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Supplementary Text

Synthesis Procedures

Preparation of the x% BA-PBS

BA and PDMS-OH were mixed at room temperature, and MeOH (2 ml) was added dropwise. The molar 

ratios of B-OH to Si-OH were 9:10, 13:10 and 18:10. Following this, the mixtures were maintained at 

60 °C in a vacuum oven for 6 h to accomplish a complete B-O click reaction and remove methanol. 

Finally, the dried samples were labeled as x% BA-PBS (x% stood for the molar ratio of B-OH to Si-OH, 

and it varied from 90%, 130% and 180%, Table S1).

Preparation of the x% BA-PVA

Firstly, PVA (20 g) was dissolved in 400 ml deionized water at 90 °C and stirred for 3 h to get a PVA 

solution (50 mg/ml). PVA solution (10 ml, 50 mg/ml) was poured into three PTFE molds and dried at 80 

°C in a vacuum oven for 4 h to get pure PVA films. Secondly, BA (120 mg, 230 mg, 350 mg) was 

dissolved in a mixed solvent (2 ml MeOH and 3 ml deionized water) to get BA solutions (24 mg/ml, 46 

mg/ml, 70 mg/ml), respectively. Finally, pure PVA films were soaked in the BA solutions for 12 h and 

dried in the vacuum oven at 80 °C for 6 h to obtain dried BA-PVA films. Then, the films were labeled as 

x% BA-PVA (x% stood for the molar ratio of B-OH to C-OH, and it varied from 50 %, 100% and 150%, 

Table S2). 

Preparation of the TPB-3NH2-doped PVA and x% BA-PVA 

Firstly, TPB-3NH2 solution (2 mg/ml) was prepared by dissolving TPB-3NH2 (40 mg) in 20 ml DMF 

under continuous shaking. Then, TPB-3NH2-doped x% BA-PVA films were fabricated by blending BA 

solutions (24 mg/ml, 46 mg/ml, 70 mg/ml) and PVA (10 ml) with TPB-3NH2 solution (0.5 ml). 

Afterward, the mixtures were poured into PTFE molds and dried in the vacuum oven at 80 °C for 6 h. 

The films were labeled as TPB-3NH2-doped PVA and TPB-3NH2-doped x% BA-PVA (x% stood for the 

molar ratio of B-OH to C-OH, and it varied from 50 %, 100% and 150%, Table S3).

Preparation of the RTPP-x and controlled samples

Regarding the total molar amount of hydroxyl groups in PVA and PDMS-OH as one, we prepared RTPP-

x with the B-OH of 0.75, 1, 1.25 and 1.5 equivalent (x stood for the molar ratio of B-OH to (C-OH+Si-
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OH), Table S4). Taking RTPP-3 as an example, a mixture containing PVA solution (6 ml, 50 mg/ml), 

TPB-3NH2 solution (1 ml, 2.5 mg/ml), PDMS-OH (20 g, half high viscosity and half low viscosity), 

MeOH (2 ml) and BA (310 mg) was added to the beaker firstly. Subsequently, the mixture was stirred in 

an ambient environment for 4 h to get RTPP-3 prepolymer. Finally, the RTPP-3 prepolymer was dried 

under vacuum at 60 ℃ for 6 h to accomplish a complete B-O click reaction and remove the solvent.

The preparation process of DPCZ RTPP is consistent with RTPP-X, and the doping concentration of 

DPCZ is consistent with that of TPB-3NH2 in RTPP-3. 

The preparation of the silicon rubber/phosphor-doped PVA composite, a controlled sample, is similar to 

RTPP-X, except for replacing PDMS-OH with silicone rubber (Sylguard-184A: Sylguard-184B = 10:1). 

Preparation of the multi-color afterglow putties

Firstly, fluorescent dyes RhB (20 mg) and Rh6G (20 mg) were dissolved in DMF (20 ml) to get an 

acceptor solution. Next, RhB (0.25 ml, 1 mg/ml) and Rh6G (0.25 ml, 1 mg/ml) were doped into donors 

RTPP-3 and DPCz RTPP prepolymer to get hybrid putties, respectively. Finally, the hybrid putties were 

dried under vacuum at 60 ℃ for 6 h to accomplish a complete B-O click reaction and remove the solvent, 

and labeled as RhB@TPB-3NH2 Putty, Rh6G@TPB-3NH2 Putty, RhB@DPCz Putty and Rh6G@DPCz 

Putty.

