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Achieving stable, persistent room-temperature phosphorescence (RTP) within flexible and deformable

elastomer matrices, particularly those that are amenable to advanced manufacturing techniques like 3D

printing, is critical for developing future flexible sensors, yet it remains a significant challenge. Existing

limitations often arise from quenching effects inherent to polymer motions, the poor solubility or

dispersion of phosphors, and the difficulty in maintaining photophysical integrity under mechanical

stress. Here, we address these challenges by introducing a versatile, generalisable approach to fabricate

high-performance, 3D-printable RTP elastomers. N-Ethylcarbazole derivatives were developed as guest

molecules doped into 3D-printable isobornyl acrylate (IBOA): benzyl acrylate (BA) resins. The resulting

RTP elastomers exhibited exceptional photophysical properties under ambient atmospheric conditions. It

is worthy of note that these elastomers retained their RTP properties consistently throughout both

deformation under an external force and the fully recovered state and exhibited no observable

alterations. This work provides a general, scalable solution for producing 3D printable RTP elastomers,

establishing a foundation for exploring their applications in emerging fields such as flexible sensors and

intelligent deformable structures.

Introduction

Recent advancements in room-temperature phosphorescent
(RTP) materials have progressively shifted from optimizing
the static luminescence properties to enabling functional and
dynamic applications.1–5 Through strategies such as molecular
engineering, e.g. twisted conformation design and heavy-atom
effect modulation,6–11 host–guest doping,12–17 and H-
aggregation,18–20 researchers have been able to control phos-
phorescence lifetimes and emission wavelengths in fields such
as anti-counterfeiting,21–23 bioimaging24–27 and sensing.28–30

However, current research focuses on rigid polymer films or
molecular crystals, which suffer from poor elastic deformation
capabilities and insufficient cycling stability, struggling to meet
the demand for synchronized dynamic deformation and

phosphorescent responses in emerging applications. The inves-
tigation of RTP elastomers holds significant importance in the
field of smart materials as it integrates phosphorescence with
elastomeric mechanical properties, offering innovative solu-
tions for flexible wearable devices and dynamic stress-
visualized sensing.

Therefore, the development of elastomeric RTP materials
with high elasticity, recoverable deformation, and stable phos-
phorescence emission has become imperative. However, this
field faces critical challenges in material design. On the one
hand, phosphorescence emission requires rigid molecular fra-
meworks to suppress the non-radiative transitions of triplet
excitons, while the high deformability of elastomers demands
substantial segmental mobility.31–35 On the other hand, the
reversible reconstruction of microstructures during dynamic
deformation tends to disrupt the excited-state energy-transfer
pathways of phosphorescent units, leading to luminescence
decay.36 Furthermore, achieving synchronized regulation of
phosphorescence lifetime, emission wavelength, and mechan-
ical responsiveness under complex stress remains a pivotal
scientific bottleneck. Addressing these challenges necessitates
the construction of multi-level molecular networks that harmo-
nize rigidity and flexibility, coupled with unveiling of the
fundamental principles governing photo-mechanical coupling
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mechanisms under external forces. Overcoming these limitations
would advance intelligent luminescent materials from static
properties to dynamic functionalities, offering substantial scien-
tific value for next-generation adaptive optoelectronic systems.

In this work, we propose a universal strategy to design and
prepare elastomeric RTP materials, as shown in Fig. 1. By
integrating molecular engineering with a polymer matrix
synergy strategy, we successfully developed novel materials that
combine high elastic deformability (elongation at break exceed-
ing 516%) with long-lived room-temperature phosphorescence
(lifetime, t B 412 ms). Through targeted functionalization of
carbazole derivatives, triphenylamine (TPA) and diphenylpho-
sphine oxide (DPO) groups were introduced at the 3-/6-
positions of an ethylcarbazole (EtCz) core, constructing three
triplet-exciton-regulated compounds, namely, EtCzTPADPO,
EtCzTPA, and EtCzDPO. These compounds were precisely dis-
persed into hydroxyethyl acrylate (HEA): acrylic acid (AA) resin
and isobornyl acrylate (IBOA): benzyl acrylate (BA) elastomeric
resin. Experimental results demonstrated that the TPA group
significantly enhanced the intersystem crossing efficiency via
intramolecular charge transfer (ICT). The PQO moiety in the
DPO unit facilitated strong SOC, promoting ISC, as supported
by the studies on phosphine oxide-containing systems. Besides,
the n - p* transition associated with PQO further enhanced
the SOC efficiency, contributing to rapid ISC and triplet-state
population. Specifically, the interactions between the guest
molecules and the polymer matrix played a pivotal role in
suppressing non-radiative transitions to achieve efficient RTP.

