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Preface 

Carbon nanomaterials have gradually attracted the attention of the scientific community and 

emerged as new valuable materials. Carbon, one of the most abundant substances on Earth, and 

its allotropes such as fullerenes, carbon nanotubes, graphene and carbon quantum dots have 

been proposed for energy generation, sensing, bio-imaging and drug delivery in the past two 

decades due to their extraordinary properties and ease of fabrication. Carbon quantum dots 

(CQDs) are considered zero-dimensional materials (with a diameter as small as 10 nm) with 

enhanced optical and electronic properties such as intense fluorescence, high electron mobility, 

biocompatibility and high stability. Since their accidental discovery in 2004 during the 

purification of single-walled nanotubes, CQDs have been intensively researched over the last 

two decades and used in numerous fields. Compared to semiconductor quantum dots, CQDs 

consist mainly of a carbonaceous core, which makes them biocompatible and non-toxic. They 

can be used as biomarkers, metal sensors, optical sensors, light-harvesting material, fluorescent 

ink, anti-cancer agents and, due to the low-cost precursor material, also as potential drug 

carriers. Several studies have shown that CQDs can be produced at high temperature and high 

pressure from different precursor materials while maintaining similar photophysical properties. 

It would be beneficial to further investigate the optical and electronic properties of CQDs. The 

morphology of CQDs has been well studied in terms of their size and shape. Although the study 

of nanostructured carbon materials has experienced rapid development and remains an active 

research topic, there is still a lack of fundamental understanding of the growth mechanisms and 

the essential elements responsible for the synthesis of CQDs. Carbon-based nanomaterials are 

currently considered a milestone in nanotechnology as they drive scientific progress and have 

numerous industrial applications. In this work, different strategies for the synthesis and use of 

carbon nanomaterials in sensing, bio-imaging and optoelectronic systems are discussed. The 

synthesis methods for carbon quantum dots have been studied in detail using various 
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spectroscopic and microscopic techniques. For the synthesis of CQDs, different plant leaves 

were used as starting materials and water and ethanol as solvents at different temperatures 

depending on the application. 

This thesis also investigates the applications of CQDs in sensing and bio-imaging. We 

demonstrate that the optical and morphological properties of CQDs can be tuned by varying 

the hydrothermal synthesis temperature from 120°C to 220°C. We have functionalized CQDs 

with chlorophyll utilizing chlorophyll-rich Plumeria leaves in ethanol as a carbon source 

because chlorophyll dissolves easily in ethanol which is less hazardous than other organic 

solvents. CQDs synthesized at 160°C can be used as a dual probe sensor for the selective 

detection of Hg+ ions and As3+ ions with lower detection limits. In another study, gold 

nanoparticles (GNP) were synthesized with Tulsi and Vinca extracts exhibiting different shapes 

and sizes with enhanced crystallinity. The T+V gold nanoformulation exhibited superior 

cytotoxicity against breast cancer cells (4T1) in vitro and showed remarkable tumor regression 

in a mouse model. The anti-cancer potential was attributed to the release of anti-cancer 

metabolites and alterations in antioxidant metabolic pathways, as evidenced by the modulation 

of glutathione family enzymes and oxidative stress markers. The T+V gold nanoformulation 

exhibited negligible toxicity in normal cells and\ organs, highlighting its potential as an 

effective and safe therapeutic agent. In a separate study, fluorescent functionalized carbon 

quantum dots (CQDs) were synthesized by a hydrothermal method using Plumeria plant leaves 

and Tb 3+ ions as a surface passivator. The doped CQDs exhibited excitation-dependent 

photoluminescence with strong peaks attributed to Tb3+ doping. In combination with a UV 

chip, the CQDs exhibited efficient white light emission, making them promising candidates for 

white light emitting diodes (WLEDs). The resulting WLEDs had the desired color coordinates, 

color temperatures and a high color rendering index (CRI).  Finally, boron nitride quantum dots 

(BNQDs) were synthesized from boron nitrate 
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nano powder through a hydrothermal process. The BNQDs exhibited excellent sensing 

behavior towards p-nitrophenol (PNP) with a low detection limit of about 7.91 pM. Time- 

resolved photoluminescence studies confirmed the high selectivity and sensitivity of the 

BNQDs for PNP sensing. The cost-effective and environmentally friendly synthesis approach 

presented in this study contributes to the development of nanomaterial-based sensing 

technologies with potential applications in environmental monitoring. Overall, our versatile 

approach in the synthesis and characterization of nanomaterials demonstrates their versatility 

for sensing and therapeutic applications and highlights their potential impact on various 

scientific and technological fields. 


