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Supplementary Note 1. | Chemicals and general information 

1,10-Phenanthroline (98%, Apollo Scientific Ltd), 4-Bromo-1,8-naphthalic anhydride (96%, 

Apollo Scientific Ltd), 4-Aminophenethyl alcohol (97%, Thermo Scientific - Acros Organics), 

tert-Butyldimethylchlorosilane (TBDMS-Cl, 97%, Fluorochem Ltd), Imidazole (>99%, Sigma-

Aldrich), 9,9-Dimethyl-9,10-dihydroacridine (DMAC, 98%, BLDpharm), N-Bromosuccinimide 

(NBS, 99%, Sigma-Aldrich), Cinnamoyl chloride (97%, BLDpharm), 2-Hydroxyethyl 

methacrylate (>99%, contains <50 ppm monomethyl ether hydroquinone as inhibitor, Sigma-

Aldrich), 4-Methoxyphenol (98%, BLDpharm), Triethylamine anhydrous (99%, Fluorochem 

Ltd), 2-(4-Bromophenyl)-4,6-diphenyl-1,3,5-triazine (Br-TRZ, 98%, BLDpharm), 4-(4,4,5,5-

Tetramethyl-1,3,2-dioxaborolan-2-yl)benzeneethanol (para-spacer, 95%, BLDpharm), 2-(3-

(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethanol (meta-spacer, 97%, BLDpharm), 

(2-(Hydroxymethyl)phenyl)boronic acid (ortho-spacer, 98%, BLDpharm), 9-(4-Bromophenyl)-

9H-carbazole (98%, BLDpharm), Acryloyl chloride (> 97%, Merck Millipore), Sodium hydride 

(95%, Sigma-Aldrich), 4,4'-Difluorobiphenyl sulphone (98%, Apollo Scientific Ltd), 

Tetrakis(triphenylphosphine)palladium(0) (99.9%, Thermo Scientific - Acros Organics), 

Tetrabutylammonium fluoride solution (TBAF, 1.0M in THF, Sigma-Aldrich), 2-Bromo-2-

methylpropanoyl bromide (98%, Sigma-Aldrich), Dibutyltin oxide (98%, Thermo Scientific - 

Acros Organics), Tert-Butyldimethylsilyl chloride (98%, Fluorochem Ltd), Carbazole (Cz, 96%, 

Thermo Scientific - Acros Organics), 4-Bromophenethyl alcohol (99%, Sigma-Aldrich), 

1,1,4,7,7-pentamethyldiethylenetriamine (PMDETA, 99+%, Thermo Scientific - Acros 

Organics), Allyl methacrylate (>97.0%, Tokyo Chemical Industry), Palladium(II) acetate 

(>99.9%, trace metals basis, Sigma-Aldrich), Sodium tert-butoxide (NaOtBu, >98%, Tokyo 

Chemical Industry), Tri-tert-butylphosphonium tetrafluoroborate (tBu3P·HBF4, 97%, 

Fluorochem Ltd), Copper(I) iodide (CuI, 98%, Sigma-Aldrich), Copper(I) bromide (CuBr, 98%, 

Sigma-Aldrich), Anhydrous Sodium sulfate (> 99%, Fisher Scientific), Potassium carbonate 

(K2CO3, 99%, Sigma-Aldrich), Toluene (99.8%, Fisher Scientific), Anhydrous Toluene (99.8%, 

Fisher Scientific), Ethanol (EtOH, >99.8%, Sigma-Aldrich), Methanol (MeOH, >99.9%, HPLC 

gradient grade, Sigma-Aldrich), N,N-Dimethylformamide (DMF, >99%, Sigma-Aldrich), 

Anhydrous DMF (99.8%, Fisher Scientific), Dichloromethane (DCM, 99.8%, Fisher Scientific), 

Anhydrous DCM (99.8%, Fisher Scientific), Tetrahydrofuran (THF, >99.5%, , Sigma-Aldrich), 

Anhydrous THF (99.5%, Fisher Scientific), Dichloromethane-d2 (DCM-d2, 99.5%, Eurisotop), 

Chloroform-d (CDCl3, >99% deuterated, Sigma-Aldrich), Dimethyl sulfoxide-d6 (DMSO-d6, 

99.9% deuterated, Eurisotop)  

 

All chemicals above were listed in order of organic chemicals, salts, and solvents. All chemicals 

were used as received without further purification. 

 

Measurement 

Proton nuclear magnetic resonance (1H NMR, 300 MHz) and carbon nuclear magnetic 

resonance (13C NMR, 76 MHz) spectra were recorded on a spectrometer (Bruker, USA) at 

room temperature.  

UV-visible absorption spectra of the polymers were measured using Jasco V670 

spectrophotometer. The scanning rate was 200 nm/min. PL characterizations of the liquid 

samples were carried out using a Hamamatsu Quantaurus QY absolute PL quantum yield 

spectrometer (C11347-11) equipped with a 150 W xenon lamp and a 3.3 inch integrating 

sphere, which is coated with highly reflective Spectralon. The PL spectra were measured at an 

excitation wavelength of 320 nm. The liquid samples were diluted accordingly with toluene. 
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The thin film samples were spin-coated by preparing 20 mg/mL concentration solution in 

toluene with 2000 rpm on 1x1 cm quartz substrate. 

Time-resolved photoluminescence (TRPL) spectra of the ELPR thin films and solutions were 

measured using a Hamamatsu Quantaurus-Tau Fluorescence Lifetime Spectrometer (C11367-

31), which is equipped with a photon counting measurement system. The solution samples 

were excited using a 340 nm pulsed emission with a repetition rate of 5 kHz. The concentration 

of polymer solutions in toluene was 0.5 mM. The instrument response function (IRF) was 

measured using a LUDOX® AS-30 colloidal silica suspension (30 wt. % suspension in H2O, 

Aldrich) diluted with water.  

