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Figures and Tables

Figure S1. SEM image of N-Ni(OH),.
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Figure S2. a) The exy strain component using geometric phase analysis (GPA)
algorithm, and b) histogram of strain distribution of Ru-Ni,P@CN.



Figure S3. EDX of Ru-Ni,P@CN catalyst.
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Figure S4. XPS measured the spectra of Ru-Ni,P@CN and Ru-Ni,P@C.
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Figure S5. XPS measured the spectra of Ru-Ni,P@CN and Ru-Ni,P@C.
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Figure S6. High-resolution spectra of (a) Ni 2p. (b) Ru 3p. (c) P 2p. (d) N 1s. (e) Ru
3d & C 1s.
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Figure S7. a) CV curves of the non-faradic region for Ni,P@CN, (b) Ru-Ni,P, (c)
Ru-Ni,P@CN and (d) Ru-Ni,P@C.
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Figure S8. Nyquist and Bode plots for Ni,P@CN, Ru-Ni,P, Ru-Ni,P@CN and Ru-
Ni,P@C in 1.0 M KOH.



Figure S9. SEM of Ru-Ni,P@CN after HER.
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Figure S10. XPS spectra of the Ru-Ni,P@CN after HER stability test: (a) Ni 2p, (b)
Ru 3p, (¢) P 2p, (d) N 1s, and (¢) Ru 3d & C 1s spectrum.
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Figure S11. a) CV curves of the non-faradic region for Ni,P@CN, (b) Ru-Ni,P, (¢)
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Figure S12. Nyquist and Bode plots for Ni,P@CN, Ru-Ni,P, Ru-Ni,P@CN and Ru-
Ni,P@C in 1.0 M KOH and 0.5 M urea.



Figure S13. SEM of Ru-Ni,P@CN after UOR.
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Figure S14. XPS spectra of the Ru-Ni,P@CN after UOR stability test: (a) Ni 2p, (b)
Ru 3p, (¢) P 2p, (d) N 1s, and (e¢) Ru 3d & C 1s spectrum.
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Figure S15. Electrocatalytic overall water splitting performance of Ru-
Ni,P@CN]|Ru-Ni,P@CN in 0.5 M urea solution was compared with that of Ru-
Ni,P@CN]|Ru-Ni,P@CN in 1.0 M KOH.



Figure S16. SEM image of Ru-Ni,P@CN-5.
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Figure S17. SEM image of Ru-Ni,P@CN-10.



Figure S18. SEM image of Ru-Ni,P@CN-20.
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Figure S19. XRD patterns of Ru-Ni,P@C, Ru-Ni,P@CN-5, Ru-Ni,P@C-10, Ru-
Ni,P@C, and Ru-Ni,P@CN-20.
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Figure S20. a) LSV curves of Ru-Ni,P, Ru-Ni,P@CN-5, Ru-Ni,P@CN-10, Ru-
Ni,P@CN, and Ru-Ni,P@CN-20 in 1.0 M KOH. b) Tafel slopes. c) EIS charts d) Cgy
plots of Ru-Ni,P@C, Ru-Ni,P@CN-5, Ru-Ni,P@CN-10, Ru-Ni,P@CN, and Ru-
Ni,P@CN-20.
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Figure S21. CV curves of the non-faradic region for (a) Ru-Ni,P@C, (b) Ru-

Ni,P@CN-5, (c) Ru-Ni,P@CN-10, (d) Ru-Ni,P@CN, and (d) Ru-Ni,P@CN-20.
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Figure S22. a) LSV curves of Ru-Ni,P, Ru-Ni,P@CN-5, Ru-Ni,P@CN-10, Ru-
Ni,P@CN, and Ru-Ni,P@CN-20 in 1.0 M KOH. b) Tafel slopes. c) EIS charts d) Cgy
plots of RuNi,P@C, Ru-Ni,P@CN-5, Ru-Ni,P@CN-10, Ru-Ni,P@CN, and Ru-
Ni,P@CN-20.
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Figure S23. CV curves of the non-faradic region for (a) Ru-Ni,P@C, (b) Ru-
Ni,P@CN-5, (¢) Ru-Ni,P@CN-10, (d) Ru-Ni,P@CN, and (d) Ru-Ni,P@CN-20.
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Figure S24. Electrocatalytic overall water splitting performance of Ru-Ni,P, Ru-
Ni,P@CN-5, Ru-Ni,P@CN-10, Ru-Ni,P@CN, and Ru-Ni,P@CN-20 in 0.5 M urea
solution.



Table S1. Comparison of Ru, Ni, P, N, and C contents in different electrocatalysts
obtained from XPS tests.

Electrocatalysts/ele Ru Ni p N C
ment(at%)
Ru-Ni,P@C 0.34 14.55 32.66 0 48.45
Ru-Ni,P@CN 0.69 12.86 29.26 8.12 47.38




Table S2. Comparison of electrochemical surface area (ECSA) of Ru-Ni,P@CN
catalyst and other comparative samples for HER.

Electrocatalysts Cq (mF cm?) Cpy, (mF) ECSA (cm™)
Ni,P@CN 17.9 17.9 447.5
Ru-Ni,P 29.33 29.33 733.25
Ru-Ni,P@CN 108.38 108.38 2709.5
Ru-Ni,P@C 74.28 74.28 1857

Cpr=Ca*S; S=1*1 cm?; ECSA=Cp;/C; C~0.04 mF cm™2.



