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1 Experimental Section

Materials: Acrylamide (AM, 99%) was purchased from Tianjin Kemio Chemical Reagent Co.,
Ltd (Tianjin, China). 4-Vinylbenzyl chloride (98%) was supplied by J&K scientific Co., Ltd
(Beijing, China). Fluorescein (FL, 90%) was obtained from Sinopharm Chemical Reagent Co.,
Ltd (Shanghai, China). Carbazole (97%), sodium alginate (SA), calcein (CAL, mixture of
isomers), rhodamine 6G (R6G, 95%), sulforhodamine B (SRB, 85%) and N-vinylpyrrolidone
(VP, 99%) were purchased from Shanghai Aladdin Biochemical Technology Co., Ltd (Shanghai,
China). PVA-117 was provided by Kuraray Co., Ltd (Tokyo, Japan). Methacrylic acid (MMA,
99%) and vinyl acetate (VAc, 98%) were supplied from Shanghai Macklin Biochemical
Technology Co., Ltd. (Shanghai, China). All other chemicals were commercially available and
used as received.

Synthesis of 9-(4-vinylbenzyl)-9H-carbazole (VBC): Potassium hydroxide powder (0.45 g) was
added to a stirred solution of carbazole (0.5 g) in DMSO (8 mL) at room temperature. A DMSO
solution (2 mL) of 4-vinylbenzyl chloride (0.5672 g) was then added dropwise, and the mixture
was stirred at room temperature for 24 h. The reaction mixture was precipitated in water, followed
by filtration. The filter cake was rinsed three times with 100 mL of water and dried in an oven at
60 °C for 8 h. Finally, the crude product was purified by silica gel column chromatography using
chloroform/petroleum ether (4:1, v/v) as the eluent to afford a white solid product VBC (Yield:
82.63%). 'H NMR (400 MHz, CDCl;, d): 8.13 (d, /= 6.2 Hz, 2H, ArH), 7.42 (t,J = 6.2 Hz, 2H,
ArH), 7.35 (d, J= 6.4 Hz, 2H, ArH), 7.29-7.23 (m, 4H, ArH), 7.09 (d, J= 6.4 Hz, 2H, ArH), 6.64



(dd, J=8.8, 14.0 Hz, 1H, -CH=), 5.67 (d, J = 14.0 Hz, 1H, -CH,), 5.50 (s, 2H, -CH>-), 5.20 (d, J
= 8.8 Hz, 1H, -CH,); 13C NMR (100 MHz, CDCls, §): 140.65, 136.90, 136.73, 136.30, 126.64,
126.62, 125.88, 123.06, 120.43, 119.26, 113.96, 108.90, 46.38; HRMS (ESI) m/z: [M + H]" calcd
for C,1H N, 284.1439; found, 284.1438.

Synthesis of P(AM-co-VBC): AM (2.0 g), VBC (19.3 mg) and AIBN (9.2 mg) were combined
in DMF (8 mL). The mixture was stirred at 80 °C for 12 h under a nitrogen atmosphere. The
resulting mixture was then cooled to room temperature and precipitated in methanol for three
times. After filtration and drying in a vacuum oven at room temperature for 24 h, a white powder
product P(AM-co-VBC) with AM/VBC feed molar ratio of 400:1 was obtained. According to the
same procedure, P(AM-co-VBC) with other feed molar ratios of AM/VBC were synthesized. To
ensure reproducibility, each batch of copolymer with a specific composition was synthesized
under identical experimental conditions and repeated at least three times.

Preparation of W-P(AM-co-VBC): 50.0 mg of P(AM-co-VBC) with different AM/VBC feed
molar ratios were dissolved in 2 mL of water and stirred for 10 min at room temperature. After
that, the solutions were dried in an oven at 120 °C for 5 h, and W-P(AM-co-VBC) solids with
varying AM/VBC ratios were obtained.

Synthesis of P(MMA-co-VBC): MMA (1.36 g), VBC (9.7 mg) and AIBN (4.6 mg) were
combined in 1,4-dioxane (4 mL). The mixture was stirred at 80 °C for 12 h under a nitrogen
atmosphere. After cooling to room temperature, the resulting mixture was precipitated in
methanol. The resulting precipitate was filtered and dried in a vacuum oven at room temperature
for 24 h, yielding a white powder product P(MMA-co-VBC) with MMA/VBC feed molar ratio
of 400:1 (M, = 28850, PDI = 1.48).

