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ABSTRACT: A high-performance polyurethane elastomer with conjugated structures on chains was designed and synthesized.
First, the π−π conjugated interaction can enhance the mechanical properties of polyurethane via noncovalent cross-linking without
ruining recyclability. Meanwhile, due to the photocontrolled cis−trans isomerization of imine bonds, the conjugation of the aromatic
rings exhibited a UV light-controllable characteristic, thereby enabling the control of the mechanical properties of polyurethane with
UV light. The fluorescence properties of the conjugated structure can also be controlled by UV light via photoisomerization of C�
N. Therefore, in this study, a kind of polyurethane elastomer with UV light-controllable mechanical properties and fluorescence
emission was obtained. While its mechanical performance is tuned by UV light, it can also be applied in the area of information
storage due to its tunable fluorescence. Patterns and information can be written on the polyurethane film via UV light irradiation.

■ INTRODUCTION
Polyurethane is widely used in multiple fields in people’s daily
lives due to its excellent performance and the strong
designability of its structure and performance. With the
development of science and technology, further requirements
have been put forward for the performance of the materials.
For polyurethanes, it is required that they possess excellent
performance while also having the characteristic of recyclability
and reprocessability.1−3 Therefore, the traditional strategy of
enhancing the performance through cross-linking is no longer
applicable. Currently, in these areas, the construction of
polyurethane with the participation of dynamic bonds is mostly
used to achieve the balance between performance enhance-
ment and recyclability.

π−π conjugation is a noncovalent interaction that exists
between aromatic structures containing π orbitals. The π−π
conjugation effect arises from the attractive interaction
between electron clouds with different charges within the
aromatic systems.4−6 This interaction can be classified into two
types: (i) face-to-face stacking and (ii) edge−face stacking.
Their energy levels are approximately 1 to 50 kJ·mol−1 for the
stacking of benzene rings, with most falling around 10 kJ·mol−1
or lower.7 The π−π conjugation, as a topical noncovalent

dynamic bond, has also received extensive attention from
researchers, and some works have achieved encouraging
results. Lu’s group8 designed and synthesized a series of PU
with a biphenyl structure on the chains. The π−π conjugation
and cation−π interactions of biphenyl enhanced the strength
and toughness of the material. Du9 designed an elastomer with
a novel chain extender featuring a phenylurea group at the end
with dense hydrogen bonds and π−π interactions, which
imparts strong mechanical properties. Zhou and Song10

prepared a series of high-strength flame-retardant polyur-
ethanes using a chain extender with phosphorus-containing
conjugated groups. Due to the π−π stacking effect, the
mechanical strength of this kind of polyurethane was
significantly enhanced. The breaking strength was 57 MPa,
and the elongation at break was 2260%. The toughness was
460 MJ/m3, and the true fracture stress was as high as 1.34
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GPa, which exceeded the true fracture stress value of all of the
previously prepared polyurethane elastomers. This kind of
polyurethane film can even lift an object that is 100,000 times
heavier than itself. Further, Dong’s group11 designed a
polyurethane system with both aromatic and temperature-
responsive dynamic bonds. The strong π−π stacking
interactions were adjusted and rearranged via the temper-
ature-responsive dynamic bonds, thereby improving the
thermal stability of the linear aromatic polyurethanes. It
indicated that this kind of aromatic polyurethane had a more
stable π−π stacking interaction as the temperature increased.
Wang’s group12 developed a light-regulated slide-ring polymer
network (PMA-SR), which combined light-responsive azoben-
zene switches and slide-ring structures. This system can
modulate the mechanical properties of the polymer via UV
light-induced photoisomerization. UV light induces the
azobenzene units to undergo cis−trans photoisomerization,
and the formation of the cis-configuration restricts the sliding
of the macrocycles due to steric hindrance, significantly
increasing Young’s modulus (by about 93%). However, the
elongation and toughness decrease, with the maximum tensile
strain decreasing by about 24% and the toughness reduced by
31%. These works declared that the π−π stacking interaction
can be tuned via a matched dynamic chemistry, achieving the
control of the material’s properties.
In the mechanism of π−π conjugation, the interaction