In order to carry out temperature dependent TRPL and PL intensity measurements for thin film, 

an Oxford Optistat DN cryostat was integrated with the Quantaurus-Tau (C11367) 

Fluorescence lifetime spectrometer. This spectrometer used time-correlated single photon 

counting (TCSPC) to measure TRPL lifetime. The thin film samples were spin-coated by 

preparing 20 mg/mL concentration solution in toluene with 2000 rpm on 1x1 cm quartz 

substrate. The thin film samples were excited using a picosecond pulsed laser (PLP-10) with 

an excitation wavelength of 406 nm, a repetition rate of 10 kHz, 10000 counts, and a FWHM 

of ~0.4 ns. All the TRPL traces were fitted with a bi-exponential function. 

To isolate and quantify the prompt and delayed emission components, the photoluminescence 

quantum yields (PLQYs) and time-resolved photoluminescence (TRPL) spectra of the TADF 

polymers were recorded in 0.1 mM dilute toluene solutions, utilizing oxygen bubbling to 

determine the prompt PLQY (ΦPF).14 The efficient quenching of triplet states (T1) by oxygen 

ensures that the emission occurs exclusively via the prompt singlet pathway.  

The total PLQY (Φtot) is measured after argon degassing the TADF polymer solution for 30 

minutes to entirely remove dissolved oxygen, allowing both singlet and triplet pathways to 

contribute for PL emission. This yielded a Φtot of TADF polymer in the toluene solution. 

The delayed PLQY (ΦDF), in Supplementary Table 8, is calculated directly by subtracting the 

ΦPF from Φtot. 

ΦDF = Φtot - ΦPF 

This photophysical assignment is explicitly corroborated by the TRPL decay spectra provided 

in Supplementary Fig. 54. In the oxygen-bubbled toluene solution, the triplet excited states 

are fully quenched, resulting in a clean, monoexponential prompt decay profile devoid of any 

delayed features.3 In stark contrast, the argon-degassed solution exhibits a pronounced long-

lived delayed emission component with a prompt component. Both prompt and delayed exciton 

lifetimes (𝜏𝑃𝐹  and 𝜏𝐷𝐹 ) were estimated by fitting the TRPL decay curves with an Arrhenius 

biexponential function. This clearly confirms that the triplet excited states are preserved under 

inert conditions and successfully undergo thermally activated reverse intersystem crossing 

(RISC) back to the singlet manifold (T1 → S1) to generate delayed fluorescence. Note that the 

fast RISC rate (kRISC) in the TADF polymers is directly associated with fast reverse intersystem 

crossing that directly associated with intersystem crossing rate (kISC). 

By extracting the 𝜏𝑃𝐹 , 𝜏𝐷𝐹 , 𝑘𝑃  and 𝑘𝑃 from these TRPL curves (Supplementary Fig. 54) 

alongside the PLQY data, we evaluated the key kinetic rate constant of the self-hosted TADF 

polymers and ELPRs. We then derived the key kinetic characteristics, such as radiative decay 

rate constant (kr
s), reverse intersystem crossing rate constant (kRISC), intersystem crossing rate 

constant (kISC), and non-radiative radiative rate constant from triplet state (knr
T) using a well-

established TADF kinetic model reported by Adachi group.15,16 All photophysical characteristics, 

and derived rate constants are summarized in Table 8.  
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Thermogravimetric analysis (TGA) performed using Netzsch-Gerätebau GmbH - STA 449 C 

Jupiter Thermo-microbalance TGA analyzer. The weight loss of TADF polymer emitter was 

recorded between 70 and 600 °C with a constant heating rate of 10 °C min-1 under inert 

atmosphere as nitrogen flow with a flow rate of 10 ml min-1. All samples were preheated before 

performing the TGA analysis to avoid any moisture content and solvent traces effect on weight 

loss. 

Atomic force microscopy (AFM) images were carried out on NX20 (Park Systems) in non-

contact mode. 

SEM (Scios 2 DualBeam, Thermo Fisher Scientific) images were taken to characterize the 

morphology of the ELPR or ER patterns. 

Fluorescent images were taken by using Zeiss optical microscope installed with 365 nm LED 

light source to excite the emission from polymers in reflective mode. High-magnification 

objectives (20X, 50X, 100X) are used to resolve features down to the diffraction limit. 

Size-exclusion chromatography (SEC) measurements were carried out on a system from 

Shimadzu (Kyoto, Japan) including a CBM-20A system controller, an SIL-20A HT auto 14 

sampler, a guard column (50 × 7.5 mm, beadsize: 10.0 μm) followed by three KF-805L columns 

(300 × 8 mm, bead size: 10 μm, pore size maximum: 5000 Å), an SPD-20A ultraviolet detector, 

and a RID-20A refractive-index detector. Measurements were conducted at 40 °C using a 

CTO20A oven.  

Matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF) mass spectrometry was 

performed using Bruker’s UltraFlex II system, with DCTB as the matrix (10.0 eq.) and silver 

trifluoroacetate as the cationization agent (1.0 eq.). The samples were prepared by dissolving 

in THF (1.0 eq.). 

Electrospray ionization mass spectrometry (ESI-MS) experiments were conducted using an 

Agilent 6230 time-of-flight liquid chromatography/MS system using positive mode.  