Synthesis of P(VP-co-VBC): VP (1.51 g), VBC (9.7 mg) and AIBN (4.6 mg) were combined in
ethanol (4 mL). The mixture was stirred at 75 °C for 12 h under a nitrogen atmosphere. After
cooling to room temperature, the resulting mixture was precipitated in petroleum ether. The
resulting precipitate was filtered and dried in a vacuum oven at room temperature for 24 h,
yielding a white powder product P(VP-co-VBC) with VP/VBC feed molar ratio of 400:1 (M, =
19000, PDI = 1.89).



Preparation of W-P(VP-co-VBC): 50.0 mg of P(VP-co-VBC) was dissolved in 2 mL of water
and stirred for 10 min at room temperature. The resulting solution was then dried in an oven at
120 °C for 5 h to afford the solid product W-P(VP-co-VBC).

Synthesis of P(VA-co-VBC): VAc (2.5 g), VBC (19.4 mg) and AIBN (25.2 mg) were dissolved
in methanol (2.5 mL). The mixture was stirred at 65 °C for 48 h under a nitrogen atmosphere.
After cooling to room temperature, the resulting mixture was precipitated in water. The precipitate
was collected by filtration and dried in an oven at 80 °C for 24 h, yielding a white powder product
P(VAc-co-VBC). Subsequently, P(VAc-co-VBC) (0.8 g) was dissolved in methanol (9 mL) and
stirred at 45°C for 1 h. Then, 5% NaOH solution in methanol (0.2 mL) was added, and the reaction
was continued at 45°C for 2 h. An additional 0.2 mL of 5% NaOH solution in methanol was
added, and the temperature was raised from 45°C to 65°C and maintained for 2 h. After cooling
to room temperature, the pH of the resulting solution was adjusted to < 7 with dilute hydrochloric
acid. The mixture was subjected to vacuum filtration, and the collected solid was dried in a
vacuum oven at room temperature for 30 h to afford a pale yellow powder of P(VA-co-VBC) with
VA/VBC molar ratio of 400:1. (M,, = 26590, PDI = 1.78)

Preparation of W-P(VA-co-VBC): 50.0 mg of P(VA-co-VBC) was dissolved in 2 mL of water
and stirred for 10 min at room temperature. After that, the solution was dried in an oven at 120 °C
for 5 h to afford the solid product W-P(VA-co-VBC).

Preparation of W-P(AM-co-VBC)/CAL composites: A 1 mL aqueous solution of CAL (0.033
mg) was added dropwise to a stirred 2 mL aqueous solution of P(AM-co-VBC) (50 mg) at room
temperature. After stirring for 5 min, the mixture was dried at 120 °C for 5 h to give W-P(AM-co-
VBC)/CAL solid with P(AM-co-VBC)/CAL weight ratio of 1000:0.66. W-P(AM-co-VBC)/CAL
with other weight ratios of P(AM-co-VBC)/CAL were prepared in the same way.

Preparation of W-P(AM-co-VBC)/SRB and W-P(AM-co-VBC)/R6G composites: W-P(AM-co-
VBC)/SRB and W-P(AM-co-VBC)/R6G with varying weight ratios of P(AM-co-VBC) to the
doped fluorescent dyes were prepared following the procedure similar to that used for W-P(AM-
co-VBC)/CAL.

Preparation of W-P(AM-co-VBC)/FL composites: A 1 mL ethanol solution of FL (0.0175 mg)
was added dropwise to a stirred 2 mL aqueous solution of P(AM-co-VBC) (50 mg) at room

temperature. After stirring for 5 min, the solution was oven-dried at 120 °C for 5 h to afford W-



P(AM-co-VBC)/FL solid with P(AM-co-VBC)/FL weight ratio of 1000:0.35. W-P(AM-co-
VBC)/FL with other weight ratios of P(AM-co-VBC)/FL were prepared in the same way.

Construction of flexible multicolor RTP films: SA (0.5 g) and PVA (10.0 mg) were dissolved
in deionized water (20 mL) at 90 °C, followed by dropwise addition of a 2 mL aqueous solution
of P(AM-co-VBC) (50 mg). The mixture was stirred at 90 °C for 10 min, and then defoamed by
standing at room temperature. The resulting solution was coated on a glass plate using a coating
machine. After drying in an oven at 80 °C for 12 h, SA/PVA/W-P(AM-co-VBC) film with
SA/PVA/P(AM-co-VBC) weight ratio of 500:10:50 was obtained. Other films of SA/ PVA/W-
P(AM-co-VBC)/CAL with SA/PVA/P(AM-co-VBC)/CAL weight ratio of 500:10:50:0.4,
SA/PVA/W-P(AM-co-VBC)/FL  with  SA/PVA/P(AM-co-VBC)/FL  weight ratio of
500:10:50:0.1, SA/PVA/W-P(AM-co-VBC)/R6G with SA/PVA/P(AM-co-VBC)/R6G weight
ratio of 500:10:50:0.28, and SA/PVA/W-P(AM-co-VBC)/SRB with SA/PVA/P(AM-co-
VBC)/SRB weight ratio of 500:10:50:0.2 were constructed by the similar procedure as the
preparation of SA/PVA/W-P(AM-co-VBC).