between the chains can be enhanced with π−π conjugation.
Hence, the interaction of the chains can be tuned by
controlling the π−π conjugation. In this work, photo-
isomerization of the C�N bond was introduced into the
system to control and tune the π−π conjugation, achieving
mechanical performance optimization. The aromatic rings
were connected to the polymer chains via the C�N bond.
Since C�N bonds have two different stereoisomers (cis-
isomer and trans-isomer) before and after UV light irradiation,
the degree of tight packing of the π−π conjugation structures
can be changed. Therefore, this kind of polyurethane elastomer
exhibits UV light-controllable mechanical properties. As
another characteristic of the conjugated structure, the
fluorescence emission effect also exhibits the character of
being controllable by UV light. When this material is exposed
to UV light, due to the photoisomerization of imine bonds, the
distance and stacking structure of the conjugated aromatic
rings change, and thus, the fluorescence emission of the
conjugated structure also changes. By integrating conjugated
aromatic ring structures and photoisomerizable imine bonds
onto the polyurethane chains through cooperative integration
and regulating the conjugation through photoisomerization,
the performance of the linear polyurethane was enhanced, and
the fluorescence property was tuned. This provides a new idea
for the development of linear and uncross-linked polyurethane
materials with high properties and controllable luminescence.

■ EXPERIMENTAL SECTION
Materials. Benzaldehyde, 1-naphthaldehyde, 2-naphthaldehyde, 2-

amino-1,3-propanediol, Polytetramethylene ether glycol (PTMG, Mn
= 1000 g· mol-1), dicyclohexylmethane diisocyanate (HMDI), and
anhydrous N,N-dimethylformamide (DMF) were all purchased from
Macklin Biochemical. All of the starting reagents and solvents used in
the synthesis processes were employed directly without further
purification.

Characterizations. Fourier Transform Infrared Spectroscopy.
Fourier transform infrared (FTIR) spectroscopy measurements were
carried out on a Spectrum 100 Fourier transformation infrared

absorption spectrometer (Nicolet iS50) from 4000 to 650 cm−1 at a
resolution of 4 cm−1.
X-ray Diffraction. The crystal fraction of the polymer was detected

using a Bruker D8 Advance diffractometer operating in transmission
geometry.
Tensile Characterization. The tensile tests of the samples were

performed on an instrument (CMT1503, SUST, China) at room
temperature with a humidity of approximately 30% and the crosshead
speed of 100 mm/min. The width of the dumbbell specimens was 2
mm, and the length was 20 mm. The thickness of the samples was
approximately 0.5 mm. Tensile tests were performed on five
specimens.
Dynamic Mechanical Analysis. DMA analyses were performed

using a NETZSCH DMA242E system. Observations: Strain, 0.1%;
frequency, 10 Hz; ramp rate, 3 °C/min; test temperature range, −80
to 80 °C.

UV−vis Absorption Spectroscopy Measurements were performed
using a PE Lambda950 UV−vis−NIR spectrophotometer under
ambient conditions, with absorbance recorded across the 200−350
nm wavelength range.
Fluorescence Spectroscopy. Measurements were conducted using

an Edinburgh FLS980 steady-state and transient fluorescence
spectrometer, with fluorescence intensity recorded across the 380−
700 nm emission range under 365 nm excitation.
Rheological Characterization. The viscoelasticity of the samples

was measured under isothermal conditions at 20 °C using time sweep
mode for a duration of 30 min.

Molecule Synthesis. Benzaldehyde, 1-naphthaldehyde, and 2-
naphthaldehyde were separately reacted with 2-amino-1,3-propane-
diol in ethanol to prepare monomers (ID) containing conjugation
structures via imine bonds. The reaction proceeded under nitrogen
protection at 60 °C for 12 h under reflux, followed by product
purification through reduced-pressure distillation. The obtained
molecules were named ID-B (benzaldehyde derivative), ID-1N (1-
naphthaldehyde derivative), and ID-2N (2-naphthaldehyde deriva-
tive).