Fig. 1 Design of 3D-printable RTP elastomers based on N-ethylcarbazole
derivatives.

Fig. 2 (a) Chemical structures of EtCzDPO, EtCzDPOTPA and EtCzTPA. UV-Vis absorption and normalized steady-state PL spectra of (b) EtCzDPO, (c)
EtCzDPOTPA and (d) EtCzTPA in a dilute DCM solution; steady-state PL spectra and delayed PL (delayed time = 8 ms) spectra for (e) EtCzDPO, (f)
EtCzDPOTPA and (g) EtCzTPA. Inset: phosphorescent photographs at 77 K after UV excitation.
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Additionally, host–guest interactions helped prevent
aggregation-induced quenching of the guest molecules, ensur-
ing that triplet excitons underwent radiative decay to produce
phosphorescence at room temperature. Concurrently, the
dynamic hydrogen-bonding networks within the elastomeric
resins endowed the material with deformation capability up to
516.34%. Theoretical calculations further revealed that the
synergistic EtCzTPADPO interaction reduced the singlet–triplet
energy gap (DEST) to 0.54 eV and suppressed the exciton
quenching during stretching through p–p confinement effects.
This work pioneers the controllable 3D printing of phosphor-
escent elastomers, whose strain-luminescence synchronization
properties offer groundbreaking solutions for flexible stress
sensing and dynamic optical encoding.

Results and discussion

Firstly, the compounds EtCzDPO, EtCzTPADPO, and EtCzTPA
were designed and synthesized, taking N-ethylcarbazole as the
core component and incorporating TPA and TPO into its
molecular skeleton. Detailed synthetic procedures for the target
compounds are provided in Fig. S1 of the SI. The resulting
compounds EtCzTPADPO, EtCzTPA, and EtCzDPO were com-
prehensively confirmed using 1H NMR, 13C NMR and high-
resolution mass spectrometry (HRMS) (Fig. S2–S10). Subse-
quently, the photophysical properties of these materials in both
solution and solid states were systematically investigated by
their spectral characteristics. Dilute dichloromethane (DCM)
solutions of EtCzDPO, EtCzTPADPO, and EtCzTPA were pre-
pared at a concentration of 1.0 � 10�5 mol L�1. Fig. 2b–d
present the ultraviolet-visible (UV-vis) absorption and steady-
state photoluminescence (PL) spectra of these compounds. The
absorption peaks of EtCzDPO were located at 278, 293 and
331 nm; the peaks of EtCzTPADPO were located at 283 nm and
331 nm, and for EtCzTPA, a single peak was located at 321 nm.
These absorptions were attributed to the typical p–p* transi-
tions mixed with n–p* transitions.

The steady-state PL spectra revealed fluorescence emission
peaks at 352 nm and 370 nm for EtCzDPO, at 422 nm for
EtCzTPADPO, and at 421 nm for EtCzTPA. Notably, the emis-
sion peak of EtCzDPO in solution was blue-shifted compared
with those of EtCzTPA and EtCzDPOTPA. In addition, we
evaluated the steady-state PL spectra and delayed PL spectra
of these compounds in 2-methyltetrahydrofuran (2-MeTHF) at a
concentration of 1.0 � 10�5 mol L�1 at 77 K. As illustrated in
Fig. 2e, under a 330 nm excitation, EtCzDPO showed structured
emission characteristics at 77 K, with fluorescent emission
peaks at 349 nm and 367 nm and phosphorescent emission
peaks at 407 nm and 436 nm. However, due to the weak
phosphorescence performance of this compound, its delayed
PL spectra and phosphorescence images could not be captured
at low temperatures. EtCzTPADPO exhibited structured PL
emission features with peaks at approximately 409 nm,
483 nm, and 516 nm under a 365 nm excitation, while the
delayed spectra displayed structured emission peaks at around