Characterization: '"H NMR (500 MHz) and 3C NMR (100 MHz) spectra were recorded on a
Bruker AVANCE NEO 500 MHz spectrometer using CDCl; as the solvent. The HRMS spectral
analysis was performed on an LTQ-Orbitrap mass spectrometer. The number-average molecular
weight (M,,) and polydispersity index (PDI) of P(AM-co-VBC), P(VA-co-VBC), P(VP-co-VBC),
were determined by an aqueous gel permeation chromatography (Breeze, Waters, USA) using 0.1
mol-L-! NaNO; aqueous solution (0.8 mL/min) as the eluent and pullulan standards for
calibration. The number-average molecular weight (M,) and polydispersity index (PDI) of
P(MMA-co-VBC) were measured by a gel permeation chromatography (Breeze, Waters, USA)
using THF as the eluent and polystyrene standards for calibration. Dynamic Light Scattering
(DLS) measurements were conducted using a Malvern Instruments Zetasizer Nano ZS instrument
at 25 °C. The differential scanning calorimetry (DSC) was carried out on a TA25 instrument with
a heating rate of 10 °C-min"! under a nitrogen atmosphere.UV-Vis absorption spectra and
transmittance were recorded on a Shimadzu UV-3600 spctrophotometer at room temperature.
Emission spectra and time-resolved emission decay curves were acquired using an Edinburgh FS5
spectrofluorometer at room temperature. Quantum yields (QYs) were measured using the

Edinburgh FS5 spectrofluorometer equipped with an integrating sphere at room temperature.



Tensile properties of the prepared films with a thickness of about 20 um were determined using
an MTS E44 universal testing machine with a crosshead speed of 0.20 mm/s. The surface
morphology of the composites was characterized by field emission scanning electron microscopy
(FESEM, Zeiss Ultra 55 apparatus) with an accelerating voltage of 5 kV.

Theoretical calculations: The electron density distributions of the highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular orbital (LUMO), along with electrostatic
potential (ESP) maps, were calculated using Gaussian 09 program. The ground-state geometry
optimizations were performed at the B3LYP/6-31G(d) level. Time-dependent density functional
theory (TD-DFT) calculations were carried out using ORCA 5.0.4 package, and the singlet-triplet
energy gap (AEst) and spin-orbit coupling (SOC) constants were evaluated at the level of
PBEO0/def2-SV(P).

2 Additional Characterization
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Scheme S2. Synthetic route of the copolymer P(AM-co-VBC).



Fig. S1. '"H NMR spectrum of VBC in CDCl;.
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Fig. S2. 13C NMR spectrum of VBC in CDCl;.
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Fig. S3. HRMS spectrum of VBC.



Table S1. The relative number-average molecular weight (M, and polydispersity index (PDI)
of P(AM-co-VBC).

AM/VBC feed molar ratio M, PDI
100:1 7280 2.57
200:1 9620 3.06
300:1 9710 3.96
400:1 12100 441
500:1 11780 3.83
600:1 13630 4.40
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Fig. S4. (a) Phosphorescence spectrum of PAM. (b) Time-resolved decay curves of PAM.

Table S2. Photoluminescence and phosphorescence quantum yields (QYs) of P(AM-co-VBC).

AM/VBC feed molar ratio QYopL (%) QY phos (%)
100:1 36.82 9.89
200:1 41.43 10.60
300:1 43.57 11.29
400:1 42.21 10.28
500:1 39.75 9.41

600:1 3.99 1.32
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Fig. SS. Photographs of P(AM-co-VBC) under 254 nm UV light and after ceasing the
irradiation.
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Fig. S6. The variation trend of phosphorescence intensity and lifetime of P(AM-co-VBC) with
different feed molar ratios of AM/VBC at 442 nm.
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Fig. S7. (a) Steady-state PL spectrum of P(AM-co-VBC) with AM/VBC feed molar ratio of
400:1 in water and DMSO.
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Fig. S8. Hydrodynamic diameter of P(AM-co-VBC) with AM/VBC feed molar ratio of 400:1 in
water (a) and DMSO (b) from DLS.
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Fig. S9. Phosphorescence spectra of W-P(AM-co-VBC) and P(AM-co-VBC) with AM/VBC feed
molar ratio of 400:1 (Aex = 245 nm).

