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Abstract: Carbon dots (CDs) have attracted considerable attention due to their unique optical properties, excellent
biocompatibility, and ease of functionalization. However, CDs are prone to aggregation-induced fluorescence quench-
ing in the solid state and exhibit poor stability under harsh conditions such as strong acids and alkalis, which greatly
limits their practical application range. The combination of CDs with a silica (Si0,) matrix to form CDs/SiO, compos-
ites not only uniformly disperses CDs in the SiO, matrix, effectively inhibits non-radiative transitions, and significantly
improves their fluorescence quantum yield as well as photothermal and chemical stability, but also induces or enhances
the room-temperature phosphorescence properties of CDs through confinement effects and interfacial interactions. In ad-
dition, the porosity and functionalizable surface of SiO, provide an ideal platform for constructing function-integrated in-
telligent composites. Given the rapid development of CDs/SiO, composites in fields such as sensing, bioimaging, opto-
electronic devices, information encryption, and catalysis, this paper systematically summarizes their preparation meth-
ods, optimization mechanisms of optical properties, and application fields, and discusses the current challenges and fu-

ture research directions, providing a theoretical basis and research ideas for subsequent studies in this field.
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Fig.2 Synthesis methods of CDs/Si0, composites. (a) In-situ growth synthesis of CND@SiO, using the Stober method™. (b)

Stepwise composite synthesis of F,NCDs@Si0; through the covalent grafting method >’
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Fig.5 Applications in optoelectronic devices and solid-state lighting. (a) The excitation and emission spectra of blue-light

CDs@Si0, and green-light CDs@Si0,, as well as the emission color coordinates of the two composites in the CIE 1931

chromaticity diagram'’. (b) The spectral comparison diagrams of Eu’*-Th** doped CDs/SiO, matrix during synthesis (P)

and after 1 year (), as well as the CIE chromaticity diagrams of A, during synthesis and after 1 year' . (¢) The sche-

matic diagram of the wavelength conversion element unit of CDs/Si0, and its CIE chromaticity diagram'®
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phosphorescence decryption processes of Si-CDs@Si0; for advanced dynamic information encryption,
tos of dynamic phosphorescence decryption of displayed programmed patterns'*

. (¢) The applications of SP@Si0,-CDs/PDMS films in information encryp-

and their applications in security protection"'”
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mation encryption and fingerprint detection applications'"’
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Catalysis and other applications. (a) The preparation schematic, TOF (turnover frequency) values, TGA (thermogravi-

metric analysis) curves, and N, adsorption-desorption isotherms of Pd/NCDs@NMS'". (b) The separation experiments of

. (¢)The
discoloration phenomenon of Car/Gel/LCDs@SiNPs/RCA film-based indicator films under exposure to acid and ammonia

amino acids, saccharides, ginsenosides and antibiotics on Sil-Gle-NCDs (silica-glucose-nonionic exchanger)'"

vapor, as well as the evaluation of shrimp freshness using the indicator films'®’. (d) The preparation process of MSM/

DCS/CDs@Si0, adhesive and its mildew resistance study'®"
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