Table S3. Internal resistance (Rq) and charge transfer resistance (R.;) of Ru-

Ni,P@CN catalyst and other comparative samples for HER

Electrocatalyst R(Q
ectrocatalysts Ro(Q) (Q)
Ni,P@CN 0.43 18.16
Ru-Ni,P 0.46 12.89
Ru-Ni,P@CN 0.40 0.66

Ru-Ni,P@C 0.42 2.93




Table S4. The overpotential required for excessive metal-based electrocatalysts was
recently reported in an alkaline environment of 1000 mAcm-2.

HER
Catalyst Moo (mV) References
this work 255 O
Ni/MoO,@CN 267 [1]
Niy(1-x)Mo,xP 294 [2]
Ni;P/MnOOH/NF 268 [3]
Ni,P/NF 306 [4]
F, P-Fe;O4/1F 321.3 [5]
NiP,-FeP, 327 [6]
Ni2P-Fe2P/NF 333 [7]
FeWO,-Ni;S,@C/NF 343 [8]
A-NiCo LDH/NF 384 [9]
Pt/C/NF 431 [9]
HC-Mo,S/Mo,C 441 [10]

Pd,S/Pd;Py o5 486 [11]




Table S5. ICP results of Ru before and after HER of Ru-Ni,P@CN

Sample Ru content (at%)

Initial 0.72

After-HER 0.70




Table S6. Comparison of electrochemical surface area (ECSA) of N-Ru,P@Ru catalyst
and other comparative samples for UOR.

Electrocatalysts Cq (mF cm?) Cpr. (mF) ECSA (cm™)
Ni,P@CN 175.81 175.81 4395.25
Ru-Ni,P 118.37 118.37 2959.25
Ru-Ni,P@CN 43.59 43.59 1089.75
Ru-Ni,P@C 62.77 62.77 1569.25

Cpr=Ca*S; S=1*1 cm?; ECSA=Cp;/C; C~0.04 mF cm™2.



Table S7. Internal resistance (Rq) and charge transfer resistance (R.;) of Ru-

Ni,P@CN catalyst and other comparative samples for UOR

Electrocatalyst R(Q
ectrocatalysts Ro(Q) (Q)
Ni,P@CN 0.48 13.48
Ru-Ni,P 0.46 5.58
Ru-Ni,P@CN 0.46 1.76

Ru-Ni,P@C 0.47 4.14




Table S8. The potential required for a noble metal-based electrocatalyst in 0.5 M urea
solution environment at 10 mA c¢cm has recently been reported.

Catalyst The electrolyte Potential (V) References
_l’_
this work I M ROH+0.5M 1.31 0
Urea
1 M KOH+0.33
i 1,P/NF-4 1. 12
NiO/Ni,P/NF-40 M Urea 338 [12]
Co,P/NiMoO, 1 M KOH+0.5M 134 [13]
Urea
Urea
MOF-Ni@ 1 M KOH+0.33
1.34 1
MOF-Fe-S M Urea 347 [15]
1 M KOH+0.5 M
Ni,P/MoO,/NF O 1.35 [16]
Urea
1 M KOH+0.33
Fc-NiCo-BD 1. 1
c-NiCo C M Urea 35 [17]
. 1.0 M KOH
P-Mo-Ni(OH), +0.1 M urea 1.35 [18]
. . 1 M KOH+0.33
N1F3/N12P M Urea 1.36 [19]
1 M KOH+0.33
i-MOF 1. 2
Ni-MO M Urea 37 [20]
1 M KOH+0.5 M
i T 1. 21
Ni@NCN Urea 38 [21]
+
MoP@NiCo-LDH/NF-20 I MKOH*0.5M 1.392 [22]
Urea
1 M KOH+0.33
CoO-CosN@NiFe-LDH O 1.393 [23]

M Urea




Table S9. The potential required for a noble metal-based electrocatalyst in 0.5 M urea
solution at 10 mA cm has recently been reported.

Catalyst Pitential (V) References
this work 1.313 [
Ru-NizN@NC 1.36 [24]
Ni(OH)S/NF 1.36 [25]
NiSe;-NiMoOy4 1.37 [26]
NiS@Ni3S,/NiMoO, 1.4 [27]
P-CoNi,S, 1.4 [28]
Ni-Mo nanotube 1.43 [29]
NiCo,S4 1.45 [30]
Ni-S-Se/NF 1.47 [31]
Ni,P/Fe,P/NF 1.47 [32]
Ni,P/CFC 1.48 [33]
Ni(OH),-PBA-P 1.5 [34]

NiF3/Ni,P@CC-2 1.54 [35]




Table S10. Internal resistance (Rq) and charge transfer resistance (R) of Ru-

Ni,P@CN catalyst and other comparative samples for HER

Electrocatalyst R.(Q
ectrocatalysts Ro(Q) (Q)
Ru-Ni,P 0.46 12.89
Ru-Ni,P@CN-5 0.46 1.40
Ru-Ni,P@CN-10 0.44 0.82
Ru-Ni,P@CN 0.40 0.66

Ru-Ni,P@CN-20 0.42 2.13




Table S11 Internal resistance (Rq) and charge transfer resistance (R) of Ru-

Ni,P@CN catalyst and other comparative samples for UOR

Electrocatalyst R.(Q
ectrocatalysts Ro(Q) (Q)
Ru-Ni,P 0.46 5.58
Ru-Ni,P@CN-5 0.46 2.58
Ru-Ni,P@CN-10 0.47 2.47
Ru-Ni,P@CN 0.46 1.76

Ru-Ni,P@CN-20 0.48 3.31
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