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Figure 1 Classification and synthesis of carbon dots (CDs): carbon quantum dots (CQDs), carbon nanodots (CNDs), graphene quantum dots
(GQDs), polymer dots (PDs), and carbonized polymer dots (CPDs); the synthesis of CDs includes “top-down” methods and “bottom—up” methods

(color online).
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Figure 2 Strategies for enhancing the detection sensitivity of carbon dots (CDs). (a) Element doping introduces new surface states on CDs; (b)
surface modification improves the binding force of CDs with target pollutants; (c) surface engineering increases the fluorescence quantum yield
(FLQY) of CDs; (d) long-wavelength emission CDs effectively reduces the interference of background fluorescence; (e) construction of CD-based
ratio fluorescence sensors alleviates systematic interferences (color online).
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Figure 3 Strategies for enhancing the selectivity of CDs. (a) Specific ligands can be retained on the CD surface by one-step synthesis or two-step
surface modification synthesis; (b) fluorescence enhancement or quenching can be realized via the fluorescence resonance energy transfer (FRET); (c)
CDs with enzymatic properties can catalyze or inhibit the electron transfer of enzymatic catalysis; (d) ionic- or molecular-imprinted polymers
synthesized with CDs as the signal units can selectively couple with template substances (color online).
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Figure 4 Strategies for achieving multi-detection by CDs. (a) Different analytes cause opposite changes of fluorescence signals; (b) “on-off-on”
mode successively achieves the quantitative analysis of two types of pollutants; (¢) coupling carbon dots with different types of nanomaterials can take
advantage of the diverse functions of each response unit; (d) fluorescent sensor arrays developed with the “chemical nose/tongue” strategy can

simultaneously realize the multi-detection (color online).
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Figure S Design of CD-based portable fluorescent sensors, including paper chips for naked eyes, smartphone-assisted sensors and integrated devices

(color online).
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Construction of carbon-dot-based fluorescent sensors and their
applications in environmental pollution analysis
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Abstract: Environmental pollution severely harms the ecological and human health. Sensitive, rapid, efficient, and
accurate analytical methods are urgently needed for environmental detection, which is the key step of pollution control.
Carbon dots (CDs), as a new type of carbon-based nanomaterials, have shown great potential in environmental
detection, owing to their ideal biocompatibility, stable optical properties, and low cost. In this review, the classification,
synthesis, characterization, and structural properties of CDs are summarized, and the strategies for improving sensitivity,
selectivity, and detection efficiency of CDs are discussed in order to enable the analysis of co-existing pollutants with
low concentrations in complex environmental matrices. Finally, the current limitations in the mechanism understanding
of the structure-property relationship and dynamic luminescence and sensing processes of CDs, together with
corresponding future research needs, are presented.
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