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Abstract: Organic long-persistent luminescent materials, with the advantages of simple preparation, low
cost, flexibility and environmental friendliness, have been widely used in the fields of anti-counterfeiting,
information security, biological imaging, and other applications. The adjustability of long-persistent
luminescent time and color via regulation of the coordination relationship between host and guest in organic
long-persistent luminescent materials based on doping system as well as excellent long-persistent
luminescent materials synthesized at room temperature have become research hotspot of long-persistent
luminescent materials at present. In this review, the research progress in this field was firstly summarized
from the aspects of micromolecular matrix system, macromolecular matrix system and polymer matrix
system. The applications of relevant materials in information encryption and anti-counterfeiting, biological
imaging, flexible fiber film and other fields were then introduced. Finally, the shortcomings, in terms of
phosphorescence lifetime, afterglow wavelength and excitation wavelength, were discussed. Organic
long-persistent luminescent materials with better performance and broader applications are expected to be
developed by further improvement of their luminescent mechanism.
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Fig. 1 Emission mechanism of long-lived phosphorescence (a); Chemical structure of donor molecule (TMB) and acceptor
molecule (PPT) (b); Organic long-lasting emission mechanism and molecular energy levels (c); Triple-fold in exciton
emission state capture (d); Decay curve of TMB/PPT film, showing the relationship between its afterglow time and
intensity and excitation power (e); Change curves of excitation time (f), test temperature (g), and TMB molar fraction (h)™*>
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Fig. 3

Jablonski diagram of w(TMB)=1% TMB/PBPO film, where, Sy p, S p and T; p represent the ground, singlet and triplet

states of TMB, Sy, S\ and T  represent the ground, singlet and triplet states formed by the exciplex of TMB and
PBPO, Sy, Sia and Ty, represent the ground, singlet state and triplet states of PBPO, calculated from the
fluorescence and phosphorescence spectra of w(TMB)=1% TMB/PBPO films, respectively (a); UV-Vis absorption
spectrum, phosphorescence spectrum and photoluminescence spectrum (b); Emission decay curve of the thick film at
298 K (c); Different time after ambient light, 365 nm UV lamp excitation and after turning off the excitation light

source below, photo of w(TMB)=1% TMB/PBPO (d)*”!
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Fig. 4 Chemical structures of electron donor (TMB), electron acceptor (PPT) and emitter dopants(TBPe, TTPA, TBRb,
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Fig. 5 Chemical structures of electron acceptor, donor and hole trapping molecules
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Table 1 Phosphorescence lifetime and afterglow time of different systems
Fik E-2IN W6 fi/ms AMERT (] /s 22 3k
PPT TMB 2.2x10° >1800 [32]
PPT m-MTDATA >2700 [33]
PPT TBAPD — 120 [34]
PPT DDF 6.9x10? 6 [35]
MDPA DDF2o0 513.2 8 [36]
MDPA DDF4o 319.1 6 [37]
OPph; RIF (AT M mEE — AL A Y 98~980 1~9 [38]




%o T, GBI R MR R 1891 -
gk 1
F ik ik Wit A /ms AHERSE] /s 27 3k

BN 1-pa L 1.7 — [41]
F[7,8]0% Wtk K AT A 0.18~47.4 — [42]
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#m[6,7.8]K WG IR 2.81x10° — [44]
PBPO TMB — >420 [47]
o-YOH A R EEREY 2.79 — [48]
SIS PCN 268.9~834.3 6~10 [50]
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Fig. 7 Long afterglow photo of patterns printed on paper
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Fig. 8 Screen printing pattern for flexible film (a); Ultra-long organic room temperature phosphorescence photo for temperature-
sensitive anti-counterfeiting test after 365 nm optical excitation stops (b); Ultra-long organic room temperature
phosphorescence image and the duration of different wavelengths of UV radiation after the stop (c, d) (c is 254 nm or 365
nm, d is 365 nm); dynamic afterglow bars with different durations, suitable for advanced information encryption (e)%*”
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Fig. 10 Schematic diagram of electrospinning of doped crystals, images of ground crystals (i) and films (ii) under ambient
light and SEM (a); Films with good flexibility (b); Long afterglow luminescence photographs of MDPA:DDF (top)

and MDPA:TPB (bottom) doped crystal films (c)!*™
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