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‘o this work, phase-pure ZnO nanoparticles were synthesized via an ultrasonic-assisted sonochemical route and systematically

“haracterized 1o elucidate their structural, thermal, optical, and photocatalytic properties. Thermogravimetric analysis revealed a minor

mass loss (~3.5%) below 400 °C, aitributed to the removal of surface-adsorbed organic species, confirming the subsequent thermal

wability of ZnO NPs. X-ray diffraction analysis confirmed the formation of a single-phase hexagonal wurizite structure (space group
“Ssme) with a lattice parameter a = 3.517 A and an average crystallite size of 21.6 nm, as estimated by the Debye-Scherrer equation.
“nergy-dispersive X-ray spectroscopy verified the stoichiometric Zi-O composition, with trace carbon arising from residual surface
species. Scanning and transmission electron microscopy revealed quasi-spherical polycrystalline aggrepates with a mean particle size of
+4.22 nm. High-resolution TEM analysis displaved well-defined lattice fringes with interplanar spacings of 0.28 nm (100) and 0.26 nm
2). indicating the presence of single-crystalline domains within the aggregates, FT-IR spectroscopy confirmed residual organic
anctional groups alongside characteristic Zn—0O vibrational modes in the 848-404 cm’! range. UV-visible spectroscopy demonstrated a

«dened direct bandgap of 3.27 eV, indicative of quantum confinement effects. Photocatalytic performance evaluated under 366 nm UV
~=diation showed efficient degradation of methylene blue (10 ppm), achieving over 50% removal within 160 min and following pseudo-
~st-order kinetics. The combined effects of high crystallinity, bandgap modulation and surface reactivity underscore the potential of
“=se Zn0 nanopatticles as effective photocatalysts for advanced oxidation processes in environmental remediation.
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