Polyurethane Preparation. Polyurethanes (PU) containing
imine bonds were synthesized via a one-step method. Polytetra-
methylene ether glycol (PTMG) served as the soft segment, while
dicyclohexylmethane diisocyanate (HMDI) and the synthesized
monomers with conjugation structure (ID). The specific formulations
were as follows: For the PU-B series, the molar ratios of PTMG to ID-
B were 1:1, 2:1, 3:1, and 4:1, respectively, with the amount of HMDI
equaling the sum of PTMG and ID-B molar ratios to maintain NCO/
OH = 1:1. The corresponding products were named PU-B, PU-B2,
PU-B3, and PU-B4. PTMG was reacted with ID-1N and ID-2N at a
1:1:2 molar ratio (PTMG/ID/HMDI), with products named PU-1N
and PU-2N, respectively. For the control group, propylene glycol
(PG) replaced the monomers with a conjugation structure (ID) and
was reacted with PTMG and HMDI in a 1:1:2 molar ratio to
synthesize the reference sample PU−PG, which contained neither
imine bonds nor aromatic side chains. All reactions were conducted
under nitrogen protection using anhydrous N,N-dimethylformamide
(DMF) as the solvent at 80 °C for 3 h. The reaction products were
subjected to reduced-pressure distillation to remove the solvent,
followed by vacuum drying at 80 °C for 24 h to obtain the final
polyurethane samples. Fourier transform infrared (FTIR) spectros-
copy was employed to detect the urethane bonds (approximately
1700 cm−1, C�O stretching vibration) and imine bonds (approx-
imately 1640 cm−1, C�N stretching vibration). Proton nuclear
magnetic resonance (1H NMR) was used to confirm the chemical
structures of both the monomers with the conjugation structure (ID)
and polyurethanes.

■ RESULTS AND DISCUSSION
To realize the strategy of enhancing and controlling the
properties of PU elastomers, we designed a series of PU
elastomers with different contents or different kinds of
aromatic ring structures on the PU chains. As shown in
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Scheme 1, taking the benzene ring as an example, the
conjugated structure was first included into the chain extender
molecules, and the photoisomerizable imine bonds were used
here to connect the benzene rings to the PU chains. Hence, the
arrangement and regularity of the aromatic rings can be
controlled by the photoisomerization of the imine bonds. To
highlight and prove the preconception and strategy, here, we
designed a series of PU with different contents of benzene
rings and another series of PU with naphthalene rings on the
chains and fixed contents.

Structure Characterization of Polyurethane Elasto-
mers. First, as important properties, the mechanical properties
of the PU elastomers were tested. The curves are shown in
Figure 1A,B, and the data are summarized in Table S3. Via

adjusting the ratio of soft to hard segments (conjugated
structure) in polyurethanes, the mechanical properties can be
effectively modulated.13−15 Figure 1A presents the stress−
strain curves of the PU-B series polyurethanes. The results
demonstrate a clear correlation between the conjugated
structure content and mechanical performance. As the molar
ratio of conjugated structures to polyurethane soft segments
(PTMG) increased systematically from 4:1 (PU-B4) to 1:1
(PU-B), we observed a corresponding progressive enhance-
ment in breaking strength. Specifically, the sample PU-B4
displayed the lowest breaking strength of 6 ± 1.0 MPa. When
the content of the monomer with a conjugated structure was
increased to produce PU-B3, the breaking strength was
improved significantly to 20 ± 1.8 MPa. When further

Scheme 1. Schematic Diagram of Light-Controlled π−π Conjugation for Regulating the Properties of Polyurethane
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increased, PU-B2 resulted in a breaking strength of 33 ± 0.6
MPa. Most remarkably, PU-B with the 1:1 ratio of conjugated
structures to polyurethane soft segments displayed the
breaking strength of 57 ± 0.3 MPa, representing a nearly 10-
fold enhancement over PU-B4. In contrast, the elongation at
break displayed an inverse correlation with the content of the
conjugated structure. The PU-B4 sample, which contained the
lowest number of conjugated structures, exhibited the highest
elongation at break value of 1847 ± 85%. In comparison, the
PU-B3 sample demonstrated reduced ductility with an
elongation at break of 1240 ± 57%. This decreasing trend
continued with the PU-B2 sample, which showed further
reduction to 1065 ± 156%. The PU-B sample, containing the
highest conjugated structure content, displayed the lowest
elongation at break value of 845 ± 41%. The fracture
toughness of the materials also demonstrated significant
enhancement (Figure S9), and the PU-B4 sample exhibited a
fracture toughness of 52 MJ/m3. The fracture toughness of the
PU-B3 sample increased to 59 MJ/m3. Further optimization
resulted in PU-B2 which demonstrated a substantially
enhanced fracture toughness of 112 MJ/m3. The PU-B sample
ultimately achieved the highest fracture toughness value of 128
MJ/m3 among all of the tested materials. This performance