Table S3. Photoluminescence and phosphorescence QYs of W-P(AM-co-VBC).

molar ratio QYopr (%) QY phos (%0)
100:1 29.62 13.70
200:1 41.31 16.79
300:1 46.83 19.55
400:1 59.28 24.63
500:1 49.63 20.37
600:1 5.58 3.04
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Fig. S10. DSC curves of P(AM-co-VBC) and W-P(AM-co-VBC) with AM/VBC feed molar ratio

of' 400:1.
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Fig. S11. (a) Phosphorescence spectra of W-P(AM-co-VBC) heated at 120 °C for different times.
(b) RTP intensity of W-P(AM-co-VBC) at 442 nm upon alternating treatment of water vapor
fumigation and heating.
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Fig. S12. Photographs of P(VA-co-VBC) and W-P(VA-co-VBC) (a), P(VP-co-VBC) and W-
P(VP-co-VBC) (b), and P(IMMA-co-VBC) (c) with a feed molar ratio of 400:1 under 254 nm UV
light and after ceasing the irradiation.



Table S4. The corresponding spin-orbit coupling constants of isolated BC and BC dimer.

Isolated BC BC dimer BC dimer
{(T;-Sp) (cm™) 0.030 0.391 0.448
{(S;-Ty) (cm™) 0.030 0.396 0.985
{(S)-Ty) (cm™) 0.033 0.717 0.197
{(S;-T3) (em™) 0.037 0.368 0.304
{(S1-Ty) (cm™) 0.079 0.487 0.418
{(S;-Ts) (cm™) 0.037 0.481 0.767
{(S-Tg) (cm™) 0.022 0.136 0.881
{(S;-T7) (cm™) 0.086 0.265 0.397
{(S-Tg) (cm™) 0.041 0.190 0.119
{(S;-Ty) (cm™) 0.088 0.243 0.266
{(Si-Tho) (em) 0.122 0.233 0.070

Table S5. The singlet (S;) and triplet (T,) state transition configurations for the Isolated BC.

States  Energy (eV) Transition configuration (%)
S 4.158 H—L 91.7%
H-5—L+5 4.16%, H-4—L 1.58%, H-4—L+4 1.37%, H-3—L 1.18%, H-
T, 3.087 2—L+52.91%, H-2—L+4 1.25%, H-1-L 67.1%, H-1-L+4 1.19%,
H—L+3 14.7%
H-5—L 1.56%, H-4—1L+3 18.7%, H-3—L+3 1.13%, H-2—L+3 2.01%,
T, 3.376
H—L 88.3%, H—L+3 1.43%
H-4—L 2.39%, H-4—L1L+2 20.7%, H-3—L+1 36.7%, H-2—L+1 11.4%,
T; 3.607
H-2—L+2 22.5%
H-4—L 3.80%, H-4—L+4 1.70%, H-3—L 2.29%, H-3—L+4 1.01%, H-
T, 4.055
2—L 4.09%, H-2—L+4 1.72%, H-1-L 26.6%, H—L+3 54.6%
H-5—L 13.9%, H-4—L+3 6.27%, H-4—L+4 3.78%, H-2—L+3 6.80%,
Ts 4.113 H-1-L+1 1.14%, H-1—-L+3 3.95%, H-1—-L +5 13.1%, H—L 7.20%,

H—L+4 37.9%




Té 4581 H-5—L 12.7%, H-5—L+4 1.27%, H-1—L+3 79.4%, H-1—L+5 3.29%
H-5—L+3 1.56%, H-4—L 13.3%, H-3—L 9.11%, H-2—L 20.1%, H-
b 607 1—>L+4 9.00%, H—L+1 21.8%, H—L+3 4.60%, H—L+5 15.9%
H-4—L 1.30%, H-4—L+1 5.63%, H-4—L+2 17.5%, H-3—L+1 9.50%,
Ty 4707  H-3—L+2 8.84%, H-2—L 2.01%, H-2—L +1 34.1%, H-2—L+2 8.03%,
H-1—L+4 1.15%, HL+1 5.52%, HL+3 1.23%, H—L+5 1.08%
H-d—L+1 19.4%, H-4—1+2 2.30%, H-3—L+1 22.0%, H-3—L+2
T 4.724 13.2%, H-2—L+1 2.13%, H-2—L+2 27.6%, H—L +1 2.43%, H—L+2
6.79%
H-4—L 1.92%, H-4—L+1 3.21%, H-3—L 1.43%, H-3—L+2 4.57%, H-
2L 2.88%, H-2—L+1 5.53%, H-2—L +2 1.36%, H-1—L+2 1.36%,
To 817 H-1—L+1 1.02%, H-1—L+4 2.79%, H—L+1 54.5%, H—L+2 13.1%,

H—L+3 2.54%

Table S6. The singlet (S;) and triplet (T,) state transition configurations for the BC dimer.

