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Figure S1 LSV curves of P-NF with different plating time (a) during HER process and 

(b) during OER process in 1.0 M KOH + 0.5 M NaCl.



Figure S2 EIS curves of P-NF with different plating time (a) during HER process and 

(b) during OER process in 1.0 M KOH + 0.5 M NaCl. 



Figure S3 SEM images of P-NF with different reaction time (0, 30, 10 and 60 min).



Figure S4 The loading amount of NaH2PO2 on NF substrate with different electroless 

plating time. 



Figure S5 LSV curves of Ru@P-NF with different plating time (a) during HER process 

and (b) during OER process in 1.0 M KOH + 0.5 M NaCl.



Figure S6 EIS curves of Ru@P-NF with different plating time (a) during HER process 

and (b) during OER process in 1.0 M KOH + 0.5 M NaCl. 



Figure S7 SEM images of Ru@P-NF with different reaction time (12, 24 and 36 h).



Figure S8 The loading amount of RuCl3 on P-NF at 10 min and 36 h. 



Figure S9 EDS elemental mapping of Ru, Ni and P on the surface. 



Figure S10 (a) XPS survey spectra of Ru@P-NF. (b) X-ray Photoelectron 

Spectroscopy for Ru@P-NF and P-NF of Ru 3p orbit.



Figure S11 CV curves within a non-faradaic reaction region at different scan rates 

toward HER process for (a) P-NF and (b) Ru@P-NF electrodes. 



 Figure S12 Calculated TOF curves of Ru@P-NF and P-NF electrodes.



Figure S13 (a) HER Mass-normalization curves.  (b) OER Mass-normalization 

curves.

Figure S14 SEM images of post-HER Ru@P-NF electrode.



Figure S15 CV curves within a non-faradaic reaction region at different scan rates 

toward OER process for (a) P-NF and (b) Ru@P-NF electrodes.



 Figure S16 Calculated TOF curves of Ru@P-NF, and P-NF.



Figure S17 SEM images of post-OER Ru@P-NF electrode.



 

Figure S18 Faradaic efficiency experiment at the current density of 100 mA cm−2.



Figure S19 (a) XPS survey spectra of Ru@P-NF. (b) X-ray Photoelectron 

Spectroscopy for Ru@P-NF and post HER/OER Ni 2p orbit.



Supporting Tables

Table S1. Comparison the HER performance of Ru@P-NF with other electrocatalysts 

in 1.0 M KOH + 0.5 M NaCl.

Catalyst Overpotential Electrolyte Reference

s

Ru@P-NF η100=32 mV 1.0 M KOH + 0.5 M NaCl This work

Ru-MnFeP/NF η10=35 mV 1.0 M KOH + 0.5 M NaCl 1

Mo-NiSx/NF η10=136 mV 1.0 M KOH + 0.5 M NaCl 2

NF/Ni3S2/MnS η10=45 mV 1.0 M KOH + 0.5 M NaCl 3

Ru-NiCoP/NF η10=44 mV 1.0 M KOH + 0.5 M NaCl 4

RuIr-NC η10=46 mV 0.05 M H2SO4
5

Co-RuIr η10=14 mV 0.1 M HClO4
6

Ru0.5Ir0.5 η10=28 mV 1.0 M KOH 7

RuCu NSs/C η10=20 mV 1.0 M KOH 8

RuIrTe NTs η10=29 mV 0.5 M H2SO4
9

FexNi3‐xS2 @NF η10=72 mV 1.0 M KOH + 0.5 M NaCl 10

FeB2 η10=61 mV 1.0 M KOH + 0.5 M NaCl 11

Fe-Ni2P@C/NF η10=75 mV 1.0 M KOH + 0.5 M NaCl 12

Er-NiCoP/NF η10=46 mV 1.0 M KOH + 0.5 M NaCl 13

F0.25C1CH/NF η10=77 mV 1.0 M KOH + 0.5 M NaCl 14

P-CoFe-LDH@MXene/NF η10=85 mV 1.0 M KOH + 0.5 M NaCl 15

Co-VOx-P η10=98 mV 1.0 M KOH + 0.5 M NaCl 16



NiCo-LDH η10=168 mV 1.0 M KOH + 0.5 M NaCl 17

Ru-G/CC η10=40 mV 1.0 M KOH + 0.5 M NaCl 18

NiSe@CNTs η10=27 mV 1.0 M KOH + 0.5 M NaCl 19

W2N/WC η10=148.5 mV 1.0 M KOH + 0.5 M NaCl 20

MoS2 η10=48 mV 1.0 M KOH + 0.5 M NaCl 21

CS-NFO@PNC-700 η10=200 mV 1.0 M KOH + 0.5 M NaCl 22

Fe-Ni5P4/NiFeOH η10=197 mV 1.0 M KOH + 0.5 M NaCl 23

W-NiS0.5Se0.5 η10=39 mV 1.0 M KOH + 0.5 M NaCl 24

FeOOH/Ni3N η10=67 mV 1.0 M KOH + 0.5 M NaCl 25



Table S2. Comparison the OER performance of Ru@P-NF with other electrocatalysts 

in 1.0 M KOH + 0.5 M NaCl.

