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Aggregation Regulation-assisted Multicolor Carbon
Nanodots Fluorescent Phosphor

LAI Xiaonan, SHEN Chenglong", SHAN Chongxin
(School of Physics and Laboratory of Zhongyuan Light , Zhengzhou University , Zhengzhou 450001, China)

Abstract  Carbon nanodots (CDs) with concentration-dependent fluorescence were synthesized with citric acid and
urea as precursors in N, N-dimethylformamide through solvothermal strategy. The CDs solution was diluted with
deionized water at various ratios. The energy transfer between the CDs particles gradually weakened when the dilution
ratio increased, leading to a shift in fluorescence color from red to blue and an enhancement in emission intensity. A
systematic investigation on the concentration effects on the fluorescence emission properties of CDs were conducted
with a chromatography separation techniques, revealing that the as-prepared CDs solution contained the multicolor
components and the fluorescence variations in CDs solutions were attributed to Forster resonance energy transfer and
reabsorption energy transfer. Thus, the precise regulation of multicolor CDs phosphors was further achieved with the
starch as confined matrix to regulate the energy transfer between CDs. These findings present a new strategy to
regulate the optical properties of CDs and pave a new insight the applications of fluorescence labeling and display
technology.
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Fig.1 Synthesis and characterization of the CDs
(A) Systhesis route of CDs; (B) photos of the CDs solution under sunlight and 365 nm UV lamp; TEM image (C), XRD pattern
(D) and Raman spectrum (E) of CDs; (F) full XPS survey; high-resolution XPS spectra of C, (G), N, (H), and O, (I) of CDs,

respectively. Inset of (C): size distribution of CDs.
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Fig.2 Concentration-dependent fluorescent CDs solution
(A) Schematic illustration of the dilution for the CDs solution; (B) the fluorescence emission of the CDs solution under different
excitation wavelength; (C) the fluorescence emission of the CDs solution after different dilution under 365 nm excitation;

(D—1) the fluorescence emission of the CDs solution after different dilution under different excitation wavelength.
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Fig.3 Separation and characterization of the different CDs

(A) Separation of b-CDs, g-CDs and r-CDs with column chromatography; (B) fluorescence emission spectra of r-CDs, g-CDs
and b-CDs under 365 nm excitation; (C) UV-Vis absorption spectra of r-CDs, g-CDs and b-CDs, (D—F) TEM images and

the corresponding particle size distribution of r-CDs, g-CDs and b-CDs, respectively; (G—1I) fluorescence emission spectra of

r-CDs, g-CDs and b-CDs, respectively.
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Fig. 4 Characterization and mechanism of the fluorescent CDs
(A) TEM image of the concentrated CDs solution; (B) fluorescence emission spectra of the X10 and x10000 diluted CDs
solution under 365 nm excitation; (C) fluorescence decay of the x10 and x10000 diluted CDs solution under 365 nm excitation
(D—F) schematic illustration of the aggregated CDs under different dilution and the energy transfer mechanism between

different CDs under different dilution.
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Fig. 5 Synthesis and characterization of the CDs phosphors
(A—F) The pictures of CDs phosphors under 365 nm UV light and fluorescence emission spectra of different CDs phosphors
under different excitation; (G) schematic illustration of the structure of CDs-based LED; (H) the picture and normalized
fluorescence emission spectra of CDs-based LED; (1) Commission Internationale de L’ Eclairage (CIE) coordinate of the

CDs-based LED.
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