Measurements and Methods

Gel Permeation Chromatography (GPC). The molecular weight and polydispersity index (PDI) of 

PDMS-OH with different viscosity were measured on the Tosoh HIC-8320GPC at room temperature. 

Tetrahydrofuran (THF) as the eluent with a flow rate of 0.5 mL/min, where monodispersed polystyrene 

(PS) standard served to generate the calibration curves.

Rheology. Oscillatory frequency sweep tests were conducted on the MCR302 rheometer at a constant 

strain of 0.5 % by varying frequency 0.01–100 rad/s at 25 °C. The sample was a disk with a diameter of 

8 mm and a thickness of 0.3 - 0.5 mm, and the tests were performed in the torsion mode. 

Fourier transform infrared spectroscopy (FTIR). FTIR spectra were recorded using Nicolet iS10 
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(Nicolet, America) in the range of 4000-400 (650) cm-1 at room temperature.

X-ray Diffraction (XRD). The XRD of samples is carried out on a raku X-ray diffractometer (Ultima 

IV) equipped with a parallel beam optical device. The thickness of x % BA-PVA and x% BA-PBS were 

about 1 mm and 3 mm, respectively.

Steady-state and delayed PL spectra. The steady-state fluorescence and phosphorescence spectra of 

samples were collected on the HORIBA FluoroMax-4 spectrofluorometer. The thickness of samples was 

in the range of 1-3 mm. 

Fluorescence lifetime. The fluorescence lifetime of TPB-3NH2-doped x% BA-PVA, RTPP-X and DPCz 

RTPP were measured on a Fluorolog-3 spectrofluorometer (Horiba JobinYvon) with DeltaDiode (317 

nm, DD-320) as the excitation source and a picosecond photon detection module (PPD-850) as the 

detector. The fluorescence lifetime of RhB@TPB-3NH2 Putty, Rh6G@TPB-3NH2 Putty, RhB@DPCz 

Putty and Rh6G@DPCz Putty were measured on a Fluorolog-3 spectrofluorometer (Horiba JobinYvon) 

with DeltaDiode (505 nm, DD-510) as the excitation source and a picosecond photon detection module 

(PPD-850) as the detector. 

Phosphorescence lifetime. The phosphorescence lifetime of TPB-3NH2-doped x% BA-PVA, RTPP-X 

and DPCz RTPP were measured on a Fluorolog-3 spectrofluorometer (Horiba JobinYvon) with 

SpectraLEDs (355 nm, S-355) as the excitation source and a picosecond photon detection module (PPD-

850) as the detector. The phosphorescence lifetime of RhB@TPB-3NH2 Putty, Rh6G@TPB-3NH2 Putty, 

RhB@DPCz Putty and Rh6G@DPCz Putty were measured on a Fluorolog-3 spectrofluorometer (Horiba 

JobinYvon) with SpectraLEDs (535 nm, S-535) as the excitation source and a picosecond photon 

detection module (PPD-850) as the detector. 

Quantum yields. Photoluminescence quantum yields (PLQY, ϕPL) were determined on a Fluorolog-3 

spectrofluorometer (Horiba JobinYvon) with an integrating sphere (IS80, Labsphere) and a 450 W Xenon 
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Lamp as the excitation source and a CCD (SYNAPSE) as the detector.

Anti-impact test. The falling balls with different weights (11g, 15 g, 32 g, 64 g, and128 g) were dropped 

on ultra-thin glass (0.17 mm) covered with protective RTPP with different thicknesses (1.3 mm, 3.3 mm, 

3.7 mm and 4.8 mm) from a height of 0.7 m (Figure S14A), respectively.

Density functional theory (DFT) Calculation. DFT calculations were performed with the ORCA 5.0.3 

software package.1 The geometry optimizations were performed using the B3LYP-D3(BJ) functional2, 3 

with the def2-SVP basis4 was using for all atoms. TDDFT calculations were performed using the CAM-

