Figure 1. UV–visible absorption spectra of P. cereifera–mediated V₂O₅ nanoparticles. The nanoparticles exhibit a broad absorption band centered at approximately 320 nm, attributed to V–O charge-transfer transitions.
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Figure 2. Fourier-transform infrared (FTIR) spectra of (i) P. cereifera leaf extract, (ii) uncalcined, and (iii) calcined V₂O₅ nanoparticles. The spectra show changes in functional group vibrations, including reduced intensity of O–H and C=O bands and the appearance of characteristic peaks near 990 and 820 cm⁻¹, attributed to V=O and V–O–V stretching modes, respectively.
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Figure 3. X-ray diffraction (XRD) pattern of P. cereifera–derived V₂O₅ nanoparticles. The diffraction peaks indexed to the (200), (001), (101), (110), (310), (301), (411), and (002) planes are consistent with the orthorhombic phase of V₂O₅ (JCPDS No. 41-1426). The average crystallite size (~45 ± 5 nm) was estimated using the Scherrer equation [10]. No additional peaks corresponding to secondary phases were observed.
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Figure 4. Scanning electron microscopy (SEM) images and energy-dispersive X-ray (EDX) spectrum of biosynthesized V₂O₅ nanoparticles. (a–c) SEM micrographs show quasi-spherical particles with nanoscale dimensions in the range of 20–60 nm [22,23]. (d) EDX spectrum displays characteristic peaks of vanadium (V) and oxygen (O), indicating the elemental composition of the nanoparticles. A minor carbon signal is observed, which may be attributed to residual phytochemical species.
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Figure 5. Transmission electron microscopy (TEM) analysis of P. cereifera–derived V₂O₅ nanoparticles. (a,b) Low-magnification TEM images showing predominantly spherical particles with sizes in the range of 20–60 nm. (c) High-resolution TEM (HRTEM) image displaying lattice fringes with an interplanar spacing of approximately 0.34 nm, corresponding to the (001) plane [7]. (d) Selected-area electron diffraction (SAED) pattern showing concentric rings indexed to the (001), (101), (110), (310), and (301) planes of V₂O₅ .
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Figure 6. Zeta potential distribution of P. cereifera–derived V₂O₅ nanoparticles. The measured zeta potential value of −28.4 mV indicates a stable colloidal dispersion .
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Figure 7. α-Amylase inhibition by P. cereifera–derived V₂O₅ nanoparticles. Plot of enzyme inhibition (%) as a function of nanoparticle concentration (10–100 µg mL⁻¹). The data show a concentration-dependent increase in inhibition, with an IC₅₀ value of approximately 38.4 µg mL⁻¹. Acarbose was used as the reference inhibitor
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Figure 8. Cytotoxicity assessment of P. cereifera–derived V₂O₅ nanoparticles using the MTT assay after 24 h exposure. Cell viability (%) of A549 and HEK-293 cell lines is presented as a function of nanoparticle concentration. The data indicate a concentration-dependent decrease in viability of A549 cells, while comparatively lower effects were observed in HEK-293 cells under the tested conditions.
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Figure 9. Antibacterial activity of P. cereifera–derived V₂O₅ nanoparticles. Representative agar plate images showing zones of inhibition against S. aureus, E. coli, B. subtilis, and P. aeruginosa at nanoparticle concentrations of 25–100 µg mL⁻¹. The observed inhibition zones are in the range of approximately 18–20 mm and are comparable to the standard antibiotic control (ciprofloxacin).
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Figure 10. Antifungal activity of P. cereifera–derived V₂O₅ nanoparticles. Zones of inhibition against Candida albicans, Aspergillus niger, Fusarium oxysporum, and Penicillium sp. at nanoparticle concentrations of 25–100 µg mL⁻¹. Data are presented as mean ± standard deviation (n = 3).
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Figure 9. Cytotoxicity (MTT) assay of Parmentiera cereifera-V,Os
nanoparticles.
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