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Fig. S1 The shifting of UV-vis. absorption band of CeO, on Ni-doping,
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Fig. S2 (a)Variation in intensity of peaks in XRD for CeO, and Ni-doped CeO,! (b) XRD

20 degree

pattern of Ni-doped CeO, with 14% Ni, and (c) zoom pattern of the peak corresponding to
NiO appearing in Ni-doped CeO, with 14% Ni.
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Fig. S3 (a)Variation in intensity, broadening, and shifting of Raman peaks and (b) the
bands at 610 cm™! correspond to the defect-induced mode (D) for CeO, and Ni-doped CeO,
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Fig. S4 (a) and (b) the relative integral area Ce 3d, (c) and (d) the integral area of O 1s for
Ce0O, and N1/CeO,.

The relative concentration of Ce3* was determined by calculating the ratio of the Ce3* peak
area to the total area under the Ce 3d spectrum. For the 10% Ni/CeO, sample, the Ce**
content was found to be approximately 25.17%, which is notably higher than the 14.39%
observed for pure CeQO,. This increase in Ce*" concentration upon Ni incorporation
suggests an enhancement in oxygen vacancy formation, likely due to the strong interaction
between Ni and CeO,*.

The relative percentage of Ce3*, determined by integrating the area under the corresponding

peaks for undoped CeO, and Ni/CeO,. The ratio of the area of peaks corresponding to Ce3*



to the area of the peaks corresponding to all peaks was used as an indicator of the

concentration of oxygen vacancies associated with Ce3" sites on the catalyst surface’.

Table S1: The relative amounts (%) of Ce3" were calculated from the areas under the

curves.
Label Binding CeO; (Area) Binding Ni/CeO; (Area)
energy (eV) energy (eV)
u” 882.5 10102.9 882.3 14440.5
u” 883.9 13691.2 885.2 7064.6
U’ 889 14450.4 888.3 9387.9
U 898.5 17959.2 898.3 10627.3
%A 901 12020.3 900.8 8463.6
\% 902.9 4370.7 903.3 3017.5
\% 907.6 13885.6 906.3 9891.2
v 916.9 14082.3 916.6 6452.5
Ce* (10102.9+4370.7) | Ce** (14440.5+3017.5)
=14473.6 = 17458
Total Area of | 100562.6 69345.1
Ce 3d
% of Ce3* =| 14473.6 / 17458/69345.1
Area of Ce*'/ | 100562.6
Total Area —25.17%




=14.39%

Table S2: The relative integral area of the O 1s peak calculated from the spectra®.

CeOz Ni/ CeOz
Peaks Binding Binding
assignment | Energy Energy

(eV) Area (A) (eV) Area (A)
OL 532.4 7907.02 529.9 9335.4
Oy 534.6 4783.60 532.1 18301.5
Oy/Oy, 0.6 1.9
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Fig. S5 (a) EPR spectra of pristine and doped CeO,, (b) Zoomed EPR signals, from the
region highlighted in blue, with their respective g-values, and (¢) Zoomed EPR signals,
from the region highlighted in pink (in the range of g = 2.07 to 2.15) showing additional
bands in Ni-doped CeO,’.

The intensity of the EPR spectra decreases as the concentration of Ni increases, as shown
in the enlarged EPR spectra (Fig. S5 b). The lowest intensity of the EPR spectra for
7



Ni/CeO, with 10% Ni suggests maximum oxygen vacancy defects. Further, there is an
additional band with G in the range of 2.07 to 2.15 observed in Ni/CeO,, and the same is
absent in pristine CeO,, This suggests the presence of Ni-related paramagnetic centres and

modified defect states in doped ceria.
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Fig. S6 (a) Nyquist Plot (EIS) for NF/CeO, and NF/1,5,10% Ni/CeO; electrodes, measured

Chronoamperometric curve at a constant potential of 1.48 V (vs RHE) for the NF/10%

Ni1/CeQO, electrodes.
Fig. S7 (a) Low-resolution TEM image of CeO,, and (b) the average particle size calculated

in 1 M KOH with a 10-mV amplitude over a frequency range of 10°-10° Hz and (b)
from the TEM image of Ni/CeO,.
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