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Iron oxide nanoparticles (Fe:Os NPs) have attracted considerable attention due to their superparamagnetic
properties, biocompatibility, low toxicity, and cost-effective production, enabling their application in a wide range
of fields including biomedicine, catalysis, magnetic storage, and biosensing®. In particular, their use in drug
delivery systems is of significant interest owing to their ability to enhance the stability of therapeutic agents, enable
controlled drug release, and facilitate targeted delivery to diseased tissues?.

In this study, Fe.Os nanoparticles were synthesized via an environmentally friendly green approach using
mandarin, orange, lemon, and grapefruit peels as natural reducing and stabilizing agents. The synthesis process
was systematically optimized by varying iron precursors, reactant concentrations, reaction times, and addition
sequences. In addition, the synthesized Fe.Os nanoparticles were comparatively evaluated against a commercial
Fe20s standard.

The structural and morphological properties of the synthesized nanoparticles were characterized using Fourier
Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), Thermogravimetric Analysis
(TGA), and Atomic Force Microscopy (AFM). FTIR analysis confirmed the formation of Fe—O bonds through
characteristic absorption bands observed below 700 cm™. SEM images revealed predominantly spherical
nanoparticles with average particle sizes below 50 nm. TGA results demonstrated that the synthesized Fe:Os
nanoparticles exhibited enhanced thermal stability compared to both the precursor materials and the commercial
Fe:0s standard. Furthermore, AFM analysis indicated a homogeneous and stable three-dimensional surface
topography of the nanoparticles.

Overall, the results demonstrate that citrus peel wastes can be effectively utilized as bioreducing and stabilizing
agents, and that the proposed green synthesis approach offers significant advantages in terms of environmental
sustainability and the production of functional nanomaterials.
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