change trend can be primarily attributed to the following
factors: First, with the increase in the content of monomers
containing conjugated structures with benzene rings (ID-B),
the conjugation effect was significantly enhanced between the
polymer chains, which led to a higher density of physical cross-
linking and an increased number of aromatic rings participating
in π−π stacking interaction per unit volume, ultimately
resulting in a substantial improvement in the material’s
rigidity.16,17 Second, the decreased soft segment content
(PTMG) markedly altered the material’s deformation proper-
ties, and the expanded conjugated system significantly
restricted segmental slippage while substantially increasing
energy dissipation during the chain orientation, consequently
suppressing macroscopic deformability.18

Different kinds of conjugated structures (aromatic rings)
were used to observe the effect of π−π conjugation on the
properties, and here, naphthalene rings were used (Figure 1B).
It was found that the samples with different aromatic rings
incorporated into their side chains (PU-B, PU-1N, and PU-
2N) exhibited significantly enhanced breaking strength
compared with the control sample PU−PG. Specifically, PU-
B achieved a breaking strength of approximately 57 MPa, while
PU-1N and PU-2N showed an even higher value of around 63

Figure 1. (A) Stress−strain curves of polyurethane with different molar ratios of PTMG and conjugated structures. (B) Stress−strain curves of
polyurethanes with different conjugated structures. (C) XRD curves of polyurethane with varying chain structures. (D) DMA curves of PU-B. (E)
DMA curves of PU-1N. (F) DMA curves of PU-2N. (G) AFM phase images of PU-B. (H) AFM phase images of PU-1N. (I) AFM phase images of
PU-2N.
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MPa. This strengthening effect primarily stems from three
factors: First, the rigid structure of the aromatic rings
effectively enhances intermolecular interactions between
polymer chains. Second, the conjugation effect between
imine bonds and aromatic rings further increases the overall
rigidity of the material. Additionally, the side-chain aromatic
rings may form additional physical cross-linking points via π−π
stacking interaction.16,19,20 Notably, in terms of elongation at
break, PU-B (with benzene rings) exhibited a significant
improvement (∼844%), while PU-1N and PU-2N (with
naphthalene rings) showed little difference from the control
sample. This phenomenon can be explained from a molecular
perspective: On one hand, the dynamic reversible nature of
imine bonds (formation and dissociation) facilitates energy
dissipation under external stress. On the other hand,
naphthalene rings possess a larger conjugated system and
stronger π−π stacking capability compared with benzene rings.
While this interaction enhances strength, it also leads to
excessive rigidity in the hard-segment domains, restricting
chain mobility and thus preventing significant improvement in
elongation at break.21 This observation was further supported
by dynamic mechanical analysis (DMA) (Figure 1D−F). With

the increasing conjugation structure of the aromatic rings
(benzene ring → 1-naphthalene ring → 2-naphthalene ring),
the glass-transition temperature (Tg) of the materials rose from
−39 °C to −23 °C, indicating the material’s enhanced rigidity.
This trend showed complete consistency with the observed
results in tensile tests, where an increased modulus coincided
with reduced ductility.
To give an insight into the inner structure, the polyurethanes

were characterized by X-ray diffraction (XRD) analysis. All
four kinds of polyurethane samples exhibited a pronounced
broad diffraction peak at 2θ ≈ 20°, while three of them (PU-B,
PU-1N, and PU-2N) additionally showed a weaker broad
diffraction peak at 2θ ≈ 44° (Figure 1C) except PU−PG. The
intense broad peak at 20° primarily originates from the
crystallization of the soft segment PTMG, indicating that all
samples predominantly exhibit a soft segment-dominated
amorphous structure.22 The existence of π−π conjugation
structure did not significantly influence the overall amorphous
characteristics of the soft segment PTMG. The weak broad
peak near 44° can be attributed to the π−π conjugation
structure between imine bonds and aromatic rings, which
promotes the locally ordered stacking of aromatic rings.23,24 In

