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Reagents and Instruments:




Nickel nitrate Hexahydrate (Ni(NO;),.6H,0), Cobalt nitrate Hexahydrate (Co(NOj;),.6H,0),
Urea, Cerium nitrate Hexahydrate (Ce(NO3);.6H,0), Ammonium fluoride (NH4F) were purchased
from Sigma-Aldrich and used as received. IN HCI, Ethanol and Acetone were purchased from
Merck and used as received. Ni foam was purchased from Sigma-Aldrich and used after
surface cleaning. The electrochemical analyser AURT-M204 was used for all electrochemical
characterizations. Hg/HgO reference electrode (1M KOH) from CH instruments and platinum
as counter electrode from Alfa-Aesar were used throughout the electrochemical studies. The
entire experiments were conducted using deionised water. Characterization of the catalyst
was done by HR-TEM, (Tecnai™ G? TF20), operating at an accelerating voltage of 200 kV
and elemental color mapping by Talos F-200-S with HAADF. Energy Dispersive X-ray
Spectroscopy (EDS) analysis was performed by SUPRA 55VP Carl Zeiss with a separate
EDS detector. Scanning Electron Microscopy (SEM) analysis was carried with a Hitachi,
Japan (Model S-3000H) having magnification varying from 30X to 300 KX with the
accelerating voltage ~ 0.3 to 30 kV. XRD analysis was carried out with a scanning rate of 5°
min! in the 20 range 10-90° using a Rigaku X-ray powder diffractometer (XRD) with Cu K,

radiation (4 = 0.154 nm).
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Figure S1: XRD spectra of NiCo-LDH, 8.5%, 17% and 25.5% Ce@NiCo-LDH in Nickel
foam.



Full Scale 16902 cts Cursor: 0.000 ke! Full Scale 32445 cts Cursor: 0.000 ke

Figure S2: EDS spectrum of (a) NiCo-LDH/NF (b) 25.5% Ce@NiCo-LDH/NF from

FESEM showing the presence of expected elements.
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Figure S3: Combined XPS spectra of Ce@NiCo-LDH/NF.
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Determination of Surface concentration of various alloys from the redox features of
Cviz

e Calculated area associated with the oxidation of Ni** to Ni%* of NiCo-LDH= 0.00287
VA

Hence, the associated charge is = 0.0287 VA / 0.005 Vs-1
=5.56 As
=35.56C
Now, the number of electron transferred is = 5.586 C / 1.602 x10-1°
= 3.45 x10"°

Since, the reduction of Ni*" to Ni** is a single electron transfer reaction, the number of

electrons calculated above is exactly the same as the number of surface-active sites.
Hence, the number of Ni participate in OER is = 3.45 x10'?

Hence, Determination of Turnover Frequency (TOF) from OER Current Density TOF in our
study was calculated assuming that the surface-active Co atoms that had undergone the redox
reaction just before onset of OER only participated in OER electrocatalysis. The

corresponding expression is,
TOF=j xNp/FxnxT

Where, j = current density Ny= Avogadro number F = Faraday constant n = Number of

electrons I' = Surface concentration.
TOF=[(3.91 x 1073) (6.023x 102¥]/[(96485) (4) (3.45 x10'%)
=0.000176 sec!

e Calculated area associated with the oxidation of Ni** to Ni** of 25.5%Ce@NiCo-
LDH = 0.0373VA

Hence, the associated charge is = 0.0373VA / 0.005 Vs-1
=17.46 As

=17.46 C



Now, the number of electron transferred is = 7.46 C / 1.602 x10-1°
=4.636 x101°

Since, the reduction of Ni*" to Ni** is a single electron transfer reaction, the number of

electron calculated above is exactly the same as the number of surface-active sites.

Hence, the number of Ni participate in OER is = 4.636 x10!°

Hence, we have,

TOF = [(51x 103) (6.023x 1029] / [(96485) (4) (4.636x10'%)]
=0.00171 sec™!

Similarly, TOF values were calculated for 8.5% Ce@NiCo-LDH and 17% Ce@NiCo-LDH
and they were 0.000549 sec™! and 0.000923 sec!.
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Figure S5: The area of Reduction peak of A) NiCo-LDH/NF (B-D) 8.5%, 17% and 25.5%

Ce doped NiCo-LDH/NF.
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Figure S6: The electrochemically effective surface area of A) NiCoLDH/NF (B-D)

8.5%,17% and 25.5% Ce@NiCo-LDH/NF in OER.
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Figure S7: ECSA normalized LSV polarisation curve plot of NiCo-LDH/NF, 8.5%, 17% and
25.5% Ce@NiCo-LDH/NF.
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Figure S8: OER polarisation curve of 25.5% Ce doped NiCo-LDH/NF before and after AD.
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Table S1: Comparison table for OER activity of Ce@NiCo-LDH/NF with
similar type of catalyst.