B3LYP functional5 with the def2-SVP basis set4 for all atoms. All calculations utilize the def2/J auxiliary 

basis.6

Molecular Dynamics (MD) Simulation. The partial charge of PVA, boric acid, crosslinked molecule 

and TPB molecule was calculated using Gaussian 16 code7 and the 6-311g(d,p) basis functions were 

applied.8 The generation amber force field (GAFF)9 was used to parametrize all atoms of PVA, Boric 

acid Crosslinked molecule and TPB molecule, such as the bond parameters, angle parameters, dihedral 

angles, and so on. The effect of boric acid on the dihedral Angle distribution of TPB was studied by 

molecular dynamics (MD) simulation. In system 1 (TPB-3NH2/ PVA with unreacted BA), 1 TPB 

molecule, 50 PVA molecules and 167 boric acids were randomly inserted into a cube box with a side 

length of 6.00 nm. In system 2 (TPB-3NH2/BA-PVA), 1 TPB molecule，16 boric acid，2 PVA 

molecules and 39 crosslinked molecules were randomly inserted into a cube box with a side length of 

6.00 nm. A 20 ns dynamic equilibrium simulation was carried out for the above two systems under the 

NPT ensemble, respectively (Figure S9). On this basis, a 20 ns dynamic equilibrium simulation was 

carried out under the NPT ensemble for data analysis. The MD simulations were performed in the 

GROMACS 2021 software package.10-12 The steepest descent method was applied to minimize the initial 

energy for each system with a force tolerance of 1 kJ/(mol-1 nm-1) and a maximum step size of 0.002 ps 

before MD calculations.13 In all three directions, periodic boundary conditions were imposed. The 

Leapfrog algorithm was used to integrate the Newtonian equation of motion.13 In NPT simulations, the 
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pressure was maintained at 1 bar by the Berendsen barostat in an isotropic manner, and the temperature 

was maintained by the V-rescale thermostat at 298.15 K.14 The Particle-Mesh-Ewald (PME) with a 

fourth-order interpolation was used to evaluate the electrostatic interactions and a cutoff of 1.0 nm was 

employed to calculate the short-range van der Waals interactions.15 

Afterglow images and videos. The samples were excited at 365 nm UV light from a 1400 mW LED lamp 

(UVGO, Zhongshan Zigu Lighting Electric Appliance Factory, Shanghai, China) at ambient conditions. 

The photo-activated time was about 2 s. After the UV lamp was turned off, the camera (iPhone 12pro) 

started to record the videos or images immediately.

Additional Discussions

Molecular chain motion in three mechanical states of polymers. From the polymer's physical point of 

view, there are three physical states of the polymer, namely, the viscous flow state, the rubber state and 

the glassy state. Generally, the mechanical state of polymers at room temperature (R.T.) is distinguished 

according to the glass transition temperature and the viscous flow temperature, namely Tg and Tf.16 For 

the glassy state (Tg lower than R.T.), which is the state of most plastics at room temperature. As Figure 

S1A1 shows, molecular chains under a glassy state are densely surrounded by their neighbors and their 

trajectories are severely limited by the crowding, showing a 'random coil' structure.17 The movement of 

chain segments is apparently constrained in a virtual cage formed by its neighbors, which can be 

considered as compressed blobs (Figure S1A2).18 Thus, chain motions under the glassy state are 

characterized by localized secondary relaxation (β- and γ- relaxation, relaxation of side chains or motion 

of more rigid units, e.g., rotation and flipping of side groups) (Figure S1B2)19, 20. At the same time, large-

scale structural rearrangement due to α-modes is strongly inhibited (α-modes are considered as local 

density fluctuations at the molecular scale).21 For the rubbery state, which is the state of most hydrogels 

and elastomers with covalent or non-covalent cross-linking and topological entanglement, and the 

essence of its molecular motion is the transition between the freezing of the chain segment and the free 

activity of the chain segment.22 As Figure S1B1 shows, cooperative segmental motion allows complete 

relaxation of the confined backbone conformation (from A to A’), as well as the secondary relaxation. 

For the viscous flow state, the essence of its molecular motion is the whole molecular chain changes 



Page S7 of S24

between freezing and freedom; that is, the whole chain can flow freely (Figure S1C1, from A to A’). Such 

free chain motion, also known as chain slippage, that accompanied by the center-of-mass diffusion 

(Figure S1C2, from M to M’).23 Moreover, it is well known that the more rigid chain structure is more 

conducive to a longer RTP lifetime.24 Therefore, as Scheme. 1 shown (Manuscript, Scheme. 1), RTP 

plastics (PVA, PS, PMMA.et al.) under glassy state have a longer lifetime than hydrogels and elastomers 

under rubbery state generally (Table S5). Notably, putties under viscous flow state with free chain motion 

are indeed unfavorable to stable phosphor triplet, marking that the long RTP lifetimes (up to 2.39 s) of 

DPCz RTPP achieved in this work are really challenging and meaningful.

