig. S5 XPS spectra of rGO/NiCoP and NiCoP (a) Ni 2p, (b) Co 2p, (c) P 2p, (d) O 1s.
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Fig. S6 HER performance of rGO/NiCoP fabricated with different GO/metal ratios in 1 M
KOH: (a) LSV curve at a scan rate of 5 mV s™!; (b) overpotential at current densities of -
10, -50, and -100 mA c¢cm™2; (¢) Nyquist plots; (d) corresponding Tafel plots.
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Fig. S7 rGO/NiCoP fabricated with different GO/metal ratios: (a) 1:10, (b) 1:15, (c) 1:20.
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Fig. S8 Overpotentials at current densities of -10, -50, and -100 mA cm™2 for various
catalysts in 1M KOH.
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Fig. S9 CV curves
different scan rates.
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of rGO/NiCoP, rGO/Ni,P, rGO/Co,P, NiCoP and rGO/NiCoQO, at
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Fig. S10 ECSA-normalized LSV curves of rGO/NiCoP, rGO/Ni,P, rGO/Co,P, NiCoP and
rGO/NiCoO,.

E CRERRASE: BN

. S11 SEM images of rGO/NiCoP after HER stability tests.



—— After HER stability tests
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Fig. S12 XRD patterns of rGO/NiCoP after HER stability tests.
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Fig. S13 XPS survey spectrum (a) and high-resolution spectrum of rGO/NiCoP after
stability test: (b) Ni 2p, (c) Co 2p, (d) C 1s, (e) P 2p, and (d) O Is.
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Fig. S14 In-situ Raman spectra of the rGO/NiCoP catalyst during HER.

Table S1. Comparison of HER performances of rGO/NiCoP with recently reported
electrocatalysts in 1 M KOH.

n (mV) at -10 Tafel slope

Catalyst mA em-2 (mV/dec) Reference

rGO/NiCoP 353 67.8 This work
Ru-Ni,P@CoP 82.7 117.4 Ref. S1
NiCo/NiCoP 60 534 Ref. S2
e-CoNiFeP/NF 146 51.4 Ref. S3
MoP@N-NiCoP 43 459 Ref. S4
NiMoP/S-Ti;C, Tx@NF 121 46 Ref. S5
NiCoP/NiCo-LDH 84 121 Ref. S6
NiCoP 134.6 72.3 Ref. S7

FeOOH/NiCoP/NF 76 70.3 Ref. S8




Table S2. EIS fitting parameters for various catalysts.

rGO/NiCoP rGO/Ni,P rGO/Co,P NiCoP rGO/NiCo0O,

R 1.85 1.79 1.82 1.65 2.54

Ret 1.93 343 8.84 3.82 27.29

Table S3. Cq value and corresponding ECSA of various catalysts.

Sample Ca (mF cm?) ECSA
rGO/NiCoP 101.1 2527.5
rGO/Ni,P 97.0 2425.0
rGO/Co,P 83.9 2097.5
NiCoP 87.7 2192.5
rGO/NiCoO, 28.3 707.5

Table S4. Tafel value and exchange current density(jo) of various catalysts.

Sample Tafel (mV dec) jo (mA cm2)
rGO/NiCoP 68.6 2.86
rGO/Ni,P 72.9 2.45

rGO/Co,P 123.6 245




Table S5. Comparison of electrolysis performance of rGO/NiCoP with recently reported
electrocatalysts in 1 M KOH.

Cell voltage [V] at 10 mA

Catalyst em?2 Reference

rGO/NiCoP 1.53 This work
NiCoP/NiCoP-LDH 1.64 Ref. S6
AI-CoNiP/NF 1.67 Ref. S9
Ce-NiCoP@C/NF 1.54 Ref. S10
NiFeP@Ni-NCNF 1.61 Ref. S11
mCoq sFeq sP/rGO 1.66 Ref. S12
NiFeP NWs 1.68 Ref. S13
NiCuCoP 1.56 Ref. S14
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