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3.2.Material characterization
SEM was used for surface morphology characterization of fabricated thin films (Figure 3 and 
S3). As can be seen in Figure 3A, the surface of the bare FTO substrate consists of relatively 
large, well-defined, polygonal grains with sharp edges and clearly visible grain boundaries. 
The SEM images of prepared thin films show clear morphological differences between the 
samples examined. BO–1–4 exhibits a similar morphology, which differs from that of 
BO/BVO–1–5 and BVO–1. The surface morphology of BO–1, BO/BVO–1, and BVO–1 thin films 
is compared here as a sample of each category. BO samples comprise a very thin layer that 
smooths out the underlying FTO grains rather than displaying distinct grain clusters (Figure 
3B). Interestingly, BO/BVO–1 (Figure 3C) showed different patterns, with nanowires 
produced as a structure on the top of the thin films (also see BO/BVO-2 and 5 in Figure S3). 
while BVO–1 (Figure 3D) exhibits a typical wormlike grain morphology commonly observed in 
BiVO4-based materials [34]. These variations can be aligned with the phase composition 
identified through XRD analysis, indicating a relationship between structural evolution and 
phase distribution across the thin films with different dominant phases.

Figure 3. SEM top view images and EDX of fabricated thin films on the FTO-glass substrate 
(A), comparing BO-3 (B and E), BO/BVO-1(C and F), and BVO-1 (D and G) as sample of thin 

films with dominant-Bi2O3, Bi2O3-BiVO4 p-n heterojunction, and dominant-BiVO4, 
respectively.
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