483 nm and 516 nm. The emission peak at 409 nm corre-
sponded to fluorescence at low temperature, while the struc-
tured emission peaks at 483 nm and 516 nm were attributed to
phosphorescence, with a green phosphorescent emission. At
77 K, the 2-MeTHF solvent formed a glassy state, suppressing
non-radiative transitions of triplet excitons and resulting in
prominent phosphorescence emission. Compared with EtCzT-
PADPO, EtCzTPA exhibited similar photophysical properties at
low temperatures, a fluorescence emission peak at 411 nm and
phosphorescence emission peaks at 485 nm and 518 nm, with
green phosphorescence.

Fig. S11 shows the excitation spectra of EtCzDPO, EtCzT-
PADPO and EtCzTPA in their solid powder state. Results
indicated that all the three compounds can be excited by UV
light within the UV spectral region. Fig. S12–S14 present their
steady-state PL spectra and time-resolved fluorescence decay
curves in the powder state, respectively. EtCzDPO showed an
emission peak at 390 nm with a fluorescence lifetime of
12.04 ns; EtCzTPADPO exhibited an emission peak at 440 nm
with a fluorescence lifetime of 8.14 ns; and EtCzTPA exhibited
an emission peak at 426 nm with a fluorescence lifetime of
3.95 ns. The fluorescence lifetimes of all the three compounds
in the solid state were on the nanosecond scale, and no delayed
luminescence was observed. These findings confirmed that
EtCzDPO, EtCzTPADPO and EtCzTPA were typical fluorescent
materials in their solid forms, with emission characteristics
dominated by prompt fluorescence rather than phosphores-
cence. All the three EtCz derivatives exhibited fluorescence with
PLQYs of 8.16% for EtCzDPO, 18.47% for EtCzTPADPO and
3.86% for EtCzTPA.

Although all the three compounds were typical fluorescent
materials in their solid state, our experimental findings
revealed that when doped into different polymer matrices, such
as hydroxyethyl acrylate (HEA): acrylic acid (AA) photosensitive
resin or isobornyl acrylate (IBOA): benzyl acrylate (BA) photo-
sensitive elastic resin, EtCzTPA and EtCzTPADPO exhibited
excellent RTP properties even at a doping amount of 0.1 wt%.
Fig. 3 displays the photophysical properties of EtCzDPO, EtCzT-
PADPO and EtCzTPA doped in the HEA:AA resin. As shown in
Fig. 3a–c, molecular vibrations in the excited state rendered the
steady-state PL spectra with the characteristics of a structured
emission, with the maximum emission peak at 368 nm for
EtCzDPO@HEA:AA, 420 nm and 496 nm for EtCzTPADPO@-
HEA:AA and 426 nm and 502 nm for EtCzTPA@HEA:AA. Upon
turning off the 365 nm UV light, the delayed PL spectra
exhibited emission peaks at 407 nm and 440 nm for EtCzD-
PO@HEA:AA, 499 nm and 527 nm for EtCzTPADPO@HEA:AA
and 493 nm and 523 nm for EtCzTPA@HEA:AA. As shown in
Fig. 3d–f, time-resolved decay analysis revealed a phosphores-
cence lifetime of 46.75 ms for EtCzDPO@HEA:AA, 810 ms for
EtCzTPADPO@HEA:AA and 630 ms for EtCzTPA@HEA:AA. Fig.
S15 indicates fluorescence lifetimes of 8.81 ns for EtCzDPO@-
HEA:AA, 9.26 ns for EtCzTPADPO@HEA:AA and 4.54 ns for
EtCzTPA@HEA:AA.

