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Abstract

The construction of multi-decay pathways of smart organic light-emitting
materials has drawn intensive research enthusiasm owing to their substan-
tial promise in diverse optoelectronic applications. Nowadays, numerous
chemical substances have been refined to extend and enhance their intriguing
luminescent properties. Nowadays, plenty of chemicals have been adapted to
amplify more interesting luminescent properties. How to utilize an easy way to
tune multi-decay pathways resulting in various emissions is still challenging.
Here, we present a triphenylamine derivative, TPA3BP, which exhibits a va-
riety of multi-decay pathways in different states and can exhibit thermally
activated delayed fluorescence in both the polydimethylsiloxane and crystal-
line state, but also achieve room temperature phosphorescence by embedding
it into the poly (methyl methacrylate) (PMMA) and polyvinyl pyrrolidone
matrix. The multi-decay luminescence can be attributed to the dual effect
arising from the n-m* transition of TPA3BP and the regulation of molecular
transition pathways within the matrix environment. This intriguing phe-
nomenon highlights the combined influence of TPA3BP's electronic transi-
tions and the influence of the polarity and rigidity of the surrounding matrix
on the observed characteristics. This advancement has widened the structural
possibilities for multi-decay luminescent materials, enabling their targeted
synthesis for future applications, such as information encryption and smart
anti-counterfeiting.
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1 | INTRODUCTION

Smart organic luminescent materials with the ability to
efficiently respond to external stimuli (temperature, hu-
midity, stress, pH, electric or magnetic field, light or
chemical substances, etc.) have attracted immense interest
owing to their substantial promise in diverse optoelec-
tronic applications, including optical data recording,
storage, and anti-counterfeiting as well as flexible
electronic.'™? In particular, great progress has been made
in the construction of multi-decay pathways to realize
smart luminescence. For instance, visible-near infrared
dual emission materials that could be tuned under
different excitations have been developed recently,
showing an important advance in the field of organic
intelligent luminescent materials to enhance the security
of encrypted information and anti-counterfeiting.'' More-
over, Chen et al. propose to engineer the resonance linkage
between flexible chain and phosphor units to regulate the
activation energy of resonance variation, which could
further realize on-demand controllable organic ultralong
room temperature phosphorescence (RTP).'* These ap-
proaches have been noted for their diverse luminescent
responses to various stimuli, yet their practical application
is hindered by complex preparation processes, high costs,
and systematic material design challenges.

Host/guest doping systems provide a robust supra-
molecular approach to facilitate the creation of multi-
decay pathways.'>™*® This is achieved by leveraging the
rigid environment and precise energy levels offered by
the host materials, leading to the efficient generation and
stabilization of long-lived triplet excitons. The controlled
manipulation of photophysical properties within the
host/guest system holds significant promise for a wide
range of applications, capitalizing on its versatility and
tunability.'®® In the previous work of our team, a series
of multi-host/guest materials with various microenvi-
ronments and tunable energy level platforms were
developed to achieve lifetime-encoding ultralong organic
phosphorescence.’®?° Recently, researchers have also
paid more attention to manipulating radiative decay
channels by doping guests into polymers. Typically,
polymers demonstrate outstanding mechanical strength,
favorable  toughness, high processability, cost-
effectiveness, and an array of other advantageous prop-
erties.”'** Regulating the mutual competition of multiple
transition channels is an effective way to efficiently
construct multi-decay emissions. Introducing elements
containing lone pair electrons, such as N, O, F, etc., can
effectively enhance the spin-orbit coupling (SOC) be-
tween the singlet and triplet states, thereby promoting
intersystem crossing (ISC) processes. Besides, stabilizing