States Energy (eV) Transition configuration (%)
S 2431 H—L 94.5%, H—L+1 1.39%, H—L+4 1.70%
H-1—-L+4 3.61%, H—L 67.7%, H—>L+1 13.3%, H—L+4 1.36%, H—>L+6
T, 1.623
1.68%
H-3—L 2.15%, H-2—L 1.59%, H-1-L 5.71%, H—L 7.73%, H—>L+1
b 2233 62.5%, H—L+2 3.87%, H—>L+6 9.19%
H-2—L 2.22%, H-1—-L 31.1%, H-1-L+1 8.04%, H-1->L+4 2.38%,
b 231 H—L 2.82%, H—L+3 2.53%, H-1-L+4 36.6%. H—L+7 2.77%
H-3—L 1.66%, H-3—L+1 2.53%, H-1—L 13.8%, H-1->L+4 7.26%,
T, 2.498 H—L 5.82%, H—L+1 8.19%, H—L+4 25.2%, H—L+6 20.1%, H—L+7
2.77%
H-3—L 2.82%, H-2—L+1 1.55%, H-1-L 10.5%, H-1-L+1 7.21%, H-
Ts 2.665 1—L+4 5.38%, H-1-L+6 1.36%, H—L 1.49%, H—>L+2 1.14%, H—L+3

9.88%, H—L+4 14.3%, H—L+5 3.83%, H—-L+6 28.5%, H—-L+7 1.52%




H-4—1L+4 1.02%, H-2—L 13.9%, H-2—L+1 3.93%, H-2—L+4 1.19%, H-
1—L+1 11.8%, H-1-L+3 1.94%, H-1—L+4 32.7%, H-1—-L+5 3.52%, H-

To 214 15143 9.88%, HoL+4 14.3%, HoL+5 3.83%, HoL 7.76%, HoL+1
2.73%

H-35L 6.96%, H-3—L+1 6.72%, H-3—L+2 1.29%, H-3—L +7 1.17%,

T, 2.784 H-2L 13.4%, H-1—L 16.9%, H-1—L+1 10.3%, H-1—L+4 10.9%, H-
1—>L+6 4.08%, H—L+6 5.98%

H-2—L 8.47%, H-2—L+1 3.00%, H-1—L 2.09%, H—L 1.87%, H—L+1

Ty 2.887
4.28%, HoL+2 71.4%

H-35L 3.82%, H-3—L+1 1.41%, H-2—L 16.6%, H-2—L+1 9.73%, H-

T, 2917 1L+ 20.1%, H-1—1+4 6.45%, H—L+2 13.0%, H—L+3 1.13%,
H—-L+6 12.1%
) s Ho1L45 1.04%, H-1—L41 1.16%, HoL+3 55.9%, HoL+4 1.24%,
10 .

H—L+5 23.7%, H-L+6 2.94%

Table S7. The singlet (S;) and triplet (T,) state transition configurations for the BC dimer.

States Energy (eV) Transition configuration (%)

S, 1.621 H—L 98.8%

H-2—L+7 1.66%, H—L+1 13.7%, H—L+2 12.9%, H—L+3 11.8%,
h L0 HosL+4 47.4%, H—L+7 4.96%

H-3—L+7 1.47%, H-2—L+7 4.02%, H—L 22.3%, H—L+2 15.1%,
b 149 HosL+3 3.14%, HoL+5 7.25%, HoL+6 5.16%, H—L+7 35.3%

H-3—L+7 1.73%, H-2—L+7 3.45%, H—L 13.8%, H—L+3 3.42%,
b 1269 HoL+5 27.1%, H—L+6 13.9%, H—L+7 28.3%.

HoL 61.1%, HL+1 1.25%, H—L+2 7.37%, H—L+5 13.9%,
1 1048 H—L+6 10.4%, H—L+7 1.11%, H—L+8 29.9%
. e H-1—L+8 1.21%, H—L+1 36.8%, H—L+2 7.25%, H—L+4 1.47%,
5 .

