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Figure S1. Photograph showing the deposition of Ni particles after the galvanic replacement 
by Ru on the nickel foam (NF) surface after 24 h immersion in RuCl3 solution.
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Figure S2. XRD patterns for NF-Ru in comparison with bare NF 

Figure S3. XRD patterns for Ni2P-Ru/NF developed after keeping the NF in RuCl3 solution at 
different times (3, 16, 20 and 24 h).
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Figure S4. a) XPS survey spectra for Ni2P-Ru/NF (24 h) and bare NF. b) XPS deconvoluted 
spectrum for Ni 2p (bare NF).

Figure S5. XPS deconvoluted spectra for Ni2P-Ru/NF (24 h): a) Ru 3p and b) O 1s.
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Figure S6. SEM micrographs of a) bare NF and b-d) Ni2P-Ru/NF (24 h) catalysts.

Table S1. HER performance for the different catalysts in the study.

 

Catalyst
Immersion time 

in RuCl3 solution
(h)

Overpotential 
at 10/20 mA cm−2

(mV)

Ni2P-Ru/NF (3 h) 3 113/145

Ni2P-Ru/NF (16 h) 16 92/114

Ni2P-Ru/NF (20 h) 20 69/88

Ni2P-Ru/NF (24 h) 24 40/60

Bare NF – 329/364

Ni2P/NF – 290/316

Pt-Ru/C – 23/28
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Table S2. Comparison of the alkaline HER performance of Ni2P-Ru/NF (24 h) with recent 
literature on Ru- and Ni-based catalysts in 1 M KOH solution.

Catalyst
Current 
density

(mA cm−2)

Overpotential
(mV) Reference

Ni2P-Ru/NF (24 h) 100 107 Present work

Ni2P-Ru/NF (24 h) 10 40 Present work

Ru-S-2/C 10 40 1

RuP2@NPC 10 52 2

Ru@C2N 10 17 3

RuSi 10 37 4

Ru2P 10 57 5

Ru-Ru2P@PC 10 43.4 6

P-Ru/C 10 31 7

S-RuP@NPSC-900 10 92 8

Ru/CoO 10 55 9

Ru1CoP/CDs-1000 10 51 10

Ru SAs-Ni2P NPs 10 57 11

NiRu0.13-BDC 102 34 12

NiCoDPA 10 112 13

Ni-Fe/NiMoNx/NF 20 49 14

NiFeOOH/NF 10 145 15

Ru/Ni2P/NF 100 130 16

RuCoP/NF 10 44 17

CeOx-NiB@NF 10 19 18

Co2Fe-P 10 48 19

Cu2S/Ni3S2/NF-3 10 50 20

CoS2-2 10 288 21
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Figure S7. HER curve recorded for PtRu/C in N2 saturated 1M KOH solution.

Table S3. Comparison of the OWS performance of IrO2/NF||Ni2P-Ru/NF with recent reports 
in 1 M KOH electrolyte solution.

Anode||Cathode Current density
(mA cm−2)

Potential
(V) Reference

IrO2/NF||Ni2P-Ru/NF 10 1.6 Present work

RuCoP/NF||RuCoP/NF 10 1.533 21

IrO2@MnO2/rGO||IrO2@MnO2/rGO 10 1.6 22

NiV/Ir LDH||NiV/Ir LDH 10 1.49 23

IrNi/NF||IrNi/NF 10 1.6 24

Ni-S-Se/NF||Ni-S-Se/NF 10 1.57 25

Ni2P−CuP2/NF||Ni2P−CuP2/NF 10 1.45 26

NiFeOOH/NF||NiFeOOH/NF 10 1.59 27

LSC/K-MoSe2||LSC/K-MoSe2 10 1.59 28

Co2Fe-P||Co2Fe-P 10 1.54 19

Ir1@Co/NC||Ir1@Co/NC 10 1.61 29

MnO2/Co3O4||MnO2/Co3O4 10 1.66 30



S-7

Ru-Ni2P/NiO/NF HNSs
|| S-(Ni,Fe)OOH /NF 50 1.63 31

.

Figure S8. a) Linear fitting of current density vs scan rate showing the Cdl for bare NF, Ni2P/NF 
and Ni2P-Ru/NF (24 h) catalysts. CV curves for the different catalysts at varying scan rates for 
b) Ni2P-Ru/NF, c) Ni2P/NF, and d) bare NF.
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Figure S9. HER LSV curves normalized with ECSA for the Ni2P-Ru/NF (24 h, 400 μm) along 
with bare NF (400 μm) and control sample of Ni2P/NF (400 μm) in N2-saturated 1 M KOH 
solution.

Figure S10. Total density of states (DOS) calculated for Ni2P-Ru without and with H* 
adsorption (The values shown correspond to spin down and up states).

Figure S11. Total DOS calculated for Ni2P and Ni2P-Ru with the values shown corresponding 
to spin up states.
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Figure S12. Optimized structure of Ni2P-Ru after H2O* adsorption. 

Figure S13. XPS deconvoluted spectra of a) Ru3p and b) O1s for Ni2P-Ru/NF (24 h) after the 
HER durability test.
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Figure S14. SEM images after the durability test for Ni2P-Ru/NF (24 h).

Figu
re 
S15. 
SEM
-
EDS 
map
ping 
of 
Ni2P-Ru/NF (24 h) after the durability test. 
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Table S4. The H* adsorption energy (ΔGH* in eV) on different surfaces: Ru(001), N and P site 
of Ni2P-Ru, Pt(111) site of Pt/C and PtRu/C, along with Ru site of PtRu/C. The distances (in 
Å) of interaction between hydrogen atom (H) and the different sites. 

Configuration Adsorption energy of H, ΔGH*
(eV)

H distance from surface
(Å)

Ni2P-H
H on Ni −1.28 Ni-H: 1.4846

Ni2P-Ru-H
H on Ru 0.128 Ru-H: 1.6528

Ni2P-Ru-H
H on Ni 0.425 Ni-H: 1.48

Ni2P-Ru-H
H on P −0.131 P-H: 1.43

Pt (111)-C-H
H on Pt 0.122

Pt(111)-Ru-C-H
H on Pt −0.678 Pt-H: 1.88

Pt(111)-Ru-C-H
H on Ru −1.955 Ru-H: 1.66

Figure S16. Modelled catalyst systems for the DFT studies: a) Ni2P (Purple : Ni, Blue : P), b) 
Ni2P-Ru (Purple : Ni, Blue : P, Grey : Ru), c) Pt/C ((Purple : Pt, Yellow : C), and d) PtRu/C 
(Purple : Ni, Grey : Ru, Yellow : C). 

a b
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Table S5. The H2O* adsorption energy (eV) on different surfaces: Ru(001) site of Ni2P-Ru, 
Pt(111) site of Pt/C. The distances (in Å) of interaction between surface and water molecule. 

Configuration Adsorption energy of H2O ( )
∆𝐺𝐻2𝑂 ∗

(eV)

H2O distance from 
surface

(Å)
Ni2P-Ru-H2O
H2O on Ru –0.458  2.3

Pt(111)-C-H2O
H2O on Pt 1.15 3.5

Figure S17 a) The H-type cell based overall water splitting (OWS) for qualitative assessment 
of the Ni2P-Ru electrode b) Chronopotentiometry curve recorded for 24 h at 100 mA cm−2 
showing the stability of the OWS system in 1M KOH solution.
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