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Measurements

Nuclear magnetic resonance ('"H NMR and '*C NMR) spectra were obtained on Bruker Ultra Shield
Plus 500 MHz spectrometer. The chemical shift was relative to tetramethylsilane (TMS) as the
internal standard. Resonance patterns were reported with the notation s (singlet), d(doublet), t
(triplet), q (quartet), and m (multiplet). Gel permeation chromatography (GPC) measurements were
performed on an Agilent 1260 HPLC system equipped with a G7110B pump and a G7162A
refractive index detector, tetrahydrofuran was used as the eluent at 0.5 mL min™! flow rate and
PMMA was used as the standard. Steady-state fluorescence and phosphorescence spectra and
lifetimes were measured using a fluorescence spectrophotometer (Edinburgh FLS1000) equipped
with a xenon arc lamp, a nanosecond hydrogen flash-lamp, or a microsecond flash-lamp, and all the
phosphorescence spectra were recorded with a delay time of 8 ms. DSC experiments were carried
out under N, atmosphere using a NETZSCH DSC 214 system at a scan rate of 10 °C /min"!. The
thermal stability property was evaluated by thermogravimetric analysis (TGA) with the thermal
analysis instrument (NETZSCH TG 209 F3) over the temperature range of 25-500 °C in an N
atmosphere with a heating rate of 10 °C/min ! (empty ALOs crucible as the reference). Luminescent

photographs were taken by a Canon EOS 850D camera.

Computational details:

The Time-Dependent Density Functional Theory (TD-DFT) approach' was used to investigate the
excitation energies and spin-orbit coupling matrix elements (SOCMEs) of the singlet and triplet
states of the RTP chromophores. The optimized geometries were carried out at M06-2X/def2-SVP
level. The above results were performed by Gaussian 09 package.? At the same level, SOCMEs

were evaluated through ORCA software.?



General procedure for the synthesis of monomers, copolymers, and chromophores.

CN CN ™
<> i )\”/OH DMAP, EDCI, DCM AIBN, DMSO ©
— = _—
0 25°C,9h 60 °C,24h 0_0
OH 0.0
X :
BM PBM
CN
CN CN
J 5 25 °C,9h 0~ : 0._0
OLO 60 °C, 24 h L
VM PVM
CHO CN
HO o  H,0 AcOH
+  NH,. .87 ———————=
g 5 0% 50°C, 6 h ~0 o~
OH OH

syringonitrile

cN CN
CN
0 0
DMAP, EtOAc AIBN, DMSO < e
+ - - ™0 o~ o o
~0 e o 65 °C,24h S o 60 °C,24h 0. .0
n
SM PSM

Pd(PPhy),, K,COy

B(OH),

NC Br K
@ & 1,4-Dioxane NOH
HO @ 85°C, 10h :(

Fig. S1 | Synthetic routes of the target monomers (BM, VM, and SM), copolymers (PBM, PVM, and PSM),
and chromophore (TPCN).
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Synthetic procedures:

Compound BM:

4-hydroxybenzonitrile (1.00 g, 8.39 mmol), 4-Dimethylaminopyridine (DMAP, 2.05 g, 16.79 mmol), and 1-
(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI, 3.22 g, 16.79 mmol) were dissolved in
25 mL of dichloromethane. Methyl methacrylate (0.73 g, 8.48 mmol) was added dropwise to the reaction

mixture under a nitrogen atmosphere. After stirring the mixture solution at room temperature for 9 hours, the



solvent was removed using rotary evaporation. The residue was then purified by column chromatography,
yielding BM as a white solid (1.32 g, 84%). '"H NMR (500 MHz, DMSO-d;) & 7.98-7.92 (m, 2H), 7.48-7.41
(m, 2H), 6.32 (t, J = 1.2 Hz, 1H), 5.96 (q, J = 1.6 Hz, 1H), 2.01 (t, J= 1.3 Hz, 3H). *C NMR (126 MHz,
CDCl3) 6 163.89, 153.22, 134.23, 132.65, 127.35, 121.79, 117.26, 108.67, 17.26.

