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Abstract: In recent years, carbon nanodot (CDs) have been widely researched due to their unique lumines-

cent properties, good biocompatibility, low toxicity and high photostability. These characteristics invite po-
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tential applications in optoelectronic devices, visible light communication, tumor therapy, biological imaging
and other fields. There are a variety of CDs according to the different starting materials and synthesis routes.
In this paper, we will systematically review nitrogen-doped CDs synthesized from citric acid and urea as the

main precursor materials in our group in recent years, discuss their physicochemical properties, explore the

methods and principles of CDs energy band regulation, and introduce the application progress of CDs.
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Fig. 1 (a) A possible growth mechanism of the CDs; excitation-emission matrices for (b) CDs, (¢) CDs-L and (d) CDs-S?*
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Fig.2 (a) TEM image of synthesized g-CDs; (b) Fourier transform infrared (FTIR) spectrum of g-CDs; (c¢) UV/Vis absorp-

tion and PL spectra of a dilute aqueous solution of g-CDs at various excitation wavelengths; (d) PL spectra of g-CDs-

coated commercially available lens paper at various excitation wavelengths
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Fig. 3 (a) A possible growth mechanism for CD1 and CD2; (b) PL spectra of CD1 at various excitation wavelengths; (c) UV-

Vis absorption spectra and PL spectra (540 nm excitation) of CD1 and CD2 dilute ethanol solution®®
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Fig. 4 (a) Schematic representations of the structure, energy alignment, absorption principle and photothermal effect in sur-

pra-CDs; (b) absorption spectra of CDs and supra-CDs; (c) photothermal profile of supra-CDs aqueous dispersions

(0.1 mg/mL) irradiated by 732 nm laser with different power densities™!
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Fig. 5 (a) Absorption spectra of CDs in H,O and DMSO; fluorescent spectra of CDs in H,O and DMSO under excitation of a
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Fig. 6 (a) Schematic diagram of the formation process of NIR-CDs through the microwave-assisted exfoliation of R-CDs;
(b) absorption spectra (solid lines) of R-CDs and NIR-CDs, and PL spectra of NIR-CDs (dashed line) in DMF;
(c) UCPL spectrum of NIR-CDs in DMF under 808 nm laser excitation; (d) typical temperature dependent emission
spectra of NIR-CDs in DMF during the heating and cooling processes; (e) temperature dependence of the integrated
emission intensity ratio of UCPL and SPL bands"”
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of CDs synthesized by vaccum heating method™”!
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Fig. 8 (a) WLED of CDs phosphor fabricated by citric acid and b-PEI*”; (b)WLED based on g-CDs@starch and r-CDs@PVP

phosphor'*!
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Fig. 9 (a) White light spectrum generated by blue laser diode and ox-CDs phosphor; (b) schematic diagram of small-signal

frequency response and data transmission measurements; (c) frequency responses of the ox-CDs (black line) and white-
light (red line) source combining the blue laser and 0x-CDs; (d) BER of OOK of 0x-CDs (black line) and white-light

(red line) at different data rates %
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Fig. 10 (a) Data encryption photograph obtained by supra-CDs water-jet printing™; (b) schematic diagram of luminescence

mechanism of CD@PVA composites with annealing temperature of 60 “C and 200 °C, and after water spraying, and

corresponding multiple data encryption graph®™”
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Fig. 11 (a) Schematic of structure and energy level alignments of nontreated CDs and CDs modified with C=O-rich mo-

Pre 1h 2h
(c)

lecules; (b) in Vivo NIR fluorescent images of a mouse before and after gavage injection of CDs in PVP aqueous

solution®”; (c) passive targeting of CDs in vivo: NIR fluorescence images of mouse bodies after intravenous injection

of CDs at various time points®
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Fig. 12 Representation of the conventional thermal therapy and photothermal therapy based on nanoparticals™!
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Fig. 13 (a) IR thermal images of mice with intravenous CDs injected at different times under irradiation at the tumor region

by 655 nm laser at 1 W/cm?; (b) temperature at mouse tumor sites as a function of the irradiation duration; (c) photo-

graphs that document H22 tumor development on several days in live mice under various treatment conditions; (d) tu-

mor growth curves of H22 tumors in mice and survival rates of the groups after therapy
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Fig. 14 Schematic diagram of growth mechanism for the CDs and subsequently synthesized N-PCFs™
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