The cyclic voltammograms (CVs) of polymers were recorded with a Vionic potentiostat, 

powered by Intello, from Metrohm Autolab. All measurements were conducted on nitrogen 

degassed 0.05 mM solutions of polymers in dichloromethane (DCM) containing 0.1 M of tetra 

-n-butylammonium hexafluorophosphate (nBu4NPF6) as supporting electrolyte at room 

temperature. A three-electrode system was used, with glassy carbon as a working electrode, 

and platinum wires as a counter electrode as well as reference electrode, in a glass 

electrochemical cell. A ferrocenium/ferrocene (Fe/Fe+) couple was used, as the external 

reference and a correction factor was used, as determined by the CV of ferrocene in DCM 

using same reference electrode. The CVs of polymers were recorded using linear scan with a 

scan rate of 0.1 V s-1, after each scan, the solutions were purged with argon for 30 minutes. 

The J-V-L characteristics and EL spectra of the OLED devices were measured using a an 
absolute 𝜂ext measurement system (C9920-12; Hamamatsu Photonics) consisting a calibrated 
3.3 inches reflective Spectralon coated integrating sphere (A10094), a highly sensitive CCD 
Spectrometer PMA-12 Photonic multichannel analyzer (C10027-01), a fiber probe, a 
computer-controlled Keithley 2450 source meter unit, and data analyzer EL efficiency 
measurement software package (U6039-06). The EL performance of our devices was also 
verified using Photo Research PR-655 SpectraScan spectroradiometer coupled with a Keithley 
2400 source measurement unit. The operational lifetime (LT50) of the encapsulated devices 
were evaluated at room temperature under ambient relative humidity conditions. Long-term 
stability characterization was executed using a commercial, 16 parallel stressing channels in 
4 different chambers, Litos LED Lifetime System (Fluxim AG) equipped with calibrated silicon 
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photodiodes to track luminance decay. The devices were operated in a constant direct-current 
(DC) driving mode at varied current densities of 1 mA cm-2, 2.4 mA cm-2, 5 mA cm-2, and 10 
mA cm-2. 

  



7 

 

Supplementary Note 2. | Synthetic route of green-emitting TADF initiator for ATRP 

 

 

 

Synthesis of G1 

As shown in Supplementary Fig. 1, G1 was synthesized based on the reported method.1 A 

100 mL Schlenk flask was charged with a stirring bar, 2-(4-bromophenyl)-4,6-diphenyl-1,3,5-

triazine (1.00 g, 2.58 mmol, 1.0 eq.), DAMC (0.593 g, 2.83 mmol, 1.1 eq.), Pd(OAc)2 (0.011 g, 

0.05 mmol, 0.02 eq.), NaOtBu (0.297 g, 3.09 mmol, 1.2 eq.) and tBu3P·HBF4 (0.044 g, 0.15 

mmol, 0.06 eq.). After drying the solids for 30 minutes under vacuum, the flask was flushed 

three times with argon and charged with anhydrous toluene (30 mL) degassed with argon 

previously. The reaction mixture was heated to 115 °C and refluxed overnight. After cooling 

down to room temperature, the residue was diluted in DCM (50 mL) and washed with water (3 

x 10 mL) and brine (30 mL), dried over anhydrous Na2SO4 and evaporated to dryness. The 

product was purified by column chromatography on silica gel eluting with a 4:1 mixture of 

hexane and DCM to produce pale green solids (0.95 g, 1.84 mmol, 71%). 1H NMR (300 MHz, 

CDCl3) δ 9.13 – 8.99 (m, 2H), 8.91 – 8.75 (m, 4H), 7.72 – 7.54 (m, 8H), 7.54 – 7.44 (m, 2H), 

7.07 – 6.88 (m, 4H), 6.45 – 6.34 (m, 2H), 1.74 (s, 6H). 13C NMR (76 MHz, CDCl3) δ 171.88, 

Supplementary Fig. 1: Synthetic route of green-emitting TADF initiator. 
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171.11, 145.37, 140.64, 136.11, 132.72, 131.62, 131.54, 130.27, 129.05, 128.75, 126.48, 

125.38, 120.88, 114.23, 77.25, 36.08, 31.34. See Supplementary Fig. 2.  

 

 

Synthesis of G2 

A 250 mL round bottomed flask was charged with G1 (1.20 g, 2.32 mmol, 1 eq.) and anhydrous 

THF (40 mL). NBS (0.868 g, 4.88 mmol, 2.1 eq.) in anhydrous THF (15 mL) was added 

dropwise to the solution under 0 °C ice bath. The mixture was stirred overnight at room 

temperature. The residue was diluted in DCM (20 mL) and washed with brine (2 x 20 mL), 

dried over anhydrous Na2SO4 and evaporated to dryness. The crude solids were dissolved in 

THF and precipitated in hexane, and collected through vacuum filtration. The product was 

further recrystallized in THF/MeOH to afford pale solids (1.5 g, 2.22 mmol, 95%). 1H NMR (300 

MHz, CD2Cl2) δ 9.04 (d, J = 8.4 Hz, 2H), 8.85 – 8.78 (m, 4H), 7.70 – 7.60 (m, 6H), 7.58 – 7.51 

(m, 4H), 7.10 (dd, J = 8.8, 2.3 Hz, 2H), 6.28 (d, J = 8.8 Hz, 2H), 1.67 (d, J = 1.8 Hz, 6H). 13C 

NMR (76 MHz, CD2Cl2) δ 171.90, 170.94, 144.36, 139.57, 136.67, 136.04, 132.78, 131.98, 

131.75, 131.17, 129.32, 128.93, 128.75, 128.17, 115.99, 113.43, 36.33, 30.73. See 

Supplementary Fig. 3.  