Figure 2. (A) Regulation of cis−trans isomerism of imine bonds by UV light. (B) XRD curves of PU-B and PU-B−UV10. (C) XRD curves of PU-
1N and PU-1N−UV10. (D) XRD curves of PU-2N and PU-2N−UV10. (E) AFM phase images of PU-B−UV10. (F) AFM phase images of PU-
1N−UV10. (G) AFM phase images of PU-2N−UV10.
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contrast, the control sample PU−PG, which lacks both imine
bonds and aromatic ring structures, did not display the
corresponding diffraction peak in its XRD curve.
The inner structures of PU-B, PU-1N, and PU-2N samples

were also systematically characterized via the atomic force
microscopy (AFM) phase imaging mode (Figure 1G−I). Due
to the thermodynamic incompatibility between the soft and
hard segments in polyurethane elastomers, microphase
separation readily occurs. The soft segments, which typically
exhibit relatively lower modulus, appear as darker regions in
the phase images, while the hard segments with higher
modulus are displayed as brighter areas.25,26 A comparative
analysis reveals that all three polyurethane samples demon-
strate significant microphase separation characteristics, indicat-
ing poor compatibility between their soft and hard segments.
Among them, PU-2N exhibits the most distinct phase-
separated morphology, with hard segment domains showing
clearer and more distributed bright regions. This phenomenon
can be attributed to the higher linear symmetry of the 2-
naphthalene ring. The two benzene rings of 2-naphthalene
extend in a nearly straight-line configuration, which effectively
reduces steric hindrance and facilitates closer packing between

adjacent naphthalene rings. This distinctive structural charac-
teristic enables the 2-naphthalene planes to maintain parallel
orientation more readily, significantly enhancing π-electron
cloud overlap and resulting in a more stable stacking. The
planarity and linear symmetry of the 2-naphthalene ring
promote the formation of a face-to-face π−π stacking
interaction. Such a well-ordered alignment not only increases
the binding energy between hard segments but also drives
microphase separation, ultimately forming hard segment
microdomains with a uniform size distribution. These
structural features manifest as evenly distributed bright regions
in the atomic force microscopy (AFM) images.

Phototunable Mechanical Properties. Because the
conjugated structures are connected to the chains via the
imine bonds, the arrangement and regularity of the aromatic
rings relative to the main chains are influenced by the
conformation of the imine bonds. UV light irradiation alters
the cis−trans configuration of imine bonds and the conjugated
structures in polyurethanes (Figure 2A).27,28 Without UV light
irradiation, the imine bonds exist in trans-configuration,
maintaining coplanar alignment with the aromatic rings
(benzene/naphthalene rings) to form a highly delocalized

Figure 3. (A) Stress−strain curves of PU-B irradiated by UV light for different times. (B) Stress−strain curves of PU-1N irradiated by UV light for
different times. (C) Stress−strain curves of PU-2N irradiated by UV light for different times. (D) Storage modulus (G′) and loss modulus (G″)
curves of PU-B and PU-B−UV10. (E) Storage modulus (G′) and loss modulus (G″) curves of PU-1N and PU-1N−UV10. (F) Storage modulus
(G′) and loss modulus (G″) curves of PU-2N and PU-2N−UV10. (G) DMA curves of PU-B−UV10. (H) DMA curves of PU-1N−UV10. (I)
DMA curves of PU-2N−UV10.
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π−π conjugated system, while the aromatic rings exhibit a
typical parallel stacking arrangement. Upon UV light
irradiation, imine bonds undergo cis-isomerization, disrupting
molecular planarity and causing the loss of coplanarity between
the aromatic rings and C�N bonds.29 This leads to
conjugated system interruption and hindered electron
delocalization, accompanied by a transition from parallel to
oblique stacking of aromatic rings. This structure trans-
formation manifests as reduced diffraction peak intensity at
2θ ≈ 44° in the XRD patterns (Figure 2B−D). The
photoinduced structure rearrangement not only modifies the
electronic structure characteristics of the material but also
significantly impacts its mechanical properties. Figure 2E−G