3

SI.No Catalyst Overpotential Tafel Current | Reference
(mV) slope density
(mV/dec) | (mA/cm?)

1 ZnCo-LDH/N:i foil 520 83 10 1

2 Fe3* rich CoFe-LDH 310 - 10 2

3 CoFe Borate-LDH 418 131 10 3

4 NiCo,S4@CoNiy-LDH 337 112 100 4

5 CoFe-LDH on graphene 330 43 10 5

6 CdS@NiCo-LDH/NF 198 39 100 7

7 NiyCo,Fe;- LDH 320 65 10 7

8 CoFe LDH/tGO 396 43 10 5

9 Exfoliated NiCo- LDH 334 41 10 8
10 Ce@NiCo-LDH/NF 250 98 50 This work
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Table S2: Comparison table for HER activity of Ce@NiCo-LDH/NF with
similar type of catalyst.

SI.No Catalyst Overpotential | Tafel slope Current Reference
(mV) (mV/dec) density
(mA/cm?)

1 CoFe-OH/Ni foam 110 72 10

9
2 NiFeCo LDH 108 73 10 9
3 Ni3S2/Cu-NiCo 156 129 10 10

LDH/NF

4 CoMoV LDH/NF 150 182 10 11
5 | CoFe LDH @g-C3N4 210 79 10 12
6 NiCo-OH 350 150 10 13
7 Ce@NiCo-LDH/NF 134 98.6 50 This work
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Table S3: Comparison table for total water splitting of Ce@NiCo-LDH/NF

with similar type of catalyst.

SI.No Catalyst Potential | Electrolyte | Current Reference
(mYV) density
(mA/cm?)

1 Nig.75Fe.125Vo.125- 1.591 1.0M KOH 10 14
LDHs/NF

2 Co@Ir/NC-x 1.7 1.0M KOH 10 15

3 Ni3S,/Cu-NiCo 1.75 1.0M KOH 100 5
LDH/NF

4 NizSe4@NiFe LDH 1.54 1.0M KOH 10 16

5 Ce@NiCo-LDH/NF 1.68 1.0M KOH 10 This work
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Figure S10: Ball and stick models for optimized structure of (A) Ni,;3Coy/3(OH), (Co atoms
replacing nearby Ni atoms).The blue, grey, and red color balls represent Co, Ni, and O,

respectively. A comparison of the octahedral bond distances of NiOg and CoQOg,

Computational Methodology:

In this work, first principles density functional theory (DFT) approach was carried out
by employing the plane-wave based formalism, as implemented in the Vienna Ab initio
Simulation Packages (VASP)!°. The electron—electron interactions were corrected by
generalized gradient approximations (GGA) in the scheme of Perdew—Burke—Ernzerhof,?°
and ion-electron interactions, were described by projector-augmented wave (PAW) approach.
The kinetic energy cut-off of 400 eV was used for plane-wave expansion and the total free
energies in all the cases were converged below 10~ eV. Iterative relaxation processes were
repeated until a Hellman-Feynman force of atoms along any axis was converged below to
0.01 eV/A. To avoid interaction between real system and its periodic images, vacuum
thickness placed in the z-direction was kept to be > 15A. Gamma centred K-grid of 3 x 3 x 1
is used for optimizing 3x3x1 surface slab. The entire DFT calculations were performed by

the spin-polarized calculations in which initial moment of all transition metal atoms, was set

18



to be aligned parallel to one another. VESTA was used to render all of the atomic models as

well as the spin density.?!

Figure S11: (A-C) SEM image of Post OER characterization of Ce@NiCo-LDH/NF (D-E)
FESEM image of Post OER characterization of Ce@NiCo-LDH/NF.
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Figure S12: (A-B) Post OER HR-TEM images of Ce@NiCo-LDH/NF (C) the corresponding
lattice fringes of the post OER sample (D) SAED pattern for the post-OER sample (E) Post
OER HAADF image of Ce@NiCo-LDH/NF obtained for the mapping analysis (F-G) the

characteristic colour mapping results for O, Ce, Ni and Co.
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Figure S13: Raman spectrum of 25.5% Ce doped NiCo-LDH/NF before and after the OER
study.
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(C) O 1s orbitals of NiCo-LDH and Ce@ NiCo-LDH/NF before and after OER.
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