Delayed PL emissions originated from the phosphorescence
emission of isolated molecules, which could be verified by the
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phosphorescence spectra of these molecules in 2-MeTHF at
77 K. Within the HEA:AA resin, the guest molecules EtCzDPO,
EtCzTPADPO and EtCzTPA formed strong intermolecular inter-
actions with the polymer matrix, suppressing molecular vibra-
tions in the excited state and giving rise to RTP. Indeed, Fig. 3g
shows phosphorescent photographs of the three compounds
doped in the HEA:AA photosensitive resin. Under UV excitation,
the steady-state PL spectra of all the three compounds in the
resin exhibited a blue emission. After turning off the UV light,
EtCzTPADPO displayed a bright green afterglow emission that
lasted about 7 s. In contrast, EtCzTPA exhibited a shorter
afterglow duration of 4 s. The afterglow colors of both the
compounds matched their phosphorescence colors observed in
the glassy matrix of 2-MeTHF at 77 K. Therefore, this consis-
tency further confirmed that the phosphorescence in the
HEA:AA photosensitive resin originated from the lowest triplet

excited state (T1) of the single molecule. The RTP properties of
EtCzDPO@HEA:AA were extremely weak, barely detectable even
after the UV light was switched off, and could only be briefly
captured by cameras. In contrast, the RTP performance of
EtCzTPADPO within the HEA:AA resin surpassed those of the
other two compounds, as shown in Fig. 3g.

Most currently reported host–guest organic RTP materials
based on resin matrices exist as flexible thin films, where the
rigid resin environment promotes phosphorescent emission
from the lowest triplet excited state of the guest molecules.
However, few elastomeric RTP materials compatible with digi-
tal light processing (DLP) 3D printing have been reported to
date.37–39 We developed an elastically deformable resin matrix
using IBOA and BA, with aliphatic urethane diacrylate (AUD) as
the crosslinker, and systematically investigated the RTP proper-
ties of the doped materials.

Fig. 3 Steady-state PL spectra and delayed PL (delayed time = 8 ms) spectra of (a) EtCzDPO@HEA:AA (b) EtCzTPADPO@HEA:AA and (c) EtCzTPA@-
HEA:AA under 297 K. (d) Time-resolved phosphorescence decay curve of (d) EtCzDPO@HEA:AA, (e) EtCzTPADPO@HEA:AA and (f) EtCzTPA@HEA:AA
under 297 K (lex = 365 nm). (g) Photographs of the EtCzDPO@HEA:AA, EtCzTPADPO@HEA:AA and EtCzTPA@HEA:AA films under UV excitation and after
turning off the UV excitation (lex = 365 nm).
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Fig. 4a shows the photophysical properties of EtCzDPO
doped in the IBOA:BA matrix. EtCzDPO@IBOA:BA did not
exhibit RTP in the IBOA:BA elastic resin. Upon excitation at
310 nm, its PL spectrum showed an emission peak at 369 nm
with a lifetime of 9.17 ns. As noted earlier, its intrinsic
phosphorescence was weak, and no phosphorescent emission
was observed even in 2-MeTHF solution at 77 K. For EtCzT-
PADPO@IBOA:BA, the steady-state PL spectrum under UV
excitation exhibited an emission peak at 400 nm. After the UV
light was turned off, the delayed PL spectrum displayed peaks
at 502 nm and 530 nm, as shown in Fig. 4b. EtCzTPA@IBOA:BA
showed a steady-state PL emission peak at 422 nm under a
330 nm excitation. After the UV lamp was turned off, its delayed
PL emission spectrum exhibited peaks at 499 nm and 530 nm,
as shown in Fig. 4c. The delayed emission spectral peak profiles
and emission maxima for both EtCzTPADPO and EtCzTPA in