the lowest excited triplet state (T,) and reducing the
nonradiative decay and quenching processes by doping
into various matrices or introducing polymer chains.
However, most studies focused on the tuning strategy of
RTP materials. Integrating multi-decay luminescence
mechanisms into a system is a complex and challenging
task. When considering only two excited states, T, and S,
it becomes evident that simultaneously satisfying the
intrinsic distribution of energy levels is difficult. More-
over, in a complex solid-state environment, the uncon-
trolled competition between ISC and reverse ISC
processes further complicates the situation. Based on this,
the construction of rational multi-decay channels by
developing abundant polymeric environments is
extraordinarily important but seldom reported.
Donor-acceptor (D-A) type organic luminescent ma-
terials, which may typically have intramolecular charge
transfer (ICT) and intermolecular charge transfer mech-
anisms, are an important class of organic smart lumi-
nescent materials with tunable multi-decay channels,** **
such as RTP and thermally activated delayed fluores-
cence (TADF), that can fully utilize triplet state energy.
In particular, nitrilotris(benzene-4,1-diyl)tris(phenyl-
methanone) (TPA3BP) composed of triphenylamine
(TPA) (D) and benzophenone (A) was designed and
prepared. Previous studies have identified an equilibrium
between intramolecular and intermolecular charge
transfer caused by the formation of intermolecular C-
H---O hydrogen bonds that lead to dual emission. More-
over, it has been reported that the synergistic effect be-
tween carbonyl groups and heteroatoms promotes the
hybrid n-n* and m—m* transition to promote the SOC
effect, thus further promoting the ISC process to populate
triplet states.”> TPA3BP not only shows TADF features in
the crystalline and low-polarity polydimethylsiloxane
(PDMS) matrix but also achieves RTP by embedding it

into the high polarity poly(methyl methacrylate)
(PMMA) and polyvinyl pyrrolidone (PVP) matrix
(Figure 1). Surprisingly, TPA3BP@PDMS exhibits

remarkable thermal-sensitive fluorescence characteristics
with temperature variations of 20~40°C, rendering it
highly suitable for body temperature sensing applica-
tions. Cyan afterglow at room temperature could be
observed upon TPA3BP doping into PMMA and PVP
with higher rigidity due to the suppressed non-radiation
transition progresses. Among them, TPA3BP@PMMA
exhibited photo-induced RTP, while TPA3BP@PVP
showed direct RTP. This study presents a compelling case
demonstrating the manipulation of the radiative decay
channel through fine-tuning the guests’ microenviron-
ments, effectively restricting their vibration and rotation
to realize multi-channel luminescence.
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FIGURE 1 Construction of Multi-decay Pathways like RTP and TADF by realizing polymer regulated smart organic light-emitting

materials. RTP, room-temperature phosphorescence.

2 | RESULTS AND DISCUSSIONS

The organic smart luminescent molecule TPA3BP was
designed by constructing three benzophenone (BP)
groups from TPA groups and synthesized by a one-step
Friedel-Crafts acylation reaction. The specific synthetic
process is described in detail in the experimental section
of Scheme S1. Chemical structure and purity were further
confirmed by nuclear magnetic resonance, high-
resolution mass spectrometry (Figures S1-S3, Support-
ing Information), and X-ray crystallographic analysis
(Tables S5-S7, Figure S17).

To investigate the photophysical properties of
TPA3BP at the molecular level, we initially recorded its
UV-vis absorption and fluorescence spectra in a dilute
methyltetrahydrofuran (2Me-THF, 1 x 10~> M) solution
at room temperature. The absorption spectrum shows
characteristic m-n* and n-m* transitions with the main
band at 372 nm. The solvent effect is a prominent feature
of ICT materials, which can be confirmed by absorption
and emission spectra (Figures S4 and S5). The emission
line shape of TPA3BP is structureless at room tempera-
ture, with a peak located at 439 nm, giving rise to an
intense blue emission. Notably, due to its ICT nature, its
emission band is actually susceptible to environmental