present the phase images of PU-B, PU-1N, and PU-2N after 10
min of UV light irradiation, showing markedly reduced bright
regions (hard segments) compared to the pre-irradiation
states. At the 2 μm scale, the boundaries between hard and soft
segments become blurred, indicating that UV light-induced cis-
isomerization of imine bonds disrupts the ordered packing of
hard segments.
The changes in the mechanical properties directly

demonstrate the regulation of the conjugated structure by
UV light and its impact on performance. With prolonged UV
light irradiation (from 1 to 10 min), all three series of
polyurethane materials (PU-B, PU-1N, and PU-2N) exhibited
significant photoresponsive behavior (Figure 3A−C). Among

Figure 4. (A) UV−vis absorption spectra of PU-B before and after UV light irradiation for 10 min. (B) UV−vis absorption spectra of PU-1N
before and after UV light irradiation for 10 min. (C) UV−vis absorption spectra of PU-2N before and after UV light irradiation for 10 min. (D)
Fluorescence spectra of PU-B before and after UV light irradiation for 10 min. (E) Fluorescence spectra of PU-1N before and after UV light
irradiation for 10 min. (F) Fluorescence spectra of PU-2N before and after UV light irradiation for 10 min. (G) Photos of different polyurethanes
upon UV light irradiation. (H) Photographs of fluorescence patterns and information printed on polyurethane films.
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them, the PU-B material demonstrated the most outstanding
performance change. The elongation at break increased from
1020% (1 min), 1033% (2 min), 1076% (4 min), and 1089%
(6 min) to 1197% (10 min), maintaining excellent ductility.
Meanwhile, the breaking strength showed a continuous
increasing trend with a prolonged UV light irradiation time,
rising from the initial 58 MPa (1 min), 61 MPa (2 min), 73
MPa (4 min), and 85 MPa (6 min) to 99 MPa (10 min). The
same photoresponsive characteristics were also verified in the
other two systems. The breaking strength of PU-1N increased
from 60 to 97 MPa, while its elongation at break significantly
rose from 754 to 1430% upon 10 min UV light irradiation. For
the sample of PU-2N, breaking strength grew from 64 to 91
MPa, with its elongation at break increasing from 751 to 968%.
The change of the mechanical properties can be explained by
the change of π−π conjugation via the trans-to-cis isomer-
ization of C�N, as discussed previously.30,31

The conversion rate from trans-isomerization to cis-isomer-
ization showed a monotonically increasing trend with the UV
light irradiation time, accompanied by a synchronous enhance-
ment in both fracture strength and elongation at break for
flexibility. In the unirradiated state, the trans-configured imine
bonds formed highly planarized rigid conjugated structures
with adjacent aromatic rings. This configuration resulted in
tightly packed but mobility-restricted polymer chains, endow-
ing the materials with high rigidity but low toughness. The UV
light-induced cis-isomerization disrupted the original planarity
and introduced steric effects, leading to expanded interchain
spacing and significantly enhanced chain segment mobility.32,33

The conformation changes reduced intermolecular friction
resistance, macroscopically manifested as improved elongation
at break. Simultaneously, the cis-configured imine bonds
formed N−H···O hydrogen-bond networks with other oxygen
atoms in the soft segments while disrupting the ordered
arrangement of aromatic rings. It promoted more uniform
dispersion of hard segment microdomains within the soft
matrix, resulting in a more homogeneous stress distribution
and consequently enhanced fracture strength.34−36