H—-L+5 13.8%, H—L+7 1.74%, H-L+8 29.9%
T 1.891 H-1-L+8 1.39%, H—L+1 46.5%, H—L+3 1.74%, H—L+4 7.76%,




H—L+5 5.51%, H—>L+6 2.62%, H—-L+8 30.3%
H—L+2 54.7%, H—>L+3 13.0%, H—>L+4 9.77%, H—L +5 1.64%,

T, 2.017
H—L+6 6.11%, H->L+7 2.56%, H—L+6 8.57%
Ty 2.202 H—L+3 62.2%, H—>L+4 27.5%, H—>L+7 4.84%, H—-L+9 1.61%
H-3—L+5 2.23%, H-3—L+6 1.59%, H-2—L+1 5.86%, H-2—L+2
9.01%, H-2—L+3 7.67%, H-2—L+4 26.1%, H-1-L+1 4.28%, H-
Ty 2.258
1—-L+2 5.39%, H-1-L+3 2.83%, H-1—-L+4 10.5%, H—>L+3
1.09%, H—L+9 8.76%
H-2—L+1 1.62%, H-2—L+2 1.17%, H-2—L+4 10.2%, H-2—L+7
14.8%, H-2—L+8 1.15%, H-1-L+1 10.8%, H-1—-L+2 9.13%, H-
Tio 2.368
1-L+3 7.27%, H-1-L+4 15.3%, H-1-L+7 1.83%, H—>L+4
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Fig. S13. (a) Phosphorescence spectra of W-P(AM-co-VBC), W-P(AM-co-VBC)/CAL and
PAM/CAL (Aex = 245 nm, delay time = 10 ms). (b) Normalized phosphorescence spectra of W-
P(AM-co-VBC), W-P(AM-co-VBC)/ CAL and steady-state PL spectrum of PAM/CAL.

Table S8. Delayed fluorescence quantum yield (QY), phosphorescence lifetime (1) and energy

transfer efficiency (ngt) of W-P(AM-co-VBC)/CAL with different weight ratios at 442 nm.



weight ratio QY (%) T (ms) MeT

1000:0.11 12.60 4104 12.01%
1000:0.22 14.28 3873 16.96%
1000:0.66 20.57 3689 20.90%
1000:1.1 27.49 3510 24.74%
1000:1.54 29.33 3383 27.47%
1000:1.98 29.63 3134 32.80%

Ner = (To-1)/70, Where 1 is the original lifetime (4664 ms) of W-P(AM-co-VBC), and tis the new
lifetime of W-P(AM-co-VBC)/CAL with different weight ratios.
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Fig. S14. (a) Normalized phosphorescence spectra of W-P(AM-co-VBC), W-P(AM-co-VBC)/FL
and steady-state PL spectrum of PAM/FL. (b) Phosphorescence spectra of W-P(AM-co-VBC),
W-P(AM-co-VBC)/FL and PAM/FL (A = 245 nm, delay time = 10 ms).

(a)l 4 - Phos (b) —— W-P(AM-co-VBC)
= —— W-P(AM-co-VBC) 25000 1 W-P(AM-co-VBC)/R6G
= W-P(AM-co-VBC)/R6G —— PAM/R6G
£ iy 20000
£1.0- —— PAM/R6G 5
E 0.8 - z 15000
oo | 2
20 £ 10000
£ 0.4- 2
E 5000 A
Z 0.2 -

= —
0.0 — ' . 0 ; . T
400 500 600 400 500 600

Wavelength (nm) Wavelength (nm)



Fig. S15. (a) Normalized phosphorescence spectra of W-P(AM-co-VBC), W-P(AM-co-
VBC)/R6G and steady-state PL spectrum of PAM/R6G. (b) Phosphorescence spectra of W-
P(AM-co-VBC), W-P(AM-co-VBC)/R6G and PAM/R6G (Aex = 245 nm, delay time = 10 ms).
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Fig. S16. (a) Normalized phosphorescence spectra of W-P(AM-co-VBC), W-P(AM-co-
VBC)/SRB and steady-state PL spectrum of PAM/SRB. (b) Phosphorescence spectra of W-
P(AM-co-VBC), W-P(AM-co-VBC)/SRB and PAM/SRB (A¢x = 245 nm, delay time = 10 ms).
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Fig. S17. Phosphorescence spectra of W-P(AM-co-VBC)/FL (a), W-P(AM-co-VBC)/R6G (b),
and W-P(AM-co-VBC)/SRB (c¢).
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Fig. S18. (a) Time-resolved decay curves of W-P(AM-co-VBC)/FL at 442 nm (A = 245 nm).
(b) Time-resolved decay curves of W-P(AM-co-VBC)/FL at 548 nm (Ax = 245 nm).
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Fig. S19. (a) Time-resolved decay curves of W-P(AM-co-VBC)/R6G at 442 nm (A, = 245 nm).
(b) Time-resolved decay curves of W-P(AM-co-VBC)/R6G at 590 nm (Aex = 245 nm).
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Fig. S20. (a) Time-resolved decay curves of W-P(AM-co-VBC)/SRB at 442 nm (A = 245 nm).
(b) Time-resolved decay curves of W-P(AM-co-VBC)/SRB at 618 nm (A = 245 nm).

