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ABSTRACT

Our society is confronted by several global issues, especially in the economic, social, and environmental
sectors. Counterfeiting, drug misuse, and water contamination are among the top worldwide concerns
escalating at a shocking pace. In this context, this doctoral research focuses on developing and employing
advanced materials to find scientific solutions to these problems. To combat forgery, Nitrogen self-doped
luminescent carbon dots were developed by simple microwave carbonization of banana peel waste. Different
chemical treatments were adapted to modify the as-synthesized dots to enhance their attributes. As a result, all
the samples exhibited tunable deep ultraviolet and visible fluorescence. In particular, carbon dots treated by
chemical exfoliation were undetectable under daylight and 254 nm irradiation; however, they exhibited bright
blue and white hues when exposed to 365 nm and 395 nm excitations, respectively. This property was utilized
to develop security ink for multi-mode anti-counterfeiting by photo-switching that provides a high level of
affordable protection, perfect for industrial applications.

Graphene quantum dots were produced by one-pot microwave treatment of orange peel waste biomass, and
the as-synthesized dots were chemically modified to improve their performance. All the developed samples
demonstrated excellent optical attributes, especially tunable fluorescence, high quantum yield, long
fluorescence lifetime, and high photostability, suitable for fluorescence sensing applications. The
nanostructures were applied to quantify atropine, a drug of abuse, and their analytical performances were
investigated and validated in biological fluids and pharmaceuticals. It was observed that hydrothermal-treated
graphene quantum dots exhibited remarkable sensing characteristics, including high sensitivity, selectivity,
and ultra-low detection limit for quantifying the analyte, displaying their high potential for applications in
forensics, toxicology, and drug quality control.

Onion-like carbon nanostructures were synthesized by simple flame pyrolysis of paraffin oil. The as-
synthesized nanostructures were further refashioned by different chemical treatments to improve their
features. As a result, each sample demonstrated superior chemical and textural properties, such as oxygen-rich
surface, high specific surface area, and plenty of mesopores, ideal for adsorption of small organic molecules.
The adsorptive behavior of the nanostructures was evaluated by studying their adsorption pattern and kinetics
for the removal of the textile dye contaminant methylene blue from wastewater. It was observed that the
onion-like carbon nanostructures treated by acidic oxidation displayed remarkable adsorption efficiency of
1397.35 mg/g, whereas those treated by chemical exfoliation exhibited rapid adsorption kinetics, completely
removing the dye pollutant within 10 minutes. This study implies that these nanostructures could be utilized to
remove methylene blue rapidly and effectively from industrial wastewater.

Keywords: carbon dots, graphene quantum dots, onion-like carbon, anti-counterfeiting, fluorescence
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