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One-step Synthesis of Solid-state Fluorescent Nitrogen-doped
Carbonized Polymer Dots and Construction of Multicolor LEDs
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Abstract  Nitrogen-doped carbonized polymer dots (NCPDs) were prepared by one-step solvothermal method using
citric acid, urea and acrylonitrile as raw materials, and ethanol as solvent. The particle size of NCPDs is about
12—22 nm. NCPDs powder not only can emit yellow fluorescence (A =570 nm) , but also has excellent concentra-
tion- dependent fluorescence. Therefore, the NCPDs/silica sol composite films with different NCPDs mass fraction
from 0.15% to 45% were prepared by dispersing NCPDs in silica sol, and the solid-state fluorescence emission
wavelengths of these composites gradually shift from blue to red region (453—638 nm) with the increase of NCPDs
concentration. Forthermore, those NCPDs composites have good fluorescence stability. The NCPDs composites were
further applied to construct light emitting diodes (LEDs) , and multicolor LEDs from blue light to red light can be
obtained. In addition, the excellent solid-state fluorescence properties of NCPDs make them show potential
application prospects in the field of fingerprint recognition, so their applicability in fingerprint recognition was also
evaluated.
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Fig.1 HRTEM image(A), particle size distribution(B) and XRD pattern(C) of NCPDs
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Fig.3 XPS full spectrum(A) and XPS high-resolution C,(B), N, (C) and O, (D) XPS spectra of NCPDs
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Fig.4 UV absorption spectra of 0. 1 mg/mL NCPDs in ethyl alcohol(A), excitation and emission spectra of
0. 5 mg/mL NCPDs in ethyl alcohol(B), excitation dependence of emission peak of 0. 5 mg/mL NCPDs
in ethyl alcohol(C) and emission spectra of NCPDs in ethyl alcohol with different concentrations(D)

Inset of (D) : the normalized emission spectra of NCPDs in different concentrations of ethanol.
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Fig. 5 Absorption and emission spectra(A) and fluorescence lifetime profiles(B) of solid NCPDs and

different concentrations of NCPDs solution
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Fig. 6 Photographs of NCPDs composite films in daylight(top) and under UV lamp(bottom)(A), storage
stability(B), UV-light stability(C) and high temperature stability(D) of NCPDs composite films
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Fig. 7 Fluorescence spectra of blue(A), green(B), yellow-green(C), yellow(D) and red(E) LEDs and
CIE coordinates of multicolor LEDs prepared by NCPDs(F)
Mass fraction of NCPPs in silica sol(%): (A) 0. 15; (B) 1; (C) 2; (D) 5; (E) 45. Insets of (A—E): working image.

Chem. J. Chinese Universities, 2024, 45(8), 20240194 20240194(6/8)



d HEF FH s R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

365 nm MR AN R b, DL TR B0N 2%, 5% F145% () NCPDs/Tik V5 5 52 -6 Vi WO I 72 IR e I
395 nm [ LED S b, RIS TE 60 CT E R 4k 3 h iSRRI iR LEDs. [ 7(F)78H) 1 iX 4 LEDs #)
CIE ( [ P BB BH 22 51 25 ) Ak ki, A (0. 173, 0.194), B(0.313, 0.554), C(0.401, 0.561), D(0.492,
0.502) FE(0. 653, 0.324) 73 I FHE €, SR €0, wiakfa s ML EoOs, I B Rk s ili 1
453, 527, 550, 574 1638 nm, JLFHE 5% TR G . Hrhwigha | B fL @5t LEDs R
A E RIS . AU, 8 5 A B R NCPDs ZERETA B A A B DL KR B & 1 BV Ay 52
PR A5, LEDs [ % .

24 EFNCPDsHIE50R 5]

CPDs ¥ W AT AR 48 80 5% 7300 LEP, (B#ES 4% . HHREBAR B AE ARSI & 5 oK iy 1k
RZ Ty RAEYH, XK HBR S T CPDs 55 SGR B 7 22 NCPDs By K TE 365 nm 5E 5L
KR RSB E @ OE, DOEIK A 570 nm, ERAR/N . 0EbE RIT, fefgty o)l B ErE L |,
(R I NCPDs ¥ AR 2 — 2 T 80R 5 . B 8 (A)FI(B) 43514 H 6T LA 365 nm 58 /M G RS T w9t
NCPDs By RARICHIFESIE A, AT L, 78 H G TG EE I8 Se S0k, e 284G AT LLULER 21375 B
H e i a0 . R 8(C) (D) AT WL, 7R A% T 2RA5 10 LIPs SR B B 52 | 20 HER A hy
PIELRANTY , RETH I ISR B AL . 40 SORIR I S HR S0 —JURFMIE . 2508381, NCPDs i R ARE Ik T
CPDs IR AEFE BRI P E R 2% . 9 BRAE M, HLHA /NI AR FE A5 ) T T 58 SR 0 6 1 B
B BT IR 500t m T8, e aai B HA R pr s

(B)

Crossover

Termination

Bifurcation

Fig. 8 Photos of NCPDs powder coated fingerprint under daylight(A) and UV light(B) and two-level
detail feature(C) and three-level detail feature(D) of fingerprint
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