Polymer PBM:

The polymer was synthesized by radical copolymerization. BM (1.00 g, 5.34 mmol) and
azobisisobutyronitrile (AIBN, 0.0088 g, 0.053 mmol) were dissolved in dimethyl sulfoxide (DMSO) of 10
mL under a nitrogen atmosphere. After stirring the solution at 60 °C for 24 h, the mixture was cooled to room
temperature, and the white solids were obtained by precipitation in water. The crude product was then
collected by filtration and washed repeatedly with water. Finally, the final product was obtained after vacuum
drying at 50 °C.

Compound VM:

Vanillin cyanohydrin (1.00 g, 6.70 mmol), DMAP (1.64 g, 13.41 mmol), and EDCI (2.57 g, 13.41 mmol)
were dissolved in 25 mL of dichloromethane. Methyl methacrylate (0.58 g, 6.77 mmol) was added dropwise
to the reaction mixture under a nitrogen atmosphere. After stirring the mixture solution at room temperature
for 9 hours, the solvent was removed using rotary evaporation. The residue was then purified by column
chromatography, yielding VM as a white solid (1.23 g, 84%). 'H NMR (500 MHz, DMSO-ds) § 7.68 (d, J =
1.9 Hz, 1H), 7.50 (dd, J= 8.1, 1.8 Hz, 1H), 7.38 (d, /= 8.2 Hz, 1H), 6.29 (t,J=1.2 Hz, 1H), 5.94 (t, /= 1.6
Hz, 1H), 3.84 (s, 3H), 1.99 (t,J= 1.2 Hz, 3H). '*C NMR (126 MHz, CDCl5) § 164.54, 153.09, 135.07, 133.16,
128.18, 118.76, 109.94, 109.10, 56.66, 18.56.

Polymer PVM:

VM (1 g, 4.60 mmol) and AIBN (0.0076 g, 0.046 mmol) were dissolved in 10 mL of dimethyl sulfoxide
(DMSO) under a nitrogen atmosphere. After stirring the solution at 60 °C for 24 h, the mixture was cooled
to room temperature, and the white solids were obtained by precipitation in water. The crude product was
then collected by filtration and washed repeatedly with water. Finally, the final product was obtained after
vacuum drying at 50 °C.

Compound syringonitrile:

4-hydroxy-3,5-dimethoxybenzaldehyde (2.00 g, 10.98 mmol) and hydroxylamine-O-sulfonic acid (1.366 g,
12.08 mmol) were dissolved in a mixture of water (20 mL) and acetic acid (20 mL) at 0 °C. The reaction

mixture was stirred at 50 °C for 6 h, then quenched with 10% NaHCOs solution. After removing the solvent,



the crude product was purified by recrystallization from hexane, yielding syringonitrile as a light brown
powder (1.62 g, 82%).

Compound SM:

4-hydroxy-3,5-dimethoxybenzonitrile (1.00 g, 5.58 mmol) and DMAP (13.44 mg, 0.11 mmol) were
dissolved in 25 mL ethyl acetate. Methyl methacrylate (0.87 g, 5.64 mmol) was added dropwise to the
reaction mixture under a nitrogen atmosphere. After stirring the mixture solution at 65 °C for 24 h, the solvent
was removed using rotary evaporation. The residue was then purified by column chromatography, yielding
SM as a white solid (1.08 g, 78%). '"H NMR (500 MHz, Chloroform-d) & 6.90 (s, 2H), 6.38 (t, J = 1.2 Hz,
1H), 5.79 (p, J = 1.5 Hz, 1H), 3.84 (s, 6H), 2.07 (t, J = 1.3 Hz, 3H). *C NMR (126 MHz, CDCl3) § 164.54,
153.09, 135.07, 133.16, 128.18, 118.76, 109.94, 109.10, 56.66, 18.56.

Polymer PSM:

SM (1.00 g, 4.04 mmol) and AIBN (0.00657 g, 0.040 mmol) were dissolved in dimethyl sulfoxide (DMSO)
of 10 mL under a nitrogen atmosphere. After stirring the solution at 60 °C for 24 h, the mixture was cooled
to room temperature, and the white solids were obtained by precipitation in water. The crude product was
then collected by filtration and washed repeatedly with water. Finally, the final product was obtained after
vacuum drying at 50 °C.