polarity. As shown in Figure S5, with substantially
increasing solvent polarity from low-polar toluene to
high-polarity dimethyl formamide, its PL spectra undergo
a variation with a redshift up to 68 nm. The PL spectra of
TPA3BP show a positive solvatochromism effect. This
provides an opportunity to modulate its emission spec-
trum based on environmental factors.
Concentration-dependent  emission spectra  of
TPA3BP were measured in toluene solution to demon-
strate the source of lower energy emission bands. As
shown in Figure 2B, when the concentration of TPA3BP
is lower than 1.0 x 107> mol L™, only the higher energy
emission band can be observed. This higher energy
emission band around 420 nm is assigned to the ICT
emission for its sensibility to solvent polarity as illus-
trated before. The lower energy emission band (maxima
~560 nm) appears when the concentration reaches
1.0 x 10~* mol L™ which originates from intermolecular
charge transfer. To further investigate intermolecular
charge transfer emission and to verify the presence of
intermolecular hydrogen bonds, a trace amount of
methanol was gradually added to benzene solutions to
weaken the intermolecular hydrogen bonding. Figure 2C
shows the changes in the emission spectra of TPA3BP in
benzene solution (10.0 mL, 1.0 x 10~2 mol L) after the
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FIGURE 2 (A) UV-vis absorption, PL, and delayed PL spectra of TPA3BP (1 uM) in 2-Methyltetrahydrofuran solution at 295 K (RT)
and 77 K; the gate-controlled delay time was 8 ms (1ex = 365 nm). (B) Concentration-dependent PL spectra of TPA3BP in toluene solution
(Aex = 365 nm). (C) Changes in PL spectra of TPA3BP by gradual addition of methanol per 0.5 L in toluene (10.0 mL, 1 x 10™* mol/L,
Aex = 365 nm). (D) The PL spectra and delay PL spectra of TPA3BP (crystalline) at room temperature and 77 K (dex = 365 nm).

(E) Temperature-dependent steady-state PL spectra and (F) decay curves (at 560 nm) of TPA3BP (crystalline) (1ox = 365 nm). PL,

photoluminescent.

gradual addition of methanol (0.5 uL per time). As
anticipated, the intensities of the lower energy emission
bands decrease and are finally quenched with the step-
wise addition of methanol. Therefore, by controlling the
formation or destruction of the intermolecular hydrogen
bonding, the emission properties of these compounds can
easily be tuned. With respect to TPA3BP, the emission
colors can be tuned from (0.31, 0.24) to (0.17, 0.11) by the
addition of methanol to the toluene solution (Figure S6).
To gain a more comprehensive insight into the triplet
character, variations in luminescence at 77 K were also
investigated. The phosphorescence spectrum of TPA3BP
is well resolved and shows vibrational characteristics, and
the phosphorescent peaks of TPA3BP showed structured
emissions at 482, 520, and 562 nm.

To further investigate the properties of the intermo-
lecular charge transfer emission, temperature-dependent
emission studies were performed in the crystalline state.
The crystalline samples of TPA3BP present emission peaks
at 444 and 562 nm at 77 K (Figure 2D), whose emission
band at 444 nm is very close to that in its 2Me-THF solu-
tion. At room temperature, the PL spectrum of TPA3BP
peaked at 562 nm with a lifetime of 11.59 ns (Figure S7b).
Temperature-dependent emission spectra of TPA3BP in
the crystalline state were also performed, as shown in
Figure 2E. The time-resolved decay curves showed that the

delayed component unusual increased with increasing
temperature from 77 to 177 K, which could be attributed to
the enhanced nonradiative transition and the influence of
the emergence of a phosphorescence component.**2®
Besides, the results clearly show that TPA3BP crystal ex-
hibits stronger prompt and more negligible delayed
fluorescence components when the temperature de-
creases, which are consistent with TADF characteristics
(Figure 2F). Therefore, the lower energy emission band is
assigned to intermolecular charge transfer emission with
TADF characteristics, which is similar to TADF emission
described in previous studies.*