 

 

Synthesis of G3 

A 100 mL schlenk flask equipped with a stirring bar was charged with G2 (1.20 g, 1.78 mmol, 

1 eq.), (2-(Hydroxymethyl)phenyl)boronic acid (ortho-spacer, 0.765 g, 5 mmol, 2.8 equiv.), 

K2CO3 (1.72 g, 12.45 mmol, 7 equiv.) and Pd(PPh3)4 (92 mg, 0.11 mmol, 0.06 eq.). After drying 

under vacuum for 30 minutes, the flask with solids was flushed three times with argon. The 

solids were dissolved in mixture of dioxane (40 mL) and water (10 mL) degassed by argon 

bubbling. The reaction mixture was heated to 85 °C and reacted for 36 hours. After cooling 

down to room temperature, the residue was dissolved in DCM (50 mL) and washed with water 

(3 x 10 mL) and brine (2 x 20 mL), dried over anhydrous Na2SO4 and evaporated to dryness. 

The product was purified by column chromatography on silica gel eluting with a mixture of 
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DCM and MeOH (from v:v = 1:0 to 100:1) to produce a yellowish solid (0.849 g, 1.16 mmol, 

65%). 1H NMR (300 MHz, CDCl3) δ 9.16 – 9.02 (m, 2H), 8.89 – 8.77 (m, 4H), 7.69 – 7.53 (m, 

12H), 7.35 (tdd, J = 9.5, 4.3, 3.2 Hz, 6H), 7.04 (dd, J = 8.4, 2.0 Hz, 2H), 6.46 (d, J = 8.4 Hz, 

2H), 4.68 (s, 4H), 1.78 (s, 6H), 1.61 (s, 2H). 13C NMR (76 MHz, CDCl3) δ 171.92, 145.00, 

141.42, 139.76, 138.16, 136.45, 136.08, 133.13, 132.75, 131.75, 131.56, 130.12, 129.88, 

129.06, 128.75, 128.64, 127.79, 127.35, 127.28, 126.64, 114.06, 77.23, 63.46, 36.27, 31.69. 

See Supplementary Fig. 4.  

 

 

Synthesis of green-TADF initiator 

A 100 ml flask with a stirring bar was charged with G3 (0.60 g, 0.82 mmol, 1 eq.), triethylamine 

(Et3N, 460 μL, 3.29 mmol, 4 eq.) and anhydrous DCM (15 mL) under N2. 2-bromoisobutyryl 

bromide (230 μL, 1.81 mmol, 2.2 eq.) was added dropwise to the solution under 0 °C ice bath. 

The mixture was stirred overnight at room temperature. The residue was dissolved in DCM (30 

mL), washed with water (2 x 15 mL) and brine (30 mL), dried over anhydrous Na2SO4 and 

evaporated to dryness. The product was purified by column chromatography on silica gel 

eluting with a 1:1 mixture of hexane and DCM to produce yellow solids (0.632 g, 0.616 mmol, 

75%). 1H NMR (300 MHz, CDCl3) δ 9.08 (d, J = 8.2 Hz, 2H), 8.90 – 8.78 (m, 4H), 7.71 – 7.57 

(m, 8H), 7.57 – 7.46 (m, 4H), 7.45 – 7.32 (m, 6H), 7.02 (dd, J = 8.5, 2.0 Hz, 2H), 6.43 (d, J = 

8.5 Hz, 2H), 5.22 (s, 4H), 1.92 (s, 12H), 1.79 (s, 6H). 13C NMR (76 MHz, CDCl3) δ 171.93, 

171.48, 142.26, 139.80, 136.08, 132.83, 132.74, 131.78, 131.55, 130.24, 129.95, 129.45, 

129.06, 128.76, 128.48, 127.39, 127.25, 126.52, 114.13, 66.09, 55.75, 36.28, 31.89, 30.85. 

ESI-MS: m/z of adduct (M+Na)+, calcd. for C58H50Br2N4O4, 1047.2091; found, 1047.2087. See 

Supplementary Fig. 5.  
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Supplementary Fig. 2: Structural characterization of G1 (DMAC-TRZ). (A) 1H NMR and 

(B) 13C NMR spectrum in CDCl3-d.  
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Supplementary Fig. 3: Structural characterization of G2. (A) 1H NMR and (B) 13C NMR 

spectrum in CD2Cl2-d2.  
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Supplementary Fig. 4: Structural characterization of G3. (A) 1H NMR and (B) 13C NMR 

spectrum in CDCl3-d.  
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Supplementary Fig. 5: Structural characterization of green-TADF initiator. (A) 1H NMR 

and (B) 13C NMR spectrum in CDCl3-d. 
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Supplementary Note 3 | Synthetic route of red-emitting TADF initiator for ATRP  

 

Please see Supplementary Fig. 6. 

 

 

  

Supplementary Fig. 6: Synthetic route of red-emitting TADF initiator. 
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Synthesis of R1 

A 250 mL flask with a stirring bar was charged with 4-bromo-1,8-naphthalic anhydride (5.54 g, 

20 mmol, 1 eq.) and 2-(4-aminophenyl)ethanol (8.23 g, 60 mmol, 3 eq.). The solids were 

dissolved in 120 mL EtOH, and the solution was heated to 80 °C and refluxed overnight. After 

cooling down to room temperature, the crude mixture was poured into water. The precipitates 

were collected by filtration, and washed with EtOH. Yellow brownish powders were obtained 

as product after drying under vacuum overnight (6.97 g, 17.59 mmol, 88%). 1H NMR (300 MHz, 

DMSO) δ 8.59 – 8.56 (m, 1H), 8.56 – 8.53 (m, 1H), 8.32 (d, J = 7.9 Hz, 1H), 8.22 (d, J = 7.9 

Hz, 1H), 8.06 – 7.96 (m, 1H), 7.37 (d, J = 8.3 Hz, 2H), 7.27 (d, J = 8.3 Hz, 2H), 4.74 (t, J = 5.1 

Hz, 1H), 3.70 (q, J = 6.7 Hz, 2H), 2.82 (t, J = 6.9 Hz, 2H). 13C NMR (76 MHz, DMSO) δ 163.71, 

163.65, 140.25, 134.00, 133.17, 132.08, 131.85, 131.44, 130.38, 129.83, 129.63, 129.31, 

129.20, 129.10, 123.83, 123.05, 62.45, 39.13. See Supplementary Fig. 7.  