the IBOA:BA elastic resin closely matched those observed in
their respective 77 K 2-MeTHF states. This indicates that the
phosphorescence in the IBOA:BA elastic resin originates from
the T1 state of the guest molecules. Time-resolved decay curves
revealed a fluorescence emission peak at 400 nm with a lifetime
of 9.10 ns and a phosphorescence emission peak at 530 nm
with a lifetime of 411.73 ms for EtCzTPADPO@IBOA:BA. How-
ever, the fluorescence emission peak at 422 nm exhibited a
lifetime of 7.97 ns and the phosphorescence emission peak at
525 nm exhibited a lifetime of 283.75 ms for EtCzTPA@I-
BOA:BA. Compared with the photoluminescence quantum yield
(PLQY) of 10.31% for EtCzTPADPO@IBOA:BA, EtCzTPA@I-
BOA:BA had a much lower PLQY (less than 1%), and this lower
PLQY reflected its notably reduced RTP performance. Fig. 4g
shows the RTP photographs of the three compounds doped in
the IBOA:BA matrix. After UV excitation ceased, the resin

Fig. 4 Steady-state PL spectra (lex = 310 nm) and delayed PL (lex = 365 nm, delayed time = 8 ms) spectra of (a) EtCzDPO@IBOA:BA (b)
EtCzTPADPO@IBOA:BA and (c) EtCzTPA@IBOA:BA under 297 K. Time-resolved decay curves of (d) EtCzDPO@IBOA:BA, (e) EtCzTPADPO@IBOA:BA
and (f) EtCzTPA@IBOA:BA under 297 K. (g) Photographs of the EtCzDPO@IBOA:BA, EtCzTPADPO@IBOA:BA and EtCzTPA@IBOA:BA films under UV
excitation and after turning off the UV excitation (lex = 365 nm).
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samples incorporating EtCzTPADPO and EtCzTPA exhibited
RTP properties, while the sample with EtCzDPO@IBOA:BA
failed to show any phosphorescence. Compared with their
performance in the HEA:AA resin matrix, both EtCzTPADPO@I-
BOA:BA and EtCzTPA@IBOA:BA demonstrated significantly
reduced RTP properties in the IBOA:BA elastic matrix. Within
this elastic resin, EtCzTPADPO@IBOA:BA exhibited an RTP
duration exceeding 3 s, while EtCzTPA@IBOA:BA showed a
duration of 2 s.

To better illustrate the deformation capability of RTP elas-
tomers, we conducted tensile tests on the EtCzTPADPO@I-
BOA:BA elastomer, as illustrated in Fig. S17. In the initial
stage, stress increased linearly with strain, indicating elastic
deformation and demonstrating that this elastomer can recover
elastically during the initial stretching stage. After the strain
exceeded 10%, the increase in stress slowed down as strain
increased, and the elastomer began to undergo plastic defor-
mation. Further increase in strain led to the elastomer reaching
its tensile limit and subsequent fracture at strains exceeding
500%. The experimental results demonstrated that the elasto-
mer exhibited an elongation at break of 516.34%, indicating
excellent elastic performance. The EtCzTPADPO@IBOA:BA
elastomer exhibited a deformation capacity of up to 516.34%,
while the undoped elastomer showed a deformation capacity of
only 379.58%. Compared with the pristine IBOA:BA elastomer,
the EtCzTPADPO@IBOA:BA elastomer demonstrated distinc-
tively enhanced deformation performance; this improvement
was directly attributed to the incorporation of EtCzTPADPO
molecules. Moreover, when the samples were stretched to 300%
of their original length, as shown in Fig. S23, a decay in both
the steady-state PL luminescence intensity and delayed PL
luminescence intensity was observed, which was attributed to
the reversible reconstruction of microstructures during
dynamic deformation that tended to disrupt the excited-state
energy transfer pathways of emitters, leading to luminescence
decay.36 Notably, the phosphorescent emission wavelength
exhibited no significant shift during the deformation process
induced by an external force. In addition, systematic character-
izations of the elastomers were conducted, including infrared
spectroscopy (IR), thermogravimetric analysis (TGA), and
dynamic mechanical analysis (DMA), as shown in Fig. S18–S22.