Compound TPCN (4'-(diphenylamino)-4-hydroxy-[1,1'-biphenyl]-3-carbonitrile):
4-boronotriphenylamine (1.00 g, 3.46 mmol), 4-bromo-2-hydroxybenzonitrile (0.82 g, 4.15 mmol), and 4, 3-
phenylphosphine palladium (0.2 g, 0.173 mmol) were added to a 150 mL round-bottom flask. Under a
nitrogen atmosphere, a degassed solution of anhydrous K-COs (1.43 g, 10.38 mmol) in 1,4-dioxane (50 mL)
was then added to the reaction mixture. After stirring the mixture solution at 85 °C for 10 h, the solvent was
removed by rotary evaporation. The residue was purified by column chromatography (Chloroform/n-hexane)
to afford TPCN as a green powder (1.10 g, 88%). 'H NMR (500 MHz, DMSO-ds) & 11.16 (s, 1H), 7.66 —
7.61 (m, 1H), 7.58 — 7.54 (m, 2H), 7.37 — 7.33 (m, 4H), 7.21 — 7.18 (m, 2H), 7.09 (td, J = 8.3, 1.2 Hz, 6H),
7.05 —7.00 (m, 2H). '*C NMR (126 MHz, CDCls) 6 136.19, 129.99, 129.25, 129.20, 126.88, 125.48, 125.22,
123.32, 117.76, 112.61.

Compound DBCz (7H-dibenzo|[c,g]carbazole):

The reagents were purchased from commercial sources and further purified by column chromatography.

"H NMR (500 MHz, Chloroform-d) & 9.23 (d, J = 8.4 Hz, 2H), 8.75 (s, 1H), 8.05 (dd, J = 8.1, 1.4 Hz, 2H),

7.88 (d,J=8.7 Hz, 2H), 7.72-7.67 (m, 4H), 7.53 (ddd, J= 7.9, 6.8, 1.1 Hz, 2H). 13C NMR (126 MHz, CDCls)



8 136.19, 129.99, 129.25, 129.20, 126.88, 125.48, 125.22, 123.32, 117.76, 112.61.
Compound Cone (Coronene):
The reagents were purchased from commercial sources and further purified by column chromatography.

"H NMR (500 MHz, Chloroform-d) § 8.83 (s, 12H). *C NMR (126 MHz, CDCls) § 127.72, 125.16, 121.58.
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Fig. S2 | '"H NMR spectrum of the BM molecule in DMSO-ds under ambient conditions.
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Fig. S3 | *C NMR spectrum of the BM molecule in CDCl; under ambient conditions.
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Fig. S4 | "H NMR spectrum of the VM molecule in DMSO-ds under ambient conditions.
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Fig. S5 | 1*C NMR spectrum of the VM molecule in CDCl; under ambient conditions.
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Fig. S6 | 'H NMR spectrum of the syringonitrile molecule in CDCl; under ambient conditions.
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Fig. S7 | "H NMR spectrum of the SM molecule in CDCl; under ambient conditions.
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Fig. S10 | *C NMR spectrum of DBCz molecule in CDCI; under ambient conditions.
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Fig. S12 | *C NMR spectrum of the Cone molecule in CDCl3 under ambient conditions.
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Fig. S13 | '"H NMR spectrum of the TPCN molecule in DMSO-ds under ambient conditions.
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Fig. S14 | *C NMR spectrum of the TPCN molecule in DMSO-ds under ambient conditions.
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Fig. S15 | HR mass spectrum of BM in acetonitrile. (BM+H)" m/z: 188.0706 (theoretical value: 188.0706).
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Fig. S17 | HR mass spectrum of SM in acetonitrile. (SM+H)" m/z: 248.0918 (theoretical value: 248.0918).
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Fig. S18 | HR mass spectrum of TPCN in acetonitrile. (TPCN) m/z: 362.1416 (theoretical value: 362.1419).
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Fig. S19 | High-performance liquid chromatograph spectrum of TPCN in acetonitrile (mobile phase: 70%
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Fig. S20 | High-performance liquid chromatograph spectrum of Cone in acetonitrile (mobile phase: 90%
acetonitrile/10% water).

0 2 4 6 8 10 x10°
Molecular Weight

Fig. S21 | Gel permeation chromatography characterization of copolymers PBM, PVM, and PSM.

Table S1. Characterizations of copolymers PBM, PVM, and PSM.