 

 

Synthesis of R2 

A 250 mL flask with a stirring bar was charged with R1 (5.151 g, 13 mmol, 1 eq.), imidazole 

(1.770 g, 26 mmol, 2 eq.), and anhydrous DMF (50 mL) under N2. The mixture was stirred for 

20 minutes at room temperature. Then TBDMS-Cl (2.939 g, 19.5 mmol, 1.5 eq.) was added 

dropwise to the solution and the mixture was kept stirring overnight under N2. The crude slurry 

was filtered under reduced pressure, and washed with water. Grey solids were obtained as 

product after drying under vacuum overnight (5.711 g, 11.18 mmol, 86%). 1H NMR (300 MHz, 

CDCl3) δ 8.70 (dd, J = 7.3, 1.1 Hz, 1H), 8.63 (dd, J = 8.5, 1.1 Hz, 1H), 8.46 (d, J = 7.9 Hz, 1H), 

8.08 (d, J = 7.9 Hz, 1H), 7.88 (dd, J = 8.5, 7.3 Hz, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.25 – 7.18 

(m, 2H), 3.88 (t, J = 7.1 Hz, 2H), 2.92 (t, J = 7.1 Hz, 2H), 0.91 (s, 9H), 0.04 (s, 6H). 13C NMR 

(76 MHz, CDCl3) δ 163.86, 163.83, 139.94, 133.61, 133.13, 132.45, 131.60, 131.22, 130.83, 

130.63, 130.19, 129.39, 128.26, 128.19, 123.32, 122.44, 64.36, 39.38, 25.99, 18.39, -5.34. 

See Supplementary Fig. 8. 

 

 

Synthesis of R3 

R3 was synthesized based on the reported method.2 A 100 mL schlenk flask with a stirring bar 
was charged with R2 (0.766 g, 1.5 mmol, 1 eq.), DMAC (0.345 g, 1.65 mmol, 1.1 eq.), Pd(OAc)2 
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(0.0067 g, 0.03 mmol, 0.02 eq.), NaOtBu (0.173 g, 1.8 mmol, 1.2 eq.),  and tBu3P·HBF4 (0.026 

g, 0.09 mmol, 0.06 eq.). After drying under vacuum for 30 minutes, the flask with solids was 
flushed three times with argon and charged with dry toluene (30 mL). The reaction mixture was 
heated to 115 °C and reacted overnight. After cooling down to room temperature, the residue 
was dissolved in DCM (50 mL) and washed with water (3 x 10 mL) and brine (30 mL), dried 
over anhydrous Na2SO4 and evaporated to dryness. The product was purified by column 
chromatography on silica gel eluting with a 1:3 mixture of hexane and DCM to produce orange 
solids (0.5 g, 0.783 mmol, 52.2%). 1H NMR (300 MHz, CD2Cl2) δ 8.83 (d, J = 7.7 Hz, 1H), 8.64 
(dd, J = 7.2, 1.2 Hz, 1H), 8.07 (dd, J = 8.4, 1.2 Hz, 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.69 (dd, J = 
8.5, 7.3 Hz, 1H), 7.56 (dd, J = 7.8, 1.6 Hz, 2H), 7.48 – 7.41 (m, 2H), 7.31 – 7.24 (m, 2H), 6.96 
(td, J = 7.4, 1.3 Hz, 2H), 6.91 – 6.83 (m, 2H), 5.99 (dd, J = 8.1, 1.3 Hz, 2H), 3.93 (t, J = 6.9 Hz, 
2H), 2.95 (t, J = 6.9 Hz, 2H), 1.81 (d, J = 22.6 Hz, 6H), 0.93 (d, J = 0.8 Hz, 9H), 0.08 (d, J = 
0.8 Hz, 6H). 13C NMR (76 MHz, CD2Cl2) δ 164.03, 163.74, 144.32, 140.17, 140.13, 133.70, 
132.67, 131.94, 130.90, 130.83, 130.70, 130.19, 130.03, 130.00, 128.46, 127.99, 126.64, 
126.02, 124.02, 123.25, 121.20, 113.96, 64.23, 53.99, 39.27, 36.00, 32.53, 25.73, 18.23, -5.65. 
See Supplementary Fig. 9.  

 

 

Synthesis of R4 

A solution of N-bromosuccinimide (NBS, 0.352 g, 1.98 mmol, 2.2 eq.) in THF (5 mL) was added 

dropwisely to the solution of R3 (0.575 g, 0.90 mmol, 1 eq.) in DCM (20 mL) in a round flask 

under 0 °C ice bath. The mixture was stirred at room temperature overnight. The residue was 

dissolved in DCM (50 mL) and washed with water (3 x 10 mL) and brine (2 x 15 mL), dried 

over anhydrous Na2SO4 and evaporated to dryness. The product was purified by column 

chromatography on silica gel eluting with DCM (0.610 g, 0.76 mmol, 85%). 1H NMR (300 MHz, 

CD2Cl2) δ 8.82 (d, J = 7.7 Hz, 1H), 8.66 (dd, J = 7.3, 1.2 Hz, 1H), 7.98 (dd, J = 8.5, 1.2 Hz, 1H), 

7.83 (d, J = 7.7 Hz, 1H), 7.71 (dd, J = 8.5, 7.2 Hz, 1H), 7.64 (d, J = 2.3 Hz, 2H), 7.48 – 7.42 