To investigate the luminescence mechanism of RTP elasto-
mers in detail, we performed density functional theory (DFT)
and time-dependent DFT (TD-DFT) calculations based on the
molecular geometries optimized at the B3LYP/6-311G* level for
their ground states.40–45 Notably, the molecules EtCzDPO,
EtCzTPADPO, and EtCzTPA adopted a highly twisted conforma-
tion in their monomer states. In particular, for EtCzDPO, the
electron-accepting DPO was surrounded by EtCz groups, result-
ing in a highly twisted structure. The twisted conformation
effectively prevented the formation of coplanar packing,
thereby suppressing the severe aggregation-caused quenching
effect that is typical of polycyclic p-conjugated materials. This
suppression was confirmed by our finding that all the three
EtCz derivatives exhibited high fluorescence emission in their
solid state, as illustrated above.

Furthermore, TD-DFT results revealed distinct electron den-
sity distributions for the highest occupied molecular orbitals
(HOMOs) and the lowest unoccupied molecular orbitals
(LUMOs) in these molecules (Fig. 5). In EtCzDPO, the HOMO
and the LUMO were both highly localized on the EtCz moiety.
This indicated that electronic excitation primarily occurred
within the EtCz core unit. Concurrently, the DPO group did
not participate in this process, demonstrating no contribution
to either electron transfer or distribution of the frontier mole-
cular orbitals. A relatively large HOMO–LUMO energy gap of
4.62 eV was exhibited by EtCzDPO as a result of this specificity
in the electronic structure. EtCzTPADPO, on the other hand,
displayed a different electron distribution pattern. Its HOMO
orbital was mainly concentrated on the TPA group, while the
EtCz part made a smaller but important contribution; its LUMO
orbital was mostly spread over the EtCz part. Notably, the
frontier orbital distribution and electron transfer processes
were not affected by the DPO group present in this molecule.
EtCzTPA’s HOMO orbital was more spread out, covering both
the TPA and EtCz groups, showing the shared electron char-
acteristics between these parts. The LUMO orbital, on the other
hand, was clearly focused on the EtCz region. EtCzTPADPO and
EtCzTPA had similar HOMO–LUMO energy gaps of 3.83 eV and
3.91 eV, respectively, which were notably smaller than that of
EtCzDPO. In EtCzTPADPO and EtCzDPO, the electron transi-
tion process involved a charge transfer from the TPA group to
the EtCz group, while in EtCzDPO, the electron transition
process only occurred within the EtCz group. Therefore, the
charge transfer from the TPA group to the EtCz group was an
important reason for the RTP phenomenon of EtCzTPADPO
and EtCzTPA in the resin substrate.

Phosphorescence emission fundamentally correlated with
the radiative transition from the T1 state to the ground state (S0)
in the compounds. To gain deeper insights into the

Fig. 5 HOMO and the LUMO density maps of EtCzDPO, EtCzTPADPO
and EtCzTPA (calculated at the B3LYP/6-311G* level, isovalue = 0.02).
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characteristics of EtCzDPO, EtCzTPADPO and EtCzTPA in the
T1 state, electron–hole isosurface plots corresponding to their
respective S0 - T1 transitions were evaluated (Fig. S24). Blue
isosurfaces represented the spatial distribution of holes, while
green isosurfaces represented the spatial distribution of excited
electrons. These three-dimensional distribution models clearly
revealed and compared the characteristics of the electronic
transitions involved in the T1 state excitation across different
molecular systems. For EtCzTPADPO and EtCzTPA, holes were
primarily localized on the TPA moiety, while electrons mainly
distributed over the EtCz group, with partial extension to the
phenyl rings of the triphenylamine unit adjacent to EtCz. This
spatially separated charge distribution pattern unequivocally
demonstrated that the T1 in EtCzTPADPO and EtCzTPA exhib-
ited pronounced ICT character. In contrast, for EtCzDPO, both
electrons and holes were confined within the EtCz moiety,
showing no discernible charge separation across distinct mole-
cular fragments. This clearly indicates that the T1 state of
EtCzDPO represents a typical local excitation (LE).