Sample PBM PVM PSM
My 53362 20889 27861
PDI 2.61 1.85 2.78
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Fig. S22 | (a) Photoluminescence (PL) and phosphorescence (Phos.) spectra of PBM polymers under ambient

conditions. (b) Photoluminescence excitation spectra of PBM polymers at 406 nm under ambient condition.
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Fig. S23 | (a) Photoluminescence (PL) and phosphorescence (Phos.) spectra of PVM polymers under ambient

conditions. (b) Photoluminescence excitation spectra of PBM polymers at 376 nm under ambient condition.
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Fig. S24 | (a) Photoluminescence (PL) and phosphorescence (Phos.) spectra of PVM polymers under ambient
conditions. (b) Photoluminescence excitation spectra of PBM polymers at 354 nm under ambient condition.



Fig. S25 | Normalized photoluminescence excitation spectra of
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Fig. S26 | Normalized phosphorescence excitation spectra of DBCz@PBM, DBCz@PVM and DBCz@PSM

at 520 nm under ambient conditions.
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Fig. S27 | Normalized steady-state photoluminescence (black lines) and phosphorescence (blue lines) spectra
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Fig. S30 | Phosphorescence intensity of DBCz@PBM, DBCz@PVM and DBCz@PSM under vacuum

conditions at room temperature.
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Fig. S32 | Normalized steady-state photoluminescence (black lines) and phosphorescence (blue lines) spectra
of DBCz in PVM films. a, 0.01 wt.%. b, 0.05 wt.%. c, 0.1 wt.%. d, 0.3 wt.%. e, 0.5 wt.%. £, 0.7 wt.%.
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Fig. S33 | Fluorescence lifetime of DBCz@PVM films under ambient conditions. a, 0.01 wt.%. b, 0.05 wt.%.
c, 0.1 wt.%. d, 0.3 wt.%. e, 0.5 wt.%. £, 0.7 wt.%.
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Fig. S34 | Lifetime decay profiles of DBCz@PVM films monitoring emission bands at 520 and 570 nm under
ambient conditions. a, 0.01 wt.%. b, 0.05 wt.%. c, 0.1 wt.%. d, 0.3 wt.%. e, 0.5 wt.%. f, 0.7 wt.%.

Table S2 PLQY and Phos. efficiency of DBCz@PVM films at various doping concentrations.
Ratio (%) Dpr (%) Dphos. (%)

0.05 7.4 0.34

0.3 22.5 1.25

0.7 17.6 0.59




Table S3 Phosphorescence lifetime of DBCz@PVM films

Phosphorescence
Ratio Wavelength
T
(%) (nm) A1 (%) T, (ms) As (%) T3 (mS) Az (%)
(ms)
520 56.9 3.74 401.7 24.13 1213.8 72.13
0.05
570 56.7 4.87 374.6 29.17 1174.6 65.96
520 99.0 3.73 511.1 26.80 1275.4 69.47
0.3
570 51.2 431 366.1 27.84 1144.6 67.84
520 27.2 5.15 301.6 25.51 1072.6 69.34
0.7

570 10.5 8.17 220.1 17.77 1139.5 74.06




Table S4 Dynamic photophysical parameters of DBCz@PVM films at various doping concentrations.

Fluorescence Phosphorescence
Ratio  Wavelength
TFluo [0} KrFluo KmFl“O Kisc TPhos [0} KrPhOS KmPhos
(%) (nm)
ms) (%) (sH (s (sl (ms) (%) (HI (s
1.26 1.87 0.78
395 5.00 6.3
x107 x108 %106
0.01
3.56
520 1094.9 0.39 0.91
x1073
1.71 2.14 0.79
395 432 74
x107 x108 x10°
0.05
2.80
520 1213.8 0.34 0.82
x1073
434 1.75 2.42
395 459 199
x107 x108 x10°
0.1
9.08
520 1222.8 1.11 0.81
%1073
6.68 2.30 3.71
395 337 225
x107 x108 x10°
0.3
9.80
520 1275.4 1.25 0.77
x1073
5.88 2.17 1.30
395 362 213
x107 x108 x10°
0.5
3.82
520 1230.1 0.47 0.81
x1073
7.96 3.73 2.67
395 221 17.6
x107 x108 x10°
0.7
5.50
520 1072.6 0.59 0.93
x1073

[a] krFluo': Do, / TFluo., [b] kanluO' = (1‘ Dryyo. - q)Phos.) / TFluo., [C] Kisc = ®phos. / TFluo., [d] krPhOS' = Dppos. / TPhos.»