To better understand the emission mechanism, we
determined the exact molecular conformation by single-
crystal diffraction analysis. Yellow crystal TPA3BP was
obtained by recrystallization from mixed dichloro-
methane/n-hexane solvent systems. From the X-ray
diffraction (XRD) analyses, it was found that the molecules
in the single crystals of TPA3BP are packed based on the
P21n space group. TPA3BP exhibits a propeller-like
structure due to the non-coplanar orientation of its three
benzene rings within the TPA skeleton. The dihedral an-
gles between these rings are notably large (65.59°, 70.11°,
and 73.59°), making them nearly orthogonal to the TPA
group plane (dihedral angle of 73.59°) within the single
crystal structures. Various intermolecular interactions,
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such as C-H---m, C—H---O, and 7m—m interactions, are
evident in the crystal structure. Consequently, the tight
stacking creates a rigid environment, which should pro-
mote luminescence with a high quantum efficiency of
19.9% in the solid state. Moreover, C—H---O intermolecular
hydrogen bonding (Figure 3A) was formed between all the
carbonyl and the nearby benzene rings from another TPA
structure with distances of 2.566 A, 2.651 A, and 3.159 A.
These intermolecular hydrogen bonds facilitate proximity
between donor and acceptor moieties in separate mole-
cules within the aggregated state. Thus, intermolecular
charge transfers may occur after excitation. From the dis-
cussions above, it is highly likely that the fluorescence peak
at 562 nm originated from intermolecular CT. Conse-
quently, the tight stacking creates a rigid environment,
which should promote luminescence with high quantum
efficiency in the crystalline state.

To further explore the inherited mechanism of diverse
photophysical properties and establish the structure-
property relationship, time-dependent density func-
tional theory calculations were carried out on the G09
program at B3LYP/6-311G* set based on the single crystal
structure.’® Orbital distributions and calculated the
highest occupied molecular orbital (HOMO), the lowest
unoccupied molecular orbital (LUMO), singlet and triplet
energy levels, bandgaps, and AEgt for TPA3BP based on a
single crystalline state, as illustrated in Table S1. For
TPA3BP monomer, the electron density was localized
mostly on TPA fragments in the HOMO and the BP
fragment in the LUMO, which is typical for compounds
with ICT. A different situation was found for the TPA3BP
dimer. As illustrated in Table S2, according to natural
transition orbital analysis, the Sy-S; transition reveals a
distinct intermolecular CT, primarily located on the BP
unit of the neighboring molecule.>'** For TPA3BP dimer

(Table S3), the HOMO and LUMO are located in different
molecules for the intermolecular CT emission.

Based on the photophysical properties and calculated
results, a simplified Jablonski diagram is proposed in
Figure 3B. Upon UV light excitation, TPA3BP was
advanced to the excited monomer and dimer states
(named S;™ and S,°). Additional decay pathways,
including nonradiative decay to the ground state and the
process of ISC, leading to the formation of the excited
triplets T;™ and T, ", are also present. However, T,;™-state
exciton could initially be quenched by the surrounding
molecular oxygen and undergo deactivation pathways
such as triplet-triplet annihilation. To efficiently utilize
the corresponding triplet excitons, a polymer matrix with
different rigidities can be introduced to adjust lumines-
cence propensities. As reported before, a rigid polymer
matrix can be introduced to effectively suppress the
molecular motion and inhibit both ISC and other non-
radiative transitions. Therefore, polymers could be uti-
lized as the matrix to construct multi-decay pathways of
smart organic light-emitting materials.