Catalyst Overpotential Electrolyte Reference

s

Ru@P-NF η10=153 mV 1.0 M KOH + 0.5 M NaCl This work

Ru-MnFeP/NF η20=191 mV 1.0 M KOH + 0.5 M NaCl 1

Mo-NiSx/NF η50=307 mV 1.0 M KOH + 0.5 M NaCl 2

NF/Ni3S2/MnS η100=245 mV 1.0 M KOH + 0.5 M NaCl 3

Ru-NiCoP/NF η20=216 mV 1.0 M KOH + 0.5 M NaCl 4

RuIr-NC η10=165 mV 0.05 M H2SO4
5

Co-RuIr η10=235 mV 0.1 M HClO4
6

Ru0.5Ir0.5 η10=176 mV 1.0 M KOH 7

RuCu NSs/C η10=234 mV 1.0 M KOH 8

RuIrTe NTs

(cannot be measured stably)

η10=205 mV 0.5 M H2SO4
9

FexNi3‐xS2 @NF η100=252 mV 1.0 M KOH + 0.5 M NaCl 10

FeB2 η10=296 mV 1.0 M KOH + 0.5 M NaCl 11

Fe-Ni2P@C/NF η400=269 mV 1.0 M KOH + 0.5 M NaCl 12

Er-NiCoP/NF η10=225 mV 1.0 M KOH + 0.5 M NaCl 13

F0.25C1CH/NF η10=228 mV 1.0 M KOH + 0.5 M NaCl 14

P-CoFe-LDH@MXene/NF η200=252 mV 1.0 M KOH + 0.5 M NaCl 15

Co-VOx-P η100=230 mV 1.0 M KOH + 0.5 M NaCl 16



NiCo-LDH η30=278 mV 1.0 M KOH + 0.5 M NaCl 17

Ru-G/CC η10=270 mV 1.0 M KOH + 0.5 M NaCl 18

Ni-Fe-Se / NF η100=222 mV 1.0 M KOH + 0.5 M NaCl 19

W2N/WC η10=320 mV 1.0 M KOH + 0.5 M NaCl 20

MoS2 η10=260 mV 1.0 M KOH + 0.5 M NaCl 21

CS-NFO@PNC-700 η10=217 mV 1.0 M KOH + 0.5 M NaCl 22

Fe-Ni5P4/NiFeOH η10=221 mV 1.0 M KOH + 0.5 M NaCl 23

W-NiS0.5Se0.5 η10=171 mV 1.0 M KOH + 0.5 M NaCl 24

FeOOH/Ni3N η10=224 mV 1.0 M KOH + 0.5 M NaCl 25



Table S3. The overall-water splitting performance for Ru@P-NF electrode and other 

electrodes with non-noble-metal electrocatalysts in 1.0 M KOH + 0.5 M NaCl.

Catalyst Overpotential Electrolyte Reference

s

Ru@P-NF η20=1.42 V 1.0 M KOH + 0.5 M NaCl This work

Ru-MnFeP/NF η10=1.47 V 1.0 M KOH + 0.5 M NaCl 1

Mo-NiSx/NF η10=1.594 V 1.0 M KOH + 0.5 M NaCl 2

NF/Ni3S2/MnS η20=1.53 V 1.0 M KOH + 0.5 M NaCl 3

Ru-NiCoP/NF η10=1.515 V 1.0 M KOH + 0.5 M NaCl 4

RuIr-NC η10=1.485 V 0.05 M H2SO4
5

Co-RuIr η10=1.52 V 0.1 M HClO4
6

Ru0.5Ir0.5 η10=1.48 V 1.0 M KOH 7

RuCu NSs/C η10=1.49 V 1.0 M KOH 8

RuIrTe NTs η10=1.511 V 0.5 M H2SO4
9

FexNi3‐xS2 @NF η10=1.51 V 1.0 M KOH + 0.5 M NaCl 10

FeB2 η10=1.57 V 1.0 M KOH + 0.5 M NaCl 11

Fe-Ni2P@C/NF η100=1.55 V 1.0 M KOH + 0.5 M NaCl 12

FePx/Fe–N–C/NPC η10=1.58 V 1.0 M KOH + 0.5 M NaCl 26

F0.25C1CH/NF η10=1.45 V 1.0 M KOH + 0.5 M NaCl 14

P-CoFe-LDH@MXene/NF η10=1.52 V 1.0 M KOH + 0.5 M NaCl 15

Fe‐doped CoP nanoarray η10=1.6 V 1.0 M KOH + 0.5 M NaCl 27

NiCo-LDH η10=1.63 V 1.0 M KOH + 0.5 M NaCl 17



Ni‐MoO2/NF‐

IH and NiFe LDH/NF-IH η10=1.5 V 1.0 M KOH + 0.5 M NaCl 28

NiSe@CNTs η500=1.72 V 1.0 M KOH + 0.5 M NaCl  13 

Ni3N-NiMoN catalysts η10=1.54 V 1.0 M KOH + 0.5 M NaCl 29 

MoS2 η10=1.45 V 1.0 M KOH + 0.5 M NaCl 21

CS-NFO@PNC-700 η500=1.861 V 1.0 M KOH + 0.5 M NaCl 22

Fe-Ni5P4/NiFeOH η10=1.55 V 1.0 M KOH + 0.5 M NaCl 23

Co4S3/Mo2C-NSC η10=1.62 V 1.0 M KOH + 0.5 M NaCl 30

FeOOH/Ni3N η10=1.56 V 1.0 M KOH + 0.5 M NaCl 25
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