[e] knr"™ = (1- ®Phos.) / Thhos.
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Fig. S35 | Normalized steady-state photoluminescence (black lines) and phosphorescence (blue lines) spectra
of DBCz in PBM films. a, 0.01 wt.%. b, 0.05 wt.%. c, 0.1 wt.%. d, 0.3 wt.%. e, 0.5 wt.%. f, 0.7 wt.%.
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Fig. S36 | Fluorescence lifetime of DBCz@PBM films under ambient conditions. a, 0.01 wt.%. b, 0.05 wt.%.
c, 0.1 wt.%. d, 0.3 wt.%. e, 0.5 wt.%. £, 0.7 wt.%.
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Fig. S37 | Lifetime decay profiles of DBCz@PBM films monitoring emission bands at 520 and 570 nm under
ambient conditions. a, 0.01 wt.%. b, 0.05 wt.%. c, 0.1 wt.%. d, 0.3 wt.%. e, 0.5 wt.%. f, 0.7 wt.%.

Table S5 Phosphorescence lifetime of DBCz@PBM films

Phosphorescence

Ratio Wavelength

(%) (nm) A (%) T2 (ms) Az (%) T3 (ms) Aj (%)
(ms)

520 313 6.27 238.9 253 983.5 68.5

570 26.1 7.44 213.8 30.51 937.8 62.05

520 85.3 7.62 414.9 3231 1140.1 60.07

570 65.6 7.05 326.2 29.44 1045.0 63.52

520 16.7 8.77 185.3 28.17 889.0 63.06

570 11.4 10.48 119.1 32.00 675.5 57.51




DBCz@PBM

Intensity
N

400 500 600 700 800
Wavelength (nm)

Fig. S38 | Phosphorescence intensity of DBCz doped in PBM films with different doping concentrations at
room temperature.

Table S6 PLQY and Phos. efficiency of DBCz@PBM films at various doping concentrations.
Ratio (%) Dpr (%) Dphos. (%)

0.05 10.6 0.59

0.3 18.4 0.76

0.7 13.0 0.66




Table S7 Dynamic photophysical parameters of DBCz@PBM films at various doping concentrations.

Fluorescence Phosphorescence
Ratio  Wavelength
TFluo d KrFluo KmFluo Kise TPhos [0} KrPhOS KmPhos
(%) (nm)
(ms) (%) (s (sH! (sl (ms) (%) (HI (s
1.23 2.33 0.88
395 4.08 5.0
x107 x108 %109
0.01
8.46
520 425.6 0.36 2.34
x1073
2.72 2.30 1.52
395 3.89 10.6
x107 %103 %109
0.05
6.00
520 983.5 0.59 1.01
x1073
445 2.01 2.70
395 4.07 18.1
x107 x10% %109
0.1
10.6
520 1037.1 1.1 0.95
%1073
5.53 2.45 2.28
395 3.33 18.4
x107 %103 %109
0.3
6.67
520 1140.1 0.76 0.87
x1073
3.54 2.72 2.12
395 3.25 11.5
x107 x108 %109
0.5
8.70
520 792.8 0.69 1.25
x1073
4.71 3.15 2.39
395 2.76 13.0
x107 x108 x10°
0.7
7.42
520 889.0 0.66 1.12

x1073
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Fig. S39 | Normalized steady-state photoluminescence (black lines) and phosphorescence (blue lines) spectra
of DBCz in PSM films. a, 0.01 wt.%. b, 0.05 wt.%. c, 0.1 wt.%. d, 0.3 wt.%. e, 0.5wt.%. f, 0.7 wt.%.
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Fig. S40 | Fluorescence lifetime of DBCz@PSM films under ambient conditions. a, 0.01 wt.%. b, 0.05 wt.%.

c, 0.1 wt.%. d, 0.3 wt.%. e, 0.5 wt.%. £, 0.7 wt.%.
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Fig. S41 | Lifetime decay profiles of DBCz@PSM films monitoring emission bands at 520 and 570 nm under
ambient conditions. a, 0.01 wt.%. b, 0.05 wt.%. ¢, 0.1 wt.%. d, 0.3 wt.%. e, 0.5 wt.%. £, 0.7 wt.%.
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Fig. S42 | Phosphorescence intensity of DBCz doped in PSM films with different doping concentrations at

room temperature.