In this work, polymers for the construction of multi-
decay pathways and realizing polymer-regulated smart
organic light-emitting materials were tested to be practi-
cable. To build different host energy levels and suppress
the non-radiation process, three polymers with different
polarities and rigidities were chosen to further construct
doped materials, namely, PDMS, PMMA and PVP. All
these hosts are directly purchased commercially and
used. None of them show RTP or thermal-sensitive
luminescence properties, but all hosts have good solubi-
lity and membrane abilities. PVP and PMMA were re-
ported as rigid matrices for effectively suppressing the
molecular motion to inhibit both reverse ISC and other
nonradiative transitions, thereby providing a feasible way

S M
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SM_——=F
ISC TS
—— T ISC
" B — 'T/1 D
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RTP tg'
o 14
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FIGURE 3
by intermolecular CT process.

(A) Intermolecular hydrogen bonds in the crystal of TPA3BP. (B) Strategy to construct efficient TADF and RTP triggered
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for RTP emission. TPA3BP@PMMA and TPA3BP@PVP
doped films with 1:1000 weight ratios were prepared to
test materials with the multi-luminescence property, and
the detailed preparation processes are presented in sup-
porting information. The steady-state absorption and
emission spectra of TPA3BP (Figure S8 and Figure 4B)
were measured in different polarities and rigidities of
polymers PDMS, PMMA and PVP. Three absorption
peaks (approximately 360~385 nm) are located on the
blue side, which are independent of the host polarity.
However, the absorption peak centered at ~369 nm for
TPA3BP in n-hexane shows a redshift as the host polarity
increases because the lone electron pairs of nitrogen
atoms can be particularly stabilized by the polar host.*
The absorption peak is centered at 362 nm in PDMS,
372 nm in PMMA and 382 nm in PVP, respectively.
Therefore, the polarity of the referred polymer can be

(a)

\@ S

® Gq,

deduced, presumably with PVP being the largest, PMMA
the second largest, and PDMS the smallest. Besides, we
also studied the PL and delay PL spectra of TPA3BP in
various polymer doped films are studied to reveal the
energy level of TPA3BP in the polymer matrices, as
shown in Figure S9 and Table S4.

Since neither TPA3BP powders nor polymeric
matrices emit RTP, it is evident that RTP of the TPA3BP
doped polymer films is from dispersed TPA3BP mole-
cules encapsulated in rigid PMMA and PVP matrices.
The polar environment of the polymer inhibits effectively
the formation of intermolecular hydrogen bonds
(Figure S10), therefore there was no corresponding for-
mation of intermolecular CTs, which also resulted in the
RTP only happening in monomers. Microstructures of
doped polymers were further investigated by XRD to
elucidate the RTP mechanism. The TPA3BP@PMMA
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FIGURE 4 (A) Schematic illustration of the structure of the TPA3BP@PDMS, TPA3BP@PMMA and TPA3BP@PVP doped materials.
(B) Normalized PL spectra of doped materials under 365 nm excitation. (C) Normalized delay PL spectra of doped materials (delay 8 ms)
under 365 nm excitation. (D) Time-dependent steady-state PL spectra of TPA3BP@PMMA upon 365 nm excitation at room temperature.
(E) Temperature-dependent emission spectra of TPA3BP@PDMS with (F) CIE color coordinates. (G) Decay curves of TPA3BP@PDMS at

different temperatures (Ex.: 365 nm). PL, photoluminescent.
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doped polymers show a distinct diffraction peak at 14°
similar to PMMA, indicating that they have the similar
crystalline structure (Figures S11 and S12) to pristine
PMMA. The diffraction peaks from TPA3BP crystals are
not observed in the XRD patterns of the doped polymers,
demonstrating that TPA3BP molecules are individually
distributed in the doped polymer films. TPA3BP@PMMA
and TPA3BP@PVP doped films show PL emissions
around 443 nm with similar spectra, which show guest
characteristics in a unimolecular state, as shown in
Figures 2A and 4B. PMMA was reported as an oxygen
permeable material that could be utilized by long-term
irradiation. With sustaining irradiation of UV light for
2.66 s, the PL emission intensity increased to its
maximum, and the arousal of the phosphorescence
emission peak at 484 nm gradually boosted (Figure 4D).
Therefore, the emission color switched from blue to
yellow-green of TPA3BP@PMMA which should be
attributed to the arousing phosphorescence emission
under sustaining UV irradiation. As a result, the delayed
PL spectrum of TPA3BP@PMMA reveals the existence of
persistent emission around 489 nm with a lifetime of
67.42 ms which could not be directly seen. This room-
temperature phosphorescence phenomenon awakened
by photoexcitation is often referred to as light-induced
RTP‘34—37