(m, 2H), 7.30 – 7.24 (m, 2H), 6.99 (dd, J = 8.8, 2.3 Hz, 2H), 5.91 (d, J = 8.8 Hz, 2H), 3.94 (t, J 

= 6.9 Hz, 2H), 2.95 (t, J = 6.9 Hz, 2H), 1.79 (d, J = 28.4 Hz, 6H), 0.93 (s, 9H), 0.08 (s, 6H). 13C 

NMR (76 MHz, CD2Cl2) δ 163.89, 163.58, 143.04, 140.26, 139.02, 133.58, 132.60, 132.13, 

131.74, 130.70, 130.58, 130.23, 130.06, 129.71, 129.64, 128.85, 128.42, 128.32, 124.13, 

123.73, 115.85, 113.91, 64.21, 39.27, 36.39, 32.37, 31.51, 25.74, 18.24, 13.89, -5.63. See 

Supplementary Fig. 10. 
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Synthesis of R5 

A 100 mL schlenk flask with a stirring bar, was charged with R4 (0.518 g, 0.65 mmol, 1 eq.), 
(2-(Hydroxymethyl)phenyl)boronic acid (ortho-spacer, 0.237 g, 1.56 mmol, 2.4 eq.), Pd(PPh3)4 
(0.075 g, 0.065 mmol, 0.1 eq.), and K2CO3 (1.80 g, 13 mmol, 20 eq.). After drying under 
vacuum for 30 minutes, the flask with solids was flushed three times with argon. Degassed 
mixture of toluene (14 mL), water (7 mL), and EtOH (3.5 mL) was added to the flask. The 
mixture was heated to 85 °C and reacted for 36 hours. After cooling down to room temperature, 
the residue was diluted in DCM (50 mL) and washed with water (3 x 10 mL) and brine (30 mL), 
dried over anhydrous Na2SO4 and evaporated to dryness. The product was purified by column 
chromatography on silica gel eluting with a mixture of DCM and MeOH (from v:v = 1:0 to 100:3) 
to produce orange-red solids (0.44 g, 0.517 mmol, 79%). 1H NMR (300 MHz, CD2Cl2) δ 8.87 
(d, J = 7.7 Hz, 1H), 8.68 (dd, J = 7.3, 1.2 Hz, 1H), 8.22 (dd, J = 8.4, 1.2 Hz, 1H), 7.93 (d, J = 
7.8 Hz, 1H), 7.80 – 7.73 (m, 1H), 7.65 (d, J = 2.1 Hz, 2H), 7.53 (dd, J = 5.9, 3.1 Hz, 2H), 7.45 
(d, J = 7.9 Hz, 2H), 7.37 – 7.26 (m, 8H), 6.94 (dd, J = 8.5, 2.1 Hz, 2H), 6.09 (d, J = 8.5 Hz, 2H), 
4.62 (d, J = 5.6 Hz, 4H), 3.94 (t, J = 6.9 Hz, 2H), 2.95 (t, J = 6.9 Hz, 2H), 1.88 (d, J = 14.3 Hz, 
6H), 1.78 (t, J = 5.7 Hz, 2H), 0.94 (s, 9H), 0.08 (s, 6H). 13C NMR (76 MHz, CD2Cl2) δ 164.02, 
144.10, 141.18, 140.20, 139.24, 138.35, 133.55, 132.71, 132.06, 130.86, 130.04, 129.90, 
129.75, 128.66, 128.46, 127.64, 127.49, 127.38, 127.29, 123.41, 113.90, 64.22, 63.12, 39.27, 
36.25, 32.80, 25.73, 18.23, -5.65. See Supplementary Fig. 11. 

 

 

Synthesis of R6 

A 100 ml flask with a stirring bar was charged with R5 (0.409 g, 0.48 mmol, 1 eq.) and THF 

(20 mL). A clear red solution was obtained, and then TBAF solution (1M in THF, 1.01 mL, 1.01 

mmol, 2.1 eq.) was added dropwise into the flask. The reaction was conducted at room 

temperature for six hours. The residue was dissolved in DCM (30 mL), washed with water (3 x 

10 mL) and brine (30 mL), dried over anhydrous Na2SO4 and evaporated to dryness. The 

product was purified by column chromatography on silica gel eluting with a mixture of DCM 

and MeOH (from v:v = 1:0 to 100:3) to produce dark-red solids (0.313 g, 0.424 mmol, 88%). 
1H NMR (300 MHz, CD2Cl2) δ 8.84 (d, J = 7.7 Hz, 1H), 8.65 (d, J = 7.3 Hz, 1H), 8.20 (d, J = 

8.5 Hz, 1H), 7.91 (d, J = 7.8 Hz, 1H), 7.74 (t, J = 7.9 Hz, 1H), 7.63 (d, J = 2.1 Hz, 2H), 7.54 – 

7.48 (m, 2H), 7.45 (d, J = 7.9 Hz, 2H), 7.36 – 7.24 (m, 8H), 6.90 (dd, J = 8.5, 2.1 Hz, 2H), 6.06 

(d, J = 8.5 Hz, 2H), 4.60 (d, J = 5.4 Hz, 4H), 3.91 (q, J = 6.2 Hz, 2H), 2.95 (t, J = 6.5 Hz, 2H), 

1.90 (d, J = 6.3 Hz, 6H), 1.84 (s, 2H), 1.62 (s, 1H). 13C NMR (76 MHz, CD2Cl2) δ 164.08, 163.77, 

144.18, 141.15, 139.92, 139.23, 138.35, 133.82, 133.57, 132.79, 132.13, 130.89, 130.83, 

130.72, 130.24, 130.03, 129.89, 129.75, 128.69, 128.66, 128.21, 127.62, 127.49, 127.40, 

127.29, 124.00, 123.32, 113.89, 63.33, 63.08, 38.95, 36.25, 32.78, 32.63. See 

Supplementary Fig. 12.  
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Synthesis of red-TADF initiator 

A 100 ml flask with a stirring bar was charged with R6 (0.287 g, 0.39 mmol, 1 eq.), triethylamine 

(Et3N, 326 μL, 2.34 mmol, 6 eq.) and anhydrous DCM (15 mL) under N2. 2-bromoisobutyryl 

bromide (289 μL, 2.34 mmol, 6 eq.) was added dropwise to the solution under 0 °C ice bath. 

