Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2023

In situ construction of WNiM-WNi LDH (M = Se, S, P) with heterointerfaces as
highly efficient electrocatalyst for overall water splitting and urea oxidation

reaction
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The same volume of gas sample in the headspace of the electrolytic cell was withdrawn by a SGE
gas-tight syringe and analyzed by gas chromatography (GC). The O, in the sampled gas was
separated by passing through a 2 m x 3 mm packed molecular sieve SA column with an Ar carrier

gas and quantified by a Thermal Conductivity Detector (TCD)(Shimadzu GC-9A).

Fig. S1 (a—d) Typical SEM images of the WN LDH on Ni foam.
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Fig. S2 (a—) Typical SEM images of the WNS/WN LDH on Ni foam; (d-i) EDX element

mapping of Ni, W, S, and O.
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Fig. S3 (a—) Typical SEM images of the WNP/WN LDH on Ni foam; (d-i) EDX element

mapping of Ni, W, P, and O.
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Fig. S4 (a) XRD pattern of the WN LDH nanoarrays.
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Fig. S5 (a) XRD pattern; XPS of (b) survey, (c) high-resolution Ni 2p, (d) W 4f, (¢) S 2p and (f) O

1s spectra of the WNS-WN LDH nanoarrays.
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Fig. S6 (a) XRD pattern; XPS of (b) survey, (c) high-resolution Ni 2p, (d) W 4f, (¢) P 2p and (f) O

1s spectra of the WNP-WN LDH nanoarrays.
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Fig. S7. In 1.0 M KOH, OER cyclic voltammograms of a) WNi LDH/NF, b) WNiSe@WNi
LDH/NF, ¢) WNiS@WNi LDH/NF and d) WNiP@WNi LDH/NF at the different scan rates

varying from 20 to 100 mV s,
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Fig. S8 Electrocatalytic efficiency of O, production over WNiS@WNi LDH/NF.
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Fig. S9 SEM of WNiS@WNi LDH/NF after 12 h for OER.
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Fig. S10. In 1.0 M KOH, HER cyclic voltammograms of a) WNi LDH/NF, b) WNiSe@WNi
LDH/NF, c¢) WNiS@WNi LDH/NF and d) WNiP@WNi LDH/NF at the different scan rates

varying from 20 to 100 mV s,
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Fig. S11 Electrocatalytic efficiency of H, production over WNiP@WNi LDH/NF.



a  [—2omvs WNiLDHNF (D ——20mV s \ynise@wni LDH
e 041——40mV st " g 40mV st
< ——60mV s S  —60mVs!
< 1 < -1
E ——80mV s E ——80mV s
z 024——100mvs’' z 4 100mVs’
g g
k3 @
= =
S 0.0 5 0
E E
= =
< &
-4
029
1.00 1.04 1.08 112 1.00 1.04 1.08 112
6 Potential (V) - Potential (V)
1 -
€ [—2mVs' wNiS@WNiLDH € (ImVs"  WNiP@WNi LDH
'*E ——40mV s '*E ——40mV s
S [—6mv st S [—6mv st
E 31—8mvs' | |E [ 8mvs!
z | 100mVs! )|z [ 100mVs
2 . &
3 — /A
e 01 7 ] = 0
@ i @
£ £
= =
& <
234 =31
1.00 1.04 1.08 112 1.00 1.04 1.08 L12
Potential (V) Potential (V)

Fig. S12. In 1.0 M KOH with 0.5 M urea, UOR cyclic voltammograms of a) WNi LDH/NF, b)
WNiSe@WNi LDH/NF, ¢) WNiS@WNi LDH/NF and d) WNiP@WNi LDH/NF at the different

scan rates varying from 20 to 100 mV s,

Fig. S13 The physical image of H, and O,.
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Fig.S15 Density of states for the NiP,, (a) Ni and (b) P.




30 2.0
a w ] b P s
251 —D P
R 1.5 R
) d ® d
& 20+ sum | = sum
- <
i © 1.01
104
2 & 05
S - A
0 0.0
-60 40 20 0 -30 15 0 15
Energy (eV) Energy (eV)
Fig.S16 Density of states for the WP, (a) W and (b) P.
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Fig.S17 Density of states for the WNi-LDH, (a) Ni, (b) O and (c) W.




Supplementary Table

Table S1. Comparison of OER activity for various catalysts

Catalyst n(mV) at 10 electrolyte References
mA/cm?
WNiS-WNi LDH 64 1.0 M KOH This work
NiFe
LDH@NiCoP/NF 220 1.0 M KOH [1]
Fe-Ni LDH/MOF-b2 255 1.0 M KOH [2]
Fe-doped Co-Mo-S 268 1.0 M KOH [3]
CoP/Ni,P@HPNCP 294 1.0 M KOH [4]
NizB/Fe,0; 162 1.0 M KOH [5]
Table S2. Comparison of HER activity for various catalysts
n(mV) at 10 electrolyte References
Catalyst MA/em?
WNiP-WNi LDH 126 1.0 M KOH This work
CO5M01.0P
173 1.0 M KOH 6
NSs@NF ! O 6]
MoP@NPC/rGO 218 1.0 M KOH [7]
Ni-Fe-P 182 1.0 M KOH (8]
Ni3S, 170 1.0 M KOH [9]
NiS, 150 1.0 M KOH [10]
Co@N-C 210 1.0 M KOH [11]
Table S3. Comparison of UOR activity for various catalysts
V(V)at 10 electrolyte References
1
Catalyst A em?
WNiSe-WNi LDH 1.25 1.0 M KOH This work
MoNiFeS,@FeNi; 1.31 1.0 M KOH [12]
CoS,/Co-MOF||C0S,/Co-MOF 1.48 1.0 M KOH [13]
NiFe-LDH 1.39 1.0 M KOH [14]
Ni,P/Fe,P/NF 1.36 1.0 M KOH [15]
NigoFeg ;0x 1.455 1.0 M KOH [16]
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