Table S8 Phosphorescence lifetime of DBCz@PSM films

Phosphorescence

Ratio Wavelength
T
(%) (nm) A (%) ta(ms) Ay (%) 3 (ms) Az (%)
(ms)

520 8.7 33.71 76.5 31.30 424.4 34.98
0.05
570 26.2 16.04 158.2 50.53 527.9 3343

520 63.5 9.35 216.3 24.42 661.3 66.23
0.3
570 16.7 9.34 158.8 32.77 618.4 57.89

520 15.4 5.63 148.7 32.20 722.6 62.17
0.7
570 9.5 16.52 122.8 29.19 627.3 54.29

Table S9 PLQY and Phos. efficiency of DBCz@PSM films at various doping concentrations.
Ratio (%) Dpr (%) Dpnos. (%)

0.05 7.1 0.49

0.3 11.8 0.96

0.7 11.0 0.69




Table S10 Dynamic photophysical parameters of DBCz@PSM films at various doping concentrations.

Fluorescence Phosphorescence
Ratio  Wavelength
TFluo [0} KrFluo KmFl“O Kise TPhos [0} KrPhOS KmPhos
(%) (nm)
ms) (%) (sH (s (sl (ms) (%) (HI (s
1.02 2.11 0.84
395 453 4.6
x107 x108 %100
0.01
11.2
520 339.1 0.38 2.94
x1073
1.65 2.16 1.14
395 431 7.1
x107 x108 %109
0.05
11.5
520 424.4 0.49 2.34
x1073
3.57 3.01 2.83
395 297 10.6
x107 x108 %109
0.1
13.8
520 610.5 0.84 1.62
%1073
3.35 2.51 2.73
395 352 118
x107 x108 %109
0.3
14.5
520 661.3 0.96 1.50
x1073
3.98 3.00 5.00
395 294 117
x107 x108 x10°
0.5
20.5
520 717.2 1.47 1.37
x1073
4.38 3.55 2.75
395 2.51  11.0
x107 x108 x10°
0.7
9.55
520 722.6 0.69 1.37

x1073
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Fig. S43 | Normalized absorption (Abs, black line) and steady-state photoluminescence (PL, red line) spectra

of DBCz in DCM solution (1 x 10~> M) at room temperature, respectively.
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Fig. S45 | DSC curves of a) PBM, b) PVM, and c) PSM films.
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Fig. S46 | Chemical structure of the Cone molecule.
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Fig. S47 | Chemical structure of the TPCN molecule.
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Fig. S48 | Steady-state photoluminescence (black line) and phosphorescence (blue line) spectra of
TPCN@PVM at 77 K.
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Fig. S49 | Photographs of TPCN@PVM films taken under a 365 nm lamp on and off.
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Fig. S50 | Steady-state photoluminescence (black line) and phosphorescence (yellow line) spectra of Cone in
dilute m-THF solution (1 x 10 M) at 77 K.
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Fig. S51 | Steady-state photoluminescence (black line) and phosphorescence (yellow line) spectra of TPCN
in dilute m-THF solution (1 x 10> M) at 77 K.
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Fig. S53 | Lifetime decay profiles of TPCN@PVM films monitoring emission band at 548 nm under ambient

conditions.



Table S11 PLQY and Phos. efficiency of Cone@PVM and TPCN@PVM films.

Compound Dpr (%) Dphos. (%)
Cone@PSM 19.5 1.09
TPCN@PSM 42.4 6.05
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Fig. S54 | (a) Normalized steady-state photoluminescence (black line) and phosphorescence spectra (green
line) of Cone@PSM film under ambient conditions. (b) Lifetime decay curve of Cone@PSM films at 570
nm under ambient conditions.
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Fig. S55 | (a) Normalized steady-state photoluminescence (black line) and phosphorescence spectra (green
line) of TPCN@PSM film under ambient conditions. (b) Lifetime decay curve of TPCN@PSM films at 548
nm under ambient conditions.
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Fig. S56 | Phosphorescence lifetime of Cone@PSM and TPCN@PSM under vacuum conditions at room
temperature.
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