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Fig. S1 UV-vis spectra of CeO2 and Ag/CeO2 nanocomposites.
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Fig. S2 Calculated band gap by UV-vis diffuse reflectance spectra (DRS) of CeO2 and 
Ag/CeO2 nanocomposites.
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Fig. S3 Variation in intensity, broadening and shifting of PXRD peaks of CeO2 and 
Ag/CeO2.
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Fig. S4 Variation in intensity, broadening and shifting of Raman peaks of CeO2 and 
Ag/CeO2 and (b) calculated the integrated area of the D peak to the F2g peak for CeO2 and 
Ag/CeO2 by ID/IF2g 1. 
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Fig. S5 The XPS survey of CeO2 and Ag/CeO2 nanocomposites.

The total cerium ions integral area of Ce 3d divide by the area of each peak2,3. It is 
calculated that 17.89% of Ce+3 for Ag/CeO2 and is higher than 13.92% of the CeO2. That 
means the addition of Ag causes the increase of oxygen vacancies in CeO2.

[𝐶𝑒 + 3] =
(𝐶𝑒 + 3 )𝐴𝑟𝑒𝑎 

∑ (𝐶𝑒 + 4 + 𝐶𝑒 + 3 ) 𝐴𝑟𝑒𝑎
 × 100
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Table S1 High-resolution Ce 3d XPS results. The listed-out figures are the binding energies 
(BE) and the area of each peak. The ratio of Ce+3 / Ce+3 + Ce+4 was calculated to illustrate 
the content of oxygen vacancy around Ce+3 sites on the catalyst surface.

Peaks assignment Binding energy (eV) Ag/CeO2 (Area) CeO2 (Area)

U 881-882 13048.3 14323.89

U’ 884-885 7781.8 6593.19

U’’ 887- 888 9114.15 10379.9

U’’’ 897- 898 10917.54 10987.85

V 900-901 5720.20 7015.92

V’ 902-903 4407.05 3264.08

V’’ 905-906 11210.04 11593.14

V’’’ 915-917 6531.96 6620.91

V’ and U’ Total area of Ce³⁺ 12189.05 9857.27

V’’’, V’’, V, U’’’, 
U’’, U

Total area of Ce4⁺ 55941.99 60921.61

Total of Ce+3 + Ce+4 68131.04 70778.88

% of Ce+3 from

Ce 3d = Ce+3/ Ce+3 + Ce+4

17.89 13.92
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Model Gauss
Equation y=y0 + (A/(w*sqrt(pi/2)))*exp(-2*((x-xc)/w)^2)
Plot Peak1(Smoothed Y1) Peak2(Smoothed Y1)
y0 176.5031 ± 12.95746 176.5031 ± 12.95746
xc 881.64126 ± 0.01941 884.53368 ± 0.03463
w 2.25061 ± 0.03226 2.09561 ± 0.09953
A 14323.89242 ± 243.29682 6593.1998 ± 636.02109
Reduced Chi-Sqr 9970.46356
R-Square (COD) 0.99549
Adj. R-Square 0.99523
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Fig. S6 High-resolution XPS spectra of Ce 3d comparative study for (a) Ag/CeO2 and (b) 
CeO2.
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Fig. S7 (a) Low resolution TEM image and (b) calculated average size for Ag/CeO2, (c) 

interplanar spaces and (d) average size calculated to individually the Ag and CeO2.

Fig. S8a presents the Nyquist plot obtained from the electrochemical impedance 

spectroscopy (EIS) of NiF/CeO₂ and NiF/Ag/CeO₂ electrodes, measured in 1 M KOH with 

a 10-mV amplitude over a frequency range of 10⁵–100 Hz. The solution resistance (Rct) 

was found to be 6.6 Ω. The charge transfer resistance (Rct) for the NiF/CeO₂ and NiF/Ag-

CeO₂ electrodes was calculated to be 5.8 Ω and 3.4 Ω, respectively. The lower charge 

transfer resistance of the NiF/Ag/CeO₂ electrode compared to the NiF/CeO₂ electrode 

indicates enhanced charge transfer efficiency in the NiF/Ag/CeO₂ system. Fig. S8b shows 

the current vs time curve for the NiF/Ag/CeO₂ electrode under illumination, demonstrating 

that the electrode-maintained stability throughout the experiment.
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Fig. S8 (a) Nyquist Plot (EIS) for NiF/CeO₂ and NiF/Ag/CeO₂ electrodes, measured in 1 
M KOH with a 10-mV amplitude over a frequency range of 10⁵–100 Hz (b) 
Chronoamperometric curve at a constant potential of 1.6 V (vs RHE) for the NiF/Ag/CeO₂ 
electrode under illumination.
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