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Fig. S1. Conductivity of solution as a function of CTAB concentration. In the reaction medium, 

first 3 M HCl was added to lower its pH to 2-3and then CTAB addition was performed in steps 

to increase the overall concentration of CTAB.

Fig. S2. Box whisker plot showing the particle size distribution determined from SEM surface 

images of WO3 thin films prepared with different CTAB/W molar ratios.

BET Analysis of WO3 NPs:
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The specific surface area and average pore size of the pristine WO3 nanoparticles (NPs) (CW0) 

and the best WO3 NPs sample (CW4), as determined using the multipoint Brunauer–Emmett–

Teller (BET) analysis, are summarized in Table S1. The N2 adsorption-desorption isotherms of 

CW0 and CW4 WO3 NPs are depicted in Fig. S3. According to IUPAC classification, the N2 

adsorption-desorption isotherm of CW0 (Fig. S3(a)) conforms to type-III, with a minimal 

hysteresis between adsorption and desorption curves, indicating its mesoporous nature with a 

wide distribution of pore size ranging from micro to mesopores.1 The N2 adsorption-desorption 

isotherm of CW4 NPs, shown in Fig. S3(b), has a hysteresis between adsorption and desorption 

curves typical of type-IV, mainly having mesopores.2 The specific surface area of CW4 NPs is 

20.02 m2/g, excedding the surface area of CW0, which is 14.71 m2/g. The higher surface area of 

CW4 NPs can be attributed to its comparatively better redox activity for Li+ ions. The average 

pore size of CW4 was 3.40 nm, slightly less compared with the 5.39  nm pore diameter of CW4.

Table S1. BET analysis of pristine (CW0) and the best sample (CW4).

Sample ID Specific S.A (m2/g) Total pore volume 

(cm3/g) @ 0.99

Average pore size (Å) 

@ 0.99

CW0 14.71 0.0397 53.95

CW4 20.02 0.0341 34.03



4

Fig. S3. BET adsorption/desorption curves of CW0 (a) and CW4 (b).

Electrocatalytic performance of WO3
 thin films:

The pristine thin film (labeled as CW0) and the best CTAB-modified thin film (labeled as CW4) 

were tested for hydrogen and oxygen evolution reactions (HER/OER) in aqueous 1M KOH 

electrolyte and 0.5 M H2SO4 using a three-electrode system. Due to the instability of thin films in 

acidic media, their performance for electrocatalytic water splitting was subsequently tested in 

alkaline media. The working electrode was prepared as a thin film against, with the reference 

Ag/AgCl electrode and graphite rod counter electrode completing the setup. The potential 

windows for HER and OER, with a sweep rate of 5 mV/s studies, were -0.8 to -1.5 V and 0.15 to 

0.85 V, respectively.
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Fig. S4. The LSV (a) & (b) and CV (c) & (d) curves for CW0 and CW4 for OER/HER in 

aqueous (1M KOH) were recorded at a scan rate of 5 mV/s.

The linear sweep voltammograms (LSV) and cyclic voltammograms (CV) at 5 mV/s of 

CW0/CW4 samples for OER/HER are depicted in Fig. S4(a) & (b) and Fig. S4(c) & (d), 

respectively. The WO3 thin films grown on FTO showed poor electrocatalytic performance, 

particularly for both HER and OER. However, their electrochemical application for water 

splitting can be further tuned by growing them on other conductive substrates such as metallic 

(Ni, Cu, etc.) foams, nitrogen-doped carbon materials like graphene, graphene, carbon 

nanotubes, and carbon cloth.
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