The mixture was stirred overnight at room temperature. The residue was dissolved in DCM (30 

mL), washed with water (3 x 15 mL) and brine (30 mL), dried over anhydrous Na2SO4 and 

evaporated to dryness. The product was purified by column chromatography on silica gel 

eluting with a mixture of hexane and DCM (from v:v = 1:2 to 1:4) to produce red solids (0.36 g, 

0.304 mmol, 78%). 1H NMR (300 MHz, CD2Cl2) δ 8.87 (d, J = 7.7 Hz, 1H), 8.74 – 8.65 (m, 1H), 

8.27 – 8.18 (m, 1H), 7.93 (d, J = 7.7 Hz, 1H), 7.81 – 7.74 (m, 1H), 7.58 (d, J = 2.1 Hz, 2H), 

7.52 (td, J = 6.6, 2.0 Hz, 4H), 7.36 (ddd, J = 15.2, 7.4, 2.3 Hz, 8H), 6.93 (dd, J = 8.4, 2.1 Hz, 

2H), 6.09 (d, J = 8.4 Hz, 2H), 5.19 (s, 4H), 4.50 (t, J = 6.8 Hz, 2H), 3.14 (t, J = 6.8 Hz, 2H), 

1.99 – 1.84 (m, 24H). 13C NMR (76 MHz, CD2Cl2) δ 171.46, 171.23, 163.98, 163.68, 144.05, 

142.06, 139.33, 138.52, 134.19, 133.27, 132.77, 132.12, 130.85, 130.79, 130.72, 130.16, 

129.95, 129.88, 129.58, 128.83, 128.52, 128.26, 127.60, 127.30, 127.17, 124.03, 123.41, 

114.03, 66.18, 66.01, 56.19, 56.05, 36.28, 34.53, 33.01, 32.73, 30.62. ESI-MS: m/z of adduct 

(M+Na)+, calcd. For C61H55Br3N2O8, 1203.1401; found, 1203.1401. See Supplementary Fig. 

13.   
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Supplementary Fig. 7: Structural characterization of R1. (A) 1H NMR and (B) 13C NMR 

spectrum in DMSO-d6.  
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Supplementary Fig. 8: Structural characterization of R2. (A) 1H NMR and (B) 13C NMR 

spectrum in CDCl3-d.  

B

b1

a1

g d c

e

e

b2
cd

b1 b2

f

f

g

h

h

i

i

a2

a1 a2

A

A

B

H

C1

E

E

A

B

C2

C1

C2

D

D

F

F

G

G
H



21 

 

 

Supplementary Fig. 9: Structural characterization of R3. (A) 1H NMR and (B) 13C NMR 

spectrum in CD2Cl2-d2.  
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Supplementary Fig. 10: Structural characterization of R4. (A) 1H NMR and (B) 13C NMR 

spectrum in CD2Cl2-d2.  
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Supplementary Fig. 11: Structural characterization of R5. (A) 1H NMR and (B) 13C NMR 

spectrum in CD2Cl2-d2.   
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Supplementary Fig. 12: Structural characterization of R6. (A) 1H NMR and (B) 13C NMR 

spectrum in CD2Cl2-d2.  
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Supplementary Fig. 13: Structural characterization of red-TADF initiator. (A) 1H NMR 

and (B) 13C NMR spectrum in CD2Cl2-d2.  
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Supplementary Note 4 | Synthetic route of blue-TADF-based initiator for ATRP 

Please see Supplementary Fig. 14.  

 

 

 

Synthesis of B1 (DMAC-DPS)  

A 100 mL two-necked flask with a stirring bar, was charged with sodium hydride (0.609 g, 25.37 

mmol, 6 eq.) and anhydrous DMF (15 mL), under argon atmosphere. Then DMAC (1.754 g, 

8,38 mmol, 2.2 eq.) was added to the solution under 0°C. After the dissolution is completed, a 

solution of 4,4'-difluorobiphenyl sulphone (0.968 g, 3.81 mmol, 1 eq.) in anhydrous DMF (10 

mL) was added dropwise under 0°C. Thereafter, the mixture was heated to 60°C and stirred 

Supplementary Fig. 14: Synthetic route of blue-TADF initiator. 
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overnight. After cooling down to room temperature, water (30 mL) was poured into the mixture 

for quenching. The crude was extracted with DCM (50 mL), washed with brine (2 x 30 mL), 

dried over anhydrous Na2SO4 and evaporated to dryness. The crude residue was precipitated 

from a THF/MeOH mixture. The resulting solid was collected via filtration, washed with MeOH, 

and dried to afford the product (1.99 g, 3.14 mmol, 83%). 1H NMR (300 MHz, CDCl3) δ 8.29 – 

8.19 (m, 4H), 7.62 – 7.54 (m, 4H), 7.52 – 7.44 (m, 4H), 7.11 – 6.93 (m, 8H), 6.42 – 6.28 (m, 

4H), 1.67 (s, 12H). 13C NMR (76 MHz, CDCl3) δ 146.85, 140.25, 139.92, 131.99, 130.59, 

130.53, 126.46, 125.41, 121.84, 115.23, 77.24, 36.28, 30.70. See Supplementary Fig. 15.  