As for TPA3BP@PVP doped film, a fluorescence peak
at 455 nm was recorded when excited with light at
365 nm. In delay emission spectra (Figure 4C, delay
time = 8 ms), TPA3BP@PVP exhibited a strong phos-
phorescence emission at 506 nm with a 59.59 ms lifetime.
In this system, PVP can inhibit nonradiative transition
through rigid environments and hydrogen bonding in-
teractions between the substrate and TPA3BP. Thus, the
RTP property could be directly exhibited in the
TPA3BP@PVP. The differences in delay PL emission
between TPA3BP@PMMA and TPA3BP@PVP revealed
similar but different energy transfer processes due to
different excited state configurations of TPA3BP deriving
from diverse polymeric environments.

The above results demonstrate T,™ could be strongly
stabilized by the rigid and high polar polymer matrix and
exhibit a characteristic green RTP. Incorporation of
TPA3BP into a rigid matrix is an effective way to boost
RTP emissions. Nevertheless, in a low-polarity polymer
matrix like PDMS, TPA3BP exhibits TADF properties
similar to the aggregated state without RTP emission. The
emission of TPA3BP@PDMS show different properties
from those of TPA3BP@PMMA and TPA3BP@PVP.
TPA3BP@PDMS exhibited distinct dual emissions, as
shown in Figure 4E and Figure S13. The doped polymeric
films were made by the method reported in the support
information. For the chosen flexible matrix PDMS,

TPA3BP@PDMS exhibits a distinct aggregate state
property in this matrix, possibly due to its presence in the
form of dimers in the matrix. For crystalline TPA3BP,
combined with the actual experimental results, the
emission peak caused by intermolecular charge transfer
shows obvious TADF properties, while the intrinsic ma-
terial single-molecule fluorescence peak is fluorescence.
Two emission sources with different temperature sensi-
tivities contribute to the difference in luminescence of
TPA3BP@PDMS at different temperatures.

The PL intensity of emission at 460 nm decreases with
the temperature increasing from 77 to 300 K but the yellow
emission band at 560 nm increases. Temperature-
dependent luminescence shows cool white light at low
temperatures, and with the increase in temperature, the
TADF peak is further activated, and the material shows
obvious emission changes from white light (0.26, 0.31) to
warm white light (0.32, 0.41) to yellow light (Figure 4F).
Based on the similarity solution principle, the small po-
larity and rigidity of PDMS caused TPA3BP exhibit TADF,
like in the aggregation state. The emission peak at 560 nm
disappeared when the doping concentration was reduced
to 1: 10 000 (Figure S13). The emission at 560 nm shows
similar spectra with the intermolecular hydrogen bonds
between TPA3BP and nearby TPA3BP as mentioned
above, which also exhibit TADF. Temperature-dependent
emission studies were performed for the lower energy
emission band of the TPA3BP@PDMS thin film (Figure 4G
and Figure S14). The results clearly show that
TPA3BP@PDMS thin film exhibits TADF characteristics
similar to the TADF of crystalline TPA3BP.