Table S9. Delayed fluorescence quantum yield (QY), phosphorescence lifetime (1) and energy

transfer efficiency (ngr) of W-P(AM-co-VBC)/FL with different weight ratios at 442 nm..



weight ratio QY (%) T (ms) NeT

1000:0.058 15.04 4073 12.67%
1000:0.116 23.55 3705 20.56%
1000:0.350 43.13 3544 24.01%
1000:0.584 51.66 3404 27.02%
1000:0.818 49.89 3206 31.26%
1000:1.060 55.22 3035 34.93%

Ner = (T0-1)/19, Where 1 is the original lifetime (4664 ms) of W-P(AM-co-VBC), and tis the
new lifetime of W-P(AM-co-VBC)/FL with different weight ratios.

Table S10. Delayed fluorescence quantum yield (QY), phosphorescence lifetime (1) and energy
transfer efficiency (ngr) of W-P(AM-co-VBC)/R6G with different weight ratios at 442 nm..

weight ratio QY (%) T (ms) NET
1000:0.084 8.88 4393 5.81%
1000:0.168 14.69 4268 8.49%
1000:0.50 23.15 3958 15.14%
1000:0.84 31.28 3816 18.18%
1000:1.18 32.76 3626 22.26%
1000:1.52 31.61 3519 24.55%

Net = (T0-T)/19, Where 1 1s the original lifetime (4664 ms) of W-P(AM-co-VBC), and tis the new
lifetime of W-P(AM-co-VBC)/R6G with different weight ratios.



Table S11. Delayed fluorescence quantum yield (QY), phosphorescence lifetime (1) and energy

transfer efficiency (ngt) of W-P(AM-co-VBC)/SRB with different weight ratios at 442 nm..

weight ratio QY (%) T (ms) NET

1000:0.102 12.79 4045 13.27%
1000:0.205 20.23 3741 19.79%
1000:0.620 37.67 3384 27.44%
1000:1.020 40.86 3012 35.42%
1000:1.440 45.39 2922 37.35%
1000:1.840 46.72 2666 42.84%

Ner = (To-1)/70, Where 1 is the original lifetime (4664 ms) of W-P(AM-co-VBC), and tis the new
lifetime of W-P(AM-co-VBC)/SRB with different weight ratios.
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Fig. S21. Photographs of flexible multicolor RTP films.
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Fig. S22. Comparison of tensile stress between the prepared SA-based flexible RTP films and
some reported polymer-based RTP films.!-3
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Fig. S23. (a) Phosphorescence spectra of SA-based flexible RTP films (A = 245 nm, delayed
time = 10 ms). (b) Time-resolved decay curves of SA-based flexible RTP films at 442 nm (Ax =
245 nm). (c¢) Time-resolved decay curves of SA-based flexible RTP films at the emission peaks
of energy acceptors (Aex = 245 nm).
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Fig. S24. Comparison of phosphorescence lifetime and QY between the prepared SA-based
flexible RTP films and some reported polymer-based RTP films.!-3:%-13



Fig. S25. FESEM micrographs of SA/PVA/W-P(AM-co-VBC) (a), SA/PVA/W-P(AM-co-

VBC)/CAL (b), SA/PVA/W-P(AM-co-VBC)/FL (c), SA//PVA/W-P(AM-co-VBC)/R6G (d), and
SA/PVA/W-P(AM-co-VBC)/SRB (e).
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Fig. S26. (a) Phosphorescence spectra of SA/PVA/W-P(AM-co-VBC) at different temperatures.
(b) Time-resolved decay curves of SA/PVA/W-P(AM-co-VBC) at different temperatures.
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Fig. S27. Phosphorescence intensity histogram (a) and phosphorescence lifetime trend chart (b)
of SA/PVA/W-P(AM-co-VBC)/CAL at different temperatures.
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Fig. S28. Phosphorescence intensity histogram (a) and phosphorescence lifetime trend chart (b)
of SA/PVA/W-P(AM-co-VBC)/FL at different temperatures.