 

 

Synthesis of B2  

A 250 mL round bottomed flask with a stirring bar, was charged with B1 (2 g, 3.16 mmol, 1 eq.) 

and anhydrous THF (15 mL). A solution of NBS (2.69 g, 15.2 mmol, 4.8 eq.) in anhydrous THF 

(15 mL) was added dropwise to the mixture under 0 °C ice bath. The mixture was stirred under 

room temperature overnight. The residue was dissolved in DCM (30 mL) with water (2 x 15 

mL), washed with brine (2 x 20 mL), dried over anhydrous Na2SO4 and evaporated to dryness. 

The crude residue was precipitated from a THF/MeOH mixture. The resulting solid was 

collected via filtration, washed with MeOH, and dried to afford the brownish pale solid product 

(2.6 g, 2.74 mmol, 87%). 1H NMR (300 MHz, CD2Cl2) δ 8.33 – 8.26 (m, 4H), 7.60 – 7.50 (m, 

8H), 7.09 (dd, J = 8.8, 2.3 Hz, 4H), 6.15 (d, J = 8.8 Hz, 4H), 1.64 (s, 12H). 13C NMR (76 MHz, 

CD2Cl2) δ 145.67, 141.13, 139.16, 132.63, 131.77, 130.97, 129.31, 128.35, 116.14, 114.08, 

36.38, 30.52. See Supplementary Fig. 16. 

 

 

Synthesis of B3  

A 100 mL schlenk flask equipped with a stirring bar, was charged with B2 (0.75 g, 0.79 mmol, 

1 eq.), 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzeneethanol (para-spacer, 0.94 g, 

3.16 mmol, 4.8 eq.), K2CO3 (2.10 g, 15.8 mmol, 20 eq.), and Pd(PPh3)4 (0.073 g, 0.063 mmol, 

0.08 eq.). After drying under vacuum for 30 minutes, the flask with solids was flushed three 
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times with argon. Degassed mixture of dioxane (40 mL) and water (10 mL) with argon bubbling 

was added to the flask. The mixture was heated to 85 °C and reacted for 36 hours. After cooling 

down to room temperature, the residue was diluted in DCM (30 mL), washed with water (2 x 

20 mL) and brine (2 x 20 mL), dried over anhydrous Na2SO4 and evaporated to dryness. The 

crude solids were dissolved in THF and filtered through a short Al2O3 column. The crude 

residue was precipitated from a THF/MeOH mixture. The resulting solid was collected via 

filtration, washed with MeOH, and dried to afford the product (0.65 g, 0.58 mmol, 73%). 1H 

NMR (300 MHz, DMSO) δ 8.39 (d, J = 8.5 Hz, 4H), 7.84 – 7.70 (m, 8H), 7.59 – 7.44 (m, 8H), 

7.34 – 7.18 (m, 12H), 6.29 (d, J = 8.5 Hz, 4H), 4.67 (s, 4H), 3.64 – 3.58 (m, 8H), 2.78 – 2.70 

(m, 8H), 1.76 (s, 12H). 13C NMR (76 MHz, DMSO) δ 140.50, 139.24, 138.57, 138.19, 133.91, 

131.94, 131.73, 131.25, 129.88, 129.37, 128.68, 126.44, 125.32, 124.45, 115.56, 62.69, 36.59, 

31.91. See Supplementary Fig. 17. 

 

 

Synthesis of blue-TADF initiator  

A 100 ml flask was equipped with a stirring bar, was charged with B3 (0.2 g, 0.179 mmol, 1 

eq.), triethylamine (Et3N, 199 μL, 1.44 mmol, 8 eq.) and anhydrous DCM (10 mL) under N2. 2-

bromoisobutyryl bromide (106 μL, 0.86 mmol, 4.8 eq.) in anhydrous DCM (2.5 mL) was added 

dropwise to the solution under 0 °C ice bath. The mixture was stirred overnight at room 

temperature. The residue was dissolved in DCM (10 mL), washed with water (2 x 10 mL) and 

brine (15 mL), dried over anhydrous Na2SO4 and evaporated to dryness. The product was 

purified by column chromatography on silica gel eluting with a 1:1 mixture of hexane and DCM 

to produce solids (0.153 g, 0.089 mmol, 50%). 1H NMR (300 MHz, CDCl3) δ 8.36 – 8.29 (m, 

4H), 7.73 – 7.61 (m, 8H), 7.53 – 7.47 (m, 8H), 7.34 – 7.26 (m, 10H), 7.24 (d, J = 2.1 Hz, 2H), 

6.40 (d, J = 8.5 Hz, 4H), 4.41 (t, J = 7.0 Hz, 8H), 3.03 (t, J = 7.0 Hz, 8H), 1.91 (s, 24H), 1.80 

(s, 12H). 13C NMR (76 MHz, CDCl3) δ 171.64, 146.63, 140.37, 139.39, 136.08, 134.41, 131.77, 

131.19, 130.73, 129.49, 126.74, 125.15, 124.35, 115.30, 77.23, 66.45, 55.82, 36.56, 34.48, 

31.32, 30.80. ESI-MS: m/z of adduct (M+Na)+, calcd. For C90H88Br4N2O10S, 1709.3702; found, 

1708.9460. See Supplementary Fig. 18.  
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Supplementary Fig. 15: Structural characterization of B1 (DMAC-DPS). (A) 1H NMR and 

(B) 13C NMR spectrum in CDCl3-d.  
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Supplementary Fig. 16: Structural characterization of B2. (A) 1H NMR and (B) 13C NMR 

spectrum in CD2Cl2-d2.  
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Supplementary Fig. 17: Structural characterization of B3. (A) 1H NMR and (B) 13C NMR 

spectrum in DMSO-d6. 
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Supplementary Fig