The effect of UV light irradiation on the viscoelasticity of
polyurethane was investigated with rheometer testing (Figure
3D−F). The test results demonstrated that all samples
exhibited significant increases in both storage modulus (G′)
and loss modulus (G″) after UV light irradiation. The
enhancement in G′ indicates improved resistance to
deformation of the elastomer. The synchronous growth in
G″ reflects enhanced internal friction and energy dissipation
capacity through the inelastic deformation.37 The overall
enhancement in the storage modulus and loss modulus is
closely related to dynamic reorganization of the internal
microstructure and changes in intermolecular interactions.
Storage modulus refers to the ability of viscoelastic materials to
store energy under alternating stress, which can be determined
by the degree of entanglement between polymer chains. The
configuration transition of imine bonds from trans-config-
uration to cis-configuration leads to more complex chain
conformations, creating additional physical entanglement
points that effectively restrict segments’ motion, thereby
significantly improving the elastic response. Simultaneously,
the cis-configuration of imine bonds exposes more polar sites
(such as N atoms and aromatic ring electron clouds), forming
a denser hydrogen-bonding network with the C�O or N−H
groups in polyurethane. These hydrogen bonds act as physical
cross-linking points that further strengthen the storage

modulus of the material. Meanwhile, the loss modulus reflects
the material’s ability to dissipate energy under dynamic loading
conditions. The segment distortion caused by the cis-
configuration increases friction resistance between polymer
chains, enhancing viscous dissipation effects. During dynamic
strain, the reversible breakage and reformation behavior of
imine bonds and hydrogen bonds continuously dissipates
energy, manifesting as a significant increase in loss modulus
(G″). Dynamic mechanical analysis (DMA) results revealed
that all three polyurethane samples exhibited varying degrees
of reduction in glass-transition temperature (Tg) after UV light
irradiation (Figure 3G−I). Tg of PU-B decreased from −39 °C
to −40 °C, Tg of PU-1N decreased from −30 °C to −33 °C,
and Tg of PU-2N decreased from −23 °C to −32 °C upon 10
min UV light irradiation. These results further demonstrate
that the photoinduced cis-isomerization disrupts the planarity
of chains, leading to decreased material rigidity.

Phototunable Fluorescence Character. As another
characteristic of the conjugated structure, the fluorescence
emission effect can be controlled by UV light, which makes the
material able to be used in the area of information
storage.38−43 The UV−vis absorption spectroscopy and
fluorescence spectroscopy analyses were used here to prove
the UV light-controllable fluorescence emission.44 In Figure
4A, a notable decrease of characteristic absorbance in the
region of 200−300 nm was shown, which is attributable to the
trans-configuration to cis-configuration transition of imine
bonds. This transformation distorts the conjugated plane and
shortens the effective conjugation length, reducing π-electron
delocalization energy and ultimately weakening the light
absorption capacity.45 Similar phenomena have also been
observed on the curves of PU-1N and PU-2N (Figure 4B,C).
Upon UV light excitation, the fluorescence spectra of the

three kinds of polyurethane (PU-B, PU-1N, and PU-2N)
(Figure 4D−F) revealed characteristic emission peaks at 445 ±
5 nm for all samples.46,47 After 10 min of UV light irradiation,
the peak of fluorescence intensity decreased by approximately
40%.48 This fluorescence quenching effect originates from two
mechanisms: First, the photoinduced transformation from
trans-configuration to cis-configuration of imine bonds disrupts
the conjugated system, reducing the π-electron delocalization
range and consequently decreasing the radiative transition
probability. Second, the configuration distortion introduces
new nonradiative decay channels. These combined effects
ultimately lead to reduced fluorescence quantum yield.49−51

Figure 4G demonstrates that the polyurethane samples emit
blue fluorescence when exposed to 365 nm UV light. Notably,
after 10 min of UV light exposure, the polyurethane elastomers
exhibit a significantly decreased fluorescence intensity.48

Leveraging this unique characteristic, we can precisely control
both the duration and spatial distribution of UV light
irradiation with the aid of photomasks to “write” patterns
and information onto polyurethane films (Figure 4H),
enabling their application in data storage.52,53

■ CONCLUSIONS
The π−π conjugated interaction was utilized to enhance the
mechanical properties of the high-performance linear polyur-
ethane elastomers via the noncovalent cross-linking. By the
combination of the π−π conjugated interaction and photo-
controlled cis−trans isomerization of imine bonds, the
mechanical properties of the elastomers exhibit the UV light-
controllable character. Meanwhile, the fluorescence of the
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materials is determined by the conjugated structures, and the
fluorescence of the materials can be controlled by UV light via
the cis−trans isomerization of imine bonds. The high-
performance elastomers can also be used in the area of
information storage, with fluorescence patterns written on the
materials.
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