To further elucidate the efficiency and pathways of inter-
system crossing (ISC) between the excited states, we also
analysed the detailed singlet (Sn) and triplet (Tn) energy levels
of these compounds, as shown in Fig. S25–S27. The theoreti-
cally calculated lowest excited singlet state (S1) and T1 were
3.95/3.16 eV for EtCzDPO, 3.42/2.88 eV for EtCzTPADPO and
3.46/2.83 eV for EtCzTPA. In addition, we calculated the spin–
orbit coupling (SOC) constants using the ORCA 4.0 program. It
is proven that SOC constants (x) provide key insights into ISC
rates. The x value for the S0 - T1 transition in EtCzDPO was
only 0.33 cm�1, significantly lower than those of EtCzTPADPO
(x = 0.68 cm�1) and EtCzTPA (x = 0.64 cm�1). This weaker SOC
constant, combined with the larger DEST energy gap, resulted in
weak intersystem crossing for EtCzDPO compared with the
other two compounds. These results explained the weaker
RTP observed for EtCzDPO in polymer matrices as efficient
and rapid ISC is a prerequisite for strong phosphorescence
emission. Conversely, the smaller DEST energy gaps and stron-
ger SOC couplings enabled more efficient ISC pathways in
EtCzTPADPO and EtCzTPA, which constitute key factors under-
lying their significant phosphorescence in resin matrices at

room temperature. Corresponding excited-state energies and
orbital transition compositions are detailed in Tables S1–S3.

Utilizing DLP 3D printing technology, we successfully fabri-
cated 3D RTP flexible materials with elastic deformation cap-
abilities by uniformly dispersing the highly efficient emitter
EtCzTPADPO at a low doping concentration (0.1 wt%) within an
IBOA:BA photosensitive resin matrix. As illustrated in Fig. 6, we
printed a structurally sophisticated lattice framework model to
demonstrate its practical formability. Upon deactivation of the
ultraviolet excitation source, the printed 3D structure immedi-
ately exhibited a bright green phosphorescence originating
from the T1 of the doped EtCzTPADPO material.

When subjected to external forces, the printed structure
underwent significant, visually discernible deformation.
Remarkably, upon the removal of the forces, the structure
spontaneously and fully recovered its initial configuration,
demonstrating exceptional elasticity and reversible mechanical
deformation characteristics. Critically, the phosphorescent
emission properties, including intensity and wavelength,
remained consistent throughout both the deformation process
under external forces and after full recovery, with no observable
alterations. This study pioneers the fabrication of 3D RTP
materials with superior elastic deformation properties through
DLP 3D printing technology. This achievement not only high-
lights the material’s unique synergistic mechanical-optical
properties but also lays the foundation for unlocking its
potential applications in emerging fields like intelligent
deformable structures.

Conclusions

In summary, this study proposes and validates an innovative,
universal strategy that bridges molecular design and polymeric
engineering, successfully achieving the precise fabrication of
highly deformable RTP elastomers. These elastomers are per-
fectly compatible with advanced DLP 3D printing technology.
By designing a class of functionalized EtCz derivatives and
doping as phosphorescent chromophores into IBOA:BA resin,
we achieved unification between extraordinary elastic deform-
ability (fracture strain 4516%) and ultralong-lived RTP (phos-
phorescence lifetime t E 412 ms). Introduction of TPA and
DPO units significantly reduced DEST, fundamentally ensuring
efficient ISC. In addition, the weak interactions between the
guest molecules and the polymer significantly suppresses the
non-radiative transition of the triplet excitons. Critically, the
phosphorescent emission wavelength showed no significant
shift during both the deformation process under an external
force and after full recovery. This approach effectively provides
a new strategy for constructing 3D-printable elastomeric RTP
materials.
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