Overall, the experimental results suggest that the decay
pathways of TPA3BP in the polymer host may be influ-
enced by the polarity of the polymeric matrix. Besides, the
differences of the oxygen permeability properties of the
polymers also resulting in both of the TPA3BP@PDMS and
TPA3BP@PVP did not exhibited obvious light-induced
RTP like TPA3BBP@PMMA as shown in Figure S15. To
our delight, the results show the agreement with design
strategy that when doping into high polarity and rigidity
host polymers, evident RTP could be observed. However,
doped materials when using flexible substrates like PDMS,
RTP did not exist. This phenomenon also explains that the
PL spectra of TPA3BP in PMMA and PVP do not show the
emission peak of its own intermolecular hydrogen bonds
(Figure S16) due to the formation of hydrogen bonds with
the polar host materials.

Considering the switchable PL properties of TPA3BP-
based doping polymers, it can be applied to anticoun-
terfeiting and information encryption. We developed a
series of patterns to visualize their characteristics, as
shown in Figure 5A. The pattern of TPA3BP@PDMS is
poured into silicone molds and dried at 70°C for a day,
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TPA3BP@PMMA in information encryption and (C) multi-pattern input anti-counterfeiting photographs.

producing a butterfly-shaped label with different
PL visualizations under various temperatures. The
TPA3BP@PMMA film exhibited blue emission under
365 nm UV irradiation, and no RTP could be observed
after ceasing the UV light at the beginning. However,
when the film was excited for several seconds with UV
light, the blue emission of the film changed into a cyan
emission, and the cyan RTP can be seen after stopping
UV excitation. After 365 nm activation, the PLQY has
been significantly improved, from 5.1% to 21.4%. The
pattern of TPA3BP@PVP could exhibit cyan RTP under
365 nm UV irradiation with PLQY up to 27.8%.
Advanced information encryption and decryption
could be realized by making use of the UV irradiation
responsive RTP properties of doping PMMA systems.*® **
We took advantage of TPA3BP@PMMA film to serve as
information encryption paper, and the UV light was used
as the ink to write or paint different information within
different regions. As illustrated, the encrypted pattern was
input by using the mask. In the absence of ultraviolet light,
the written information is unreadable to the naked eye.
However, after removing the mask, the film exhibited cyan
emission with the information deer under 365 nm UV
irradiation (Figure 5B). After removing UV irradiation for

different durations, this pattern is changed into a green
running deer. As shown in Figure 5C, by putting a photo-
mask with various patterns on the film surface, the input
pattern turns green after continuous UV irradiation.
Similarly, the pattern sunglasses, clouds and rain, wind-
mill, moon and stars, sun and rose were drawn with UV
light, which all exhibit bright cyan emission after stopping
UV excitation. Moreover, the resulting picture could be
retained for several seconds due to the unique RTP prop-
erties. Afterward, the pattern could be cleared via consis-
tent illumination of the entire film, thus achieving the role
of encryption information being erased, to achieve the
purpose of decoration and encryption. These preliminary
results demonstrate that TPA3BP has great potential ap-
plications in advanced anti-counterfeiting and information
encryption technologies.

3 | CONCLUSION

In conclusion, we have proposed a convenient strategy to
achieve multi-decay pathways based on doping TPA3BP
into different polymers, and finally, we have successfully
realized polymer regulated smart organic light-emitting
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material. Polymers like PMMA and PVP with distinct ri-
gidity, triplet energy level, and oxygen permeation result in
the cyan RTP of doping materials, which did not exist in the
TPA3BP. Excitingly, PMMA films of TPA3BP demonstrate
photo-induced RTP due to consuming oxygen under UV
irradiation, while the RTP of TPA3BP@PVP could directly
exhibit no excitation. In addition, applying flexible sub-
strate PDMS could rationally tune the dual-emission at
different temperatures from cold-white to yellow. This
handy approach can also provide a controlled temperature-
sensitive material to build accurate temperature-
identifying structures and ideal models. Based on this
strategy, more accurate dynamic anticounterfeiting with
RTP, TADF, temperature sensitive emissions can be easily
achieved based on selecting different polymers, which
may open a new research direction in organic excitons
regulation.

3.1 | Experimental section

CCDC 2281471 contain the supplementary crystallo-
graphic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data
Center.
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