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Abstract

Fluorescent materials are widely utilized in various fields such as biomedicine, environmental
monitoring, information display, sensors, and optoelectronic devices. With the continuous advancement of
materials science and optical technology, the design, synthesis, and application research of fluorescent
materials are constantly deepening. This progress brings forth more possibilities and opportunities for
scientific research and technological innovation in related fields. Organic small molecule fluorescent
materials and carbon dots have emerged as the most rapidly developing and highly focused category of
fluorescent materials due to their wide range of raw materials, strong design flexibility, controllable
functional group properties, and outstanding optical properties.

Phenothiazine (PTZ) is an aromatic heterocyclic compound containing both nitrogen and sulfur
elements. It consists of two benzene rings folding along the S-N axis to form a unique non-planar
"butterfly™ structure, which gives PTZ its distinctive chemical and optical properties. While PTZ has been
widely used in the synthesis of organic small molecule optical materials, there have been no reports on its
study in carbon dots. The preparation of PTZ-based fluorescent materials is known to be complex,
requiring intricate structural design, harsh reaction conditions, and the use of large amounts of toxic
solvents. These challenges have limited its further application. Addressing these issues, this article utilizes
a one-step solvent thermal method based on the special structure and chemical reaction characteristics of
PTZ to regulate the electron delocalization effects and stacking modes of PTZ molecules by adjusting
solvent content. This approach allows for the preparation of stable radical-induced solid luminescent
materials based on PTZ and red/near-infrared carbon dots. Ultimately, this method achieves applications in
anti-counterfeiting encryption, inflammation treatment, and food preservation. The specific contents are as
follows:

(1) Using PTZ as a raw material and based on the low melting point and water insolubility
characteristics of PTZ, a one-step hydrothermal method is employed to prepare fluorescent luminescent
materials (PTZ-S) induced with stable radicals. During the solid-melt-liquid-cooling-solid transformation
of PTZ crystals, the electron delocalization effects between molecules are increased, generating a large
number of stable radicals and inducing changes in their optical and chemical properties. Compared to PTZ,
PTZ-S exhibits a shift in fluorescence emission peak from 453 nm to 493 nm, an increase in fluorescence

lifetime from 3.19 ns to 10.13 ns, and an absolute quantum yield increase from 1.13% to 12%. Based on the



stable radical-induced luminescent properties of PTZ-S in air, it is applied in information anti-
counterfeiting and encryption on paper.

(2) Continuing from the preparation method in the previous section, using PTZ as a precursor, a one-
step solvent thermal method is used to regulate the mixture ratio of water and acetic acid, changing the
stacking mode of PTZ-based molecules to obtain a new type of carbon dots emitting red fluorescence
(PTZ-R). PTZ-R has an average particle size of 2.05 nm, with a typical graphite-like carbon core structure
and rich functional groups such as hydroxyl and amino groups. Its fluorescence emission peak is at 612 nm,
exhibiting stable optical properties, excellent biocompatibility, and low toxicity. By exploring the
functional group characteristics of PTZ-R, its application in anti-inflammatory effects in vitro is
investigated. Results show that PTZ-R promotes the proliferation of RAW 264.7 murine macrophage cells
in the cytoplasm and effectively inhibits the levels of IL-6 and TNF-a induced by LPS in RAW 264.7
inflammation cells at a concentration of 0.2 mg/mL, achieving anti-inflammatory purposes.

(3) Building upon the design of PTZ carbon dots in the previous section, further adjusting the mixture
ratio of water and acetic acid to further regulate the stacking mode of PTZ, a new type of carbon dots
emitting near-infrared fluorescence (PTZ-N) is prepared. PTZ-N exhibits an extremely small particle size
(0.5 nm), with lattice spacing of only 0.14 nm, containing abundant hydroxyl, carboxyl, sulfone, and other
functional groups, and its fluorescence emission peak is at 660 nm. PTZ-N has good water solubility,
excellent biocompatibility, low toxicity, and anti-interference capabilities. Leveraging its functional group
characteristics and near-infrared fluorescence emission, PTZ-N is used to enter staphylococcus aureus and
Candida albicans by disrupting the cell membrane structure, inhibiting their growth, and achieving nearly
100% antibacterial effects at concentrations as low as 1 pg/mL and 2 pug/mL, respectively. PTZ-N shows
excellent antibacterial performance, leading to its application in strawberry preservation, extending the
shelf life of strawberries.

Key words: Phenothiazine; Free radical-induced; Carbon dots; Red fluorescence; Near-infrared

fluorescence
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Figure 1-1 Jablonski energy level diagram of molecular absorption and emission processes
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Figure 1-2 Synthesis of classical Rhodamine and synthesis strategy of regionally selective Rhodamine dyes
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