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Regulating Trap Density and Energy Levels Through Boron
Doping to Achieve Duration-tunable Afterglow from
Carbon Dots for Dynamic Information Encryption
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(International Joint Research Center for Photo-responsive Molecules and Materials ,

School of Chemical and Material Engineering , Jiangnan University , Wuxi 214122, China)

Abstract A method for regulating the trap levels of matrix-free carbon dots (CDs) through boron (B) doping is
demonstrated, significantly prolonging their afterglow duration. Further studies reveal that B is incorporated into the
CDs in the forms of B—N and B—C bonds when the CDs are synthesized from 1,4-phenylenediboronic acid, sodium
hydroxide, and melamine. The B content increases with the proportion of the B source (i.e., 1,4-phenylenediboronic
acid). This process not only enhances the trap density in the CDs but also increases the energy level difference
between the trap energy level and the excited triplet state. Moreover, the elevated levels of C=0 and C=N bonds
facilitate the generation of triplet excitons and intersystem crossing. As traps capture and store triplet excitons for
gradual release, the afterglow lifetime of CDs is extended from 0.764 s to 1.224 s, effectively quadrupling the
afterglow duration. Finally, based on variations in their afterglow durations, potential applications for information
storage and encryption using these CDs are demonstrated.
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Fig.1 Schematic illustration of the synthesis process for CDs-1, CDs-2 and CDs-3(A), photographs of
the CDs-1, CDs-2 and CDs-3 powders under daylight, and images of these samples when excited
by a 320 nm UV lamp and after the UV lamp was turned off(B)
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Fig.2 TEM images of CDs-1(A), CDs-2(B) and CDs-3(C), and the related high-resolution TEM images and
size distributions(insert), XRD patterns(D), FTIR spectra(E), and XPS spectra(F) of CDs-1, CDs-2,
and CDs-3(D—F), high-resolution XPS spectra and the corresponding fitting curves of C,(G), O, (H),
N, (), and B, (J) spectra of CDs-1, CDs-2 and CDs-3
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Fig.3 Afterglow emission spectra at different excitation wavelengths and excitation spectra at 430 nm
of CDs-1(A), CDs-2(B), and CDs-3(C), afterglow spectra of CDs-1(D), CDs-2(E) and CDs-3(F)
obtained with varying temperatures(298. 15—423. 15 K) (A,=320 nm), low - temperature(77 K)
photoluminescence(PL) (black line) and phosphorescence(Phos) (red line) emission spectra of

CDs-1(G), CDs-2(H) and CDs-3(I)(A =320 nm)
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Fig. 4 ESR spectra of CDs-1, CDs-2 and CDs-3(A), thermoluminescence(TL) spectra of CDs-1, CDs-2
and CDs-3(B), the(ahv)* versus hv curves of CDs-1, CDs-2 and CDs-3(C), the valence band XPS
spectra of CDs-1, CDs-2 and CDs-3(D), the proposed afterglow emission processes of CDs-1, CDs-2
and CDs-3 have progressively extended durations(E)
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Fig.5 A demonstration of a dynamic information storage or encryption method based on the duration

tunable afterglow properties from CDs-1 to CDs-2 and CDs-3
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