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ABSTRACT

Carbon quantum dots (CQDs) are zero-dimensional quasi-spherical nanoparticles
smaller than 10 nm, composed of carbon and various surface groups. These
compounds are utilized in applications such as metal ion detection,
photodegradation of pollutants, bio-imaging, and drug delivery, due to their high
solubility in water, optical stability, luminescence properties, and biocompatibility.
Due to their fluorescent characteristics, carbon quantum dots can selectively
respond to target molecules in environmental and biological samples. The
fluorescence properties and color changes of carbon quantum dots serve as a key
foundation for the performance of optical sensors in the accurate detection of metal
pollutants. This article discusses the applications of carbon quantum dots across
various fields, particularly their role as optical sensors for identifying one or more
metal pollutants, either individually or simultaneously. It also explores the use of
carbon quantum dots doped with one or more elements for detecting metal cations.
Finally, the article examines the current challenges and prospects of using carbon
quantum dots as sensors.
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Figure 1: Application areas of Carbon Quantum dots.
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Table 1: Properties (advantages and disadvantages) of doped and undoped carbon quantum dots (1, 86, 88).

CQDs (undoped) CQDs (doped)

-Simple and cost-effective synthesis
-High biocompatibility
-Good photostability
-Water dispersibility

Advantages

-Relatively low sensitivity and selectivity toward

Disadvantages certain ions

-Limited performance in simultaneous detection

-Enhanced fluorescence intensity and quantum yield
-Increased selectivity toward specific ions
-Tunable optical band gap
-Reduced detection limit (LOD)

-The doping process may require controlled conditions
-Potential reduction in biocompatibility with certain dopants
-Increased complexity of the synthesis process
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Figure 2: Preparation of CQDs from Syzygium Cumini leaves and its stabilization on PVVA/Chitosan for the detection of Fe (111) (17).

1 Limit of detection (LOD)
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Figure 3: Carbon Quantum Dots in Mercury (I1) Sensing (22-26).
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Table 2: Comparative study of doped and undoped carbon quantum dots in fluorescence detection of metal ions.
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