(@) 4500 (b)

SA/PVA/W-P(AM-co-VBC)/R6G SA/PYA/W-P(AM-co-VBC)/R6G
2 hem=442 nm 40001 —0- Aem=442 nm
3600 4 3 Aem=590 nm - Aem=590 nm
- 3000 -
3 2700+ z \
) bt Q,
2 2 2000 -
@ = 9,
: \\\
=
1000 - o,
900 \
.
04
0- T T T T T T T
298 303 323 343 363 383 393 298 303 323 343 363 383 393
Temperature (K) Temperature (K)

Fig. S29. Phosphorescence intensity histogram (a) and phosphorescence lifetime trend chart (b)
of SA/PVA/W-P(AM-co-VBC)/R6G at different temperatures.
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Fig. S30. Phosphorescence intensity histogram (a) and phosphorescence lifetime trend chart (b)
of SA/PVA/W-P(AM-co-VBC)/SRB at different temperatures.
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Fig. S31. (a) Phosphorescence spectra of SA/PVA/W-P(AM-co-VBC) at different humidity
levels. (b) Time-resolved decay curves of SA/PVA/W-P(AM-co-VBC) at different humidity
levels (Ae=442 nm).
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Fig. S32. (a) Phosphorescence spectra of SA/PVA/W-P(AM-co-VBC)/CAL at different humidity
levels. (b) Time-resolved decay curves of SA/PVA/W-P(AM-co-VBC)/CAL at different humidity
levels (Ae=442 nm). (¢) Time-resolved decay curves of SA/PVA/W-P(AM-co-VBC)/CAL at
different humidity levels (A, =554 nm).
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Fig. S33. (a) Phosphorescence spectra of SA/PVA/W-P(AM-co-VBC)/FL at different humidity
levels. (b) Time-resolved decay curves of SA/PVA/W-P(AM-co-VBC)/FL at different humidity
levels (Aen=442 nm). (c¢) Time-resolved decay curves of SA/PVA/W-P(AM-co-VBC)/FL at
different humidity levels (A.,,=548 nm).
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Fig. S34. (a) Phosphorescence spectra of SA/PVA/W-P(AM-co-VBC)/R6G at different humidity
levels. (b) Time-resolved decay curves of SA/PVA/W-P(AM-co-VBC)/R6G at different humidity
levels (Ae=442 nm). (c) Time-resolved decay curves of SA/PVA/W-P(AM-co-VBC)/R6G at
different humidity levels (A,,=590 nm).

() 20000 (b) (0

SA/PVA/W-P(AM-co-VBC)/SRB humidity 20% SA/PVA/W-P(AM-co-VBC)/SRB Aem=442 nm| SA/PVA/W-P(AM-co-VBC)/SRB Aem=618 nm
— humidity 40% ®  humidity 20% T,=4204 ms 10° 14 ®  humidity 20% 7,=2719 ms|
16000 4 humidity 60% S _ i i N _
humidity 80% 102 @ humidity 40% t1,=4081 ms @ humidity 40% 1,=2622 ms|
- humidity 60% t,=4041 ms ®  humidity 60% 1,=2199 ms|
2 120004 2 ®  humidity 80% t,=3715ms| £ & humidity 80% t,=2153 ms|
z ] E s a
g 3 S 10
& 1]
z 80004 10
-
4000 1 e ]
10° 1 ) 10° 4 °
0 T T T T T T T T T T
350 400 450 500 550 600 650 700 750 0 10 20 30 40 0 10 20 30 40
‘Wavelength (nm) Time (s) Time (s)

Fig. S35. (a) Phosphorescence spectra of SA/PVA/W-P(AM-co-VBC)/R6G at different humidity
levels. (b) Time-resolved decay curves of SA/PVA/W-P(AM-co-VBC)/R6G at different humidity
levels (Ae=442 nm). (c) Time-resolved decay curves of SA/PVA/W-P(AM-co-VBC)/R6G at
different humidity levels (A.,,=618 nm).
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Fig. S36. Photographs of SA/PVA/W-P(AM-co-VBC) (a), SA/PVA/W-P(AM-co-VBC)/CAL
(b), SA/PVA/W-P(AM-co-VBC)/FL (c), SA/PVA/W-P(AM-co-VBC)/R6G (d), and
SA/PVA/W-P(AM-co-VBC)/SRB (e) films with and without a tensile force (5 + 0.05 N) under



254 nm UV light and after ceasing the irradiation.
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