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Supplementary Figure S1. Physicochemical characterization of CuNPs. (A)TEM image showing predominantly spherical CuNPs with variable size distribution. (B) DLS profile indicating an average particle size of ~40 nm, with a distribution range of 20–50 nm. (C) UV–VIS absorption spectrum exhibiting a strong SPR band at ~600 nm, confirming the formation of metallic CuNPs. (D) XRD pattern demonstrating crystalline structure and high phase purity of CuNPs. CuNPs, copper nanoparticles; TEM, transmission electron microscopy; DLS, dynamic light scattering; UV–VIS, ultraviolet–visible spectroscopy; SPR, surface plasmon resonance; XRD, X-ray diffraction.
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