PBS/phosphor-doped PVA composites by solvent mixing or twin rollers technique. As mentioned in 

the manuscript (Manuscript, Introduction Section), it is a big challenge to realize RTP emission in 

polymer with fully flowing chains due to the inherent contradiction between high chain movement ability 

and high-efficiency phosphorescence emission. To fill this gap, heterogeneously doping PVA in PBS 

with free chain motion is a promising strategy to arrest the dynamics and the vibrational dissipation of 

the phosphors, further endowing PBS with RTP emission. However, it is well known that PDMS with a 

non-polar siloxane backbone is difficult to compatible with carbon chain polymer, especially PVA as a 

typical polar polymer. The huge polarity difference between PVA and PDMS leads to the phase 

separation as shown in Figure S3A., an obvious phase-separation line. Firstly, we would like to make 

forced PVA compatible with PDMS in a thermodynamic way. After preparing PBS and phosphor-doped 

PVA, respectively, we tried to fabricate PBS/phosphor-doped PVA composites by twin rollers technique 

under different temperatures (30 °C, 60 °C, 90 °C, 120 °C). The results showed that the compatibility 

between PVA and PDMS was still poor, even in the presence of a shear force field and thermal field 

(Figure S3B). Secondly, we tried to prepare PBS/phosphor-doped PVA composites by dissolving PBS 

in solvent (THF) and adding PVA and phosphor solution. Unfortunately, after removing the solvent, 

there was still an apparent phase separation (Figure S3C). Finally, we tried to use silicone rubber as the 

matrix; that is, Sylguard-184A, Sylguard-184, PVA and phosphor solution were mixed and then cured at 

60 °C to obtain Silicon rubber/phosphor-doped PVA composite. There was no large block of PVA 

aggregate separated from the silicon rubber matrix in the composite, but it showed an opaque appearance 
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of milky white (Figure S3D), which indicated the phase separation of PVA and silicone rubber at the 

micro level.
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Supporting Figures

Figure S1. Molecular chain motion in three mechanical states of polymers. 
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Figure S2. The effect of BA content on the viscoelastic properties of PBS: Dynamic storage (G′) and loss (G″) moduli 
of 90 % BA-PBS, 130 % BA-PBS and 180 % BA-PBS.
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Figure S3. PBS/phosphor-doped PVA composites by solvent mixing or twin rollers technique. (A) Immiscibility 
between polar PVA and non-polar siloxane backbone; (B) PBS/phosphor-doped PVA composites by twin rollers 
technique under different temperatures (30 °C, 60 °C, 90 °C, 120 °C). There is a clear phase separation, where the RTP 
emission regions are the PVA phase domains; (C) PBS/phosphor-doped PVA composites by solvent mixing method. 
There is a clear phase separation, where the RTP emission regions are the PVA phase domains; (D) Silicon 
rubber/phosphor-doped PVA composites by solvent mixing.

 

Figure S4. Effect of BA on the photophysical properties of TPB-3NH2-doped x% BA-PVA. (A)-(D) Fluorescence and 
phosphorescence spectra and (E) Lifetime decay curves of TPB-3NH2-doped X% BA-PVA (X = 0, 50, 100, 150); (F) 
A comparison of the phosphorescence emission spectra before and after the addition of BA shows that there is a 
significant redshift after the addition of BA, which is attributed to an increased restriction of the TPB-3NH2 molecule 
by the BA-crosslinking PVA chains. The photoluminescence quantum yields (PLQY, ϕPL) of TPB-3NH2-doped x% 
BA-PVA are summarized in Table S6.
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Figure S5. The SEM properties of RTPP-1 and RTPP-3. (A) SEM image and EDS images of RTPP-1 fracture section; 
(B) SEM image and EDS images of RTPP-3 fracture section.

Figure S6. The transparent appearance and uniform emission of RTPP at the macro level. (A) Transparent appearance 
and (B) uniformly emission of RTPP-1 and RTPP-3. 



Page S12 of S24

Figure S7. Mechanical characteristics and photophysical properties of RTPP-2 as a function of temperature. (A) 
Variable-temperature rheological test of RTPP, where the “solid-liquid” transition point of RTPP shifts to higher 
frequencies with increasing temperature. Such results suggest that RTPP exhibits a more liquid-like state with elevated 
temperatures; (B) Afterglow times of RTPP and DPCz RTPP at different temperatures. RTPP still retains RTP properties 
with enhanced fluidity property at high temperatures.
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Figure S8. The effect of BA content on the viscoelastic properties of RTPP. Dynamic storage (G′) and loss (G″) moduli 
of RTPP-1 and RTPP-3. The crossover (G’=G’’, ω0) could give the terminal relaxation time (τd = 1/ω0) of the RTPP, 
which is related to the rate of dynamic association and disassociation of boron ester bonds. Compared to RTPP-1, the 
G′ value of RTPP-3 increased, and the ω0 shifted to a lower frequency, proving that increased BA content can endow 
the dynamic network of RTPP with a higher limitation degree and lower chain exchange reaction degree.
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Figure S9. Optimized ground-state (S0) geometries of (A) TPB-3NH2 single-molecule, (B) TPB-3NH2/PVA and (C) 
TPB-3NH2/BA-PVA systems.

 

Figure S10. The energy level diagrams involved Sn and Tn states of (A) TPB-3NH2 single-molecule, (B) TPB-
3NH2/PVA and (C) TPB-3NH2/BA-PVA systems.
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Figure S11. Optimized molecular conformation for molecular dynamics simulation: (A) TPB-3NH2, (B) Boric acid and 
(C) PVA.

 

Figure S12. Molecular dynamics simulation snapshot of system 1 at (A) initial state and (B) final state, system 2 at (C) 
initial state and (D) final state, respectively. The dihedral angle (d) between the adjacent phenyl ring core of (E) system 
1 and (F) system 2, the scatter points are original data, and the solid lines are Gaussian fit curves. 
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Figure S13. Illustration for the role of BA as “one stone three birds”. (A) Bird one: BA can dynamically cross-link 
PDMS-OH chains to form PBS and regulate the rigidity of the PBS matrix; (B) Bird two: The underlying reason for 
ultralong-lived ambient RTP emission, that is B-O heteroatom can facilitate the intersystem crossing (ISC) via the 
formation of n-p* conjugate system induced by boron atom bearing a vacancy p orbital; (C) Bird three: The origin of 
the uniform phosphorescence can be attributed to the abundant B-O linkage in the interface phase, which alleviates the 
immiscibility between hydrophilic PVA and hydrophobic PBS.

Figure S14. Design and mechanism of color-tunable fluorescence using the triplet-to-singlet Förster-resonance energy 
transfer (TS-FRET) strategy. (A) Fluorescence emission spectra of TPB-3NH2 and DPCZ and absorption spectra of 
RhB and Rh6G, in which Rh6G and RhB with good spectral overlap with the TPB-3NH2 and DPCz triplet emission 
were selected as the acceptors (B) Mechanism of the TS-FRET process, the triple state (T) energy of TPB-3NH2 and 
DPCz could be transferred to the singlet state (S) of RhB and Rh6G through the T-S energy transfer process, then the 
singlet state excitons of RhB and Rh6G returned to the S0 in the form of fluorescence emission, realizing a red-shift 
afterglow emission. 
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Figure S15. Anti-impact performance of RTPP. (A) Illustration of an impact protection test, RTPP protected the glass 
from breaking; (B) Anti-impact property of RTPP with various thicknesses against iron balls of different weights, 
showing that RTPP effectively protected the glass from breaking. Notably, the RTPP, with a thickness of 1.3 mm, can 
fully absorb the impact force caused by the 11 g iron ball.
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Supporting Tables

Table S1. The raw materials feeding ratios of x% BA-PBS.

90% BA-PBS 130% BA-PBS 180% BA-PBS

B-OH : Si-OH 9 : 10 13 : 10 18 : 10
High viscosity PDMS-OH / g* 10 10 10
Low viscosity PDMS-OH** 10 10 10

BA / g 0.10 0.14 0.20

* The molecular weight and polydispersity index (PDI) of high viscosity PDMS-OH are 73648 g/mol and 1.36 g/mol, 
respectively. 
**The molecular weight and polydispersity index (PDI) of low viscosity PDMS-OH are 3894 and 1.27, respectively.

Table S2. The raw materials feeding ratios of x% BA-PVA.
50% BA-

PVA
100% BA-

PVA
150% BA-

PVA

B-OH : C-OH 5 : 10 100 : 100 150 : 100
PVA 0.5 0.5 0.5

BA / g 0.12 0.23 0.35

Table S3. The raw materials feeding ratios of TPB-3NH2-doped x% BA-PVA.

TPB-3NH2-doped
PV
A

50% BA-
PVA

100% BA-
PVA

150% BA-
PVA

TPB-3NH2 / mg 1 1 1 1
PVA / g 0.5 0.5 0.5 0.5
BA / g 0 0.12 0.23 0.35

Table S4. The raw materials feeding ratios of RTPP-X.
RTPP-

1
RTPP-

2
RTPP-

3
RTPP-

4

B-OH : (Si-OH+C-OH) 0.75 1 1.25 1.5
TPB-3NH2 / mg 2.5 2.5 2.5 2.5

PVA / g 0.3 0.3 0.3 0.3
High viscosity PDMS-OH / g* 10 10 10 10
Low viscosity PDMS-OH** 10 10 10 10

BA / g 0.19 0.25 0.31 0.38
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Table S5. The RTP lifetimes reported by previous works.

*Selecting the sample with the longest lifetime in the same work.

Glassy State Rubbery State
TimeRef. Author Lifetime (s) * TimeRef. Author Lifetime (s) *

(2021)25 Zhao's work 0.83 (2022)26 Chi's work 0.78
(2021)27 Zhao's work 2.04 (2023)28 Li's work 0.54
(2014)29 Kim's work 4.70E-03 (2021)30 George's work 1.62E-04
(2023)31 Lu's work 1.45 (2020)32 He's work 1.90E-04
(2018)33 Ogoshi's work 1.22 (2022)34 Yang's work 0.83
(2018)35 Adachi's work 1.09 (2023)36 Yang's work 1.22
(2021)37 Xie's work 2.16 (2023)38 Huang's work 0.79
(2020)39 Liu's work 2.81 (2023)40 Wu' work 0.34
(2022)41 Li's work 2.43 (2021)42 Huang's work 0.48
(2023)43 Peng's work 1.42 (2014)44 Tian's work 0.56
(2023)45 Huang's work 0.87 (2016)46 Tian's work 3.20E-04
(2022)47 Li's work 2.43 (2021)48 Liu's work 1.24E-03
(2018)49 Zhao's work 0.75 (2020)50 Ma's work 8.30E-05
(2020)51 Lu's work 0.77 (2015)52 Kimizuka's work 2.28E-04
(2019)53 Huang's work 2.1 (2020)54 Yang's work 2.05E-03
(2020)55 Yuan's work 1.04 (2019)56 Liu's work 2.79E-03
(2022)57 Liang's work 0.75 (2024)58 Huang's work 0.98
(2023)59 Yang's work 0.24 (2024)60 Wen'work 0.63
(2020)61 Zhao's work 1.2 (2024)62 Gu's work 0.72
(2018)63 Qu's work 2.00E-07 (2024)64 He's work 1.99E-03
(2016)65 Tian's work 5.76E-03
(2013)66 Kim's work 2.15E-03

(2015)67 Kim's work 2.60E-03 Viscous Flow State

(2024)68 Yang's work 0.95
(2024)69 Yang's work 5.82
(2024)70 Ma's work 4.18
(2024)71 Zhong's work 1.5
(2024)72 Ma's work 1.92
(2023)73 Yang's work 1.8
(2023)74 Zhang's work 2.4

This work 2.39
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Table S6. The ϕPL of TPB-3NH2-doped x% BA-PVA and RTPP-X

Samples ϕPL Samples ϕPL

PVA
11.39%

RTPP-
1

8.12%

50% BA-PVA
5.55%

RTPP-
2

14.29%

100% BA-
PVA

10.51%
RTPP-

3
5.34%

TPB-3NH2-doped

150% BA-
PVA

10.55%

RTPP-
X

RTPP-
4

8.98%

Table S7. The ϕPL of multi-color afterglow putties

Samples ϕPL

DPCz RTPP 8.49%
RhB@TPB-3NH2 Putty 28.85%

RhB@DPCz Putty 43.79%
Rh6G@TPB-3NH2 Putty 16.95%

Rh6G@DPCz Putty 18.91%
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Legends for Movies S1 to S8

Movie S1. RTP Afterglow Emission of RTPP-3

Movie S2. RTP Afterglow Emission of DPCz RTPP

Movie S3. Self-healing Behavior of RTPP

Movie S4. The Tailorability of RTPP

Movie S5. The Repeated Molding Demonstration of RTPP

Movie S6. The Solid-liquid Behavior of RTPP

Movie S7. The Elastic Demonstration of RTPP

Movie S8. The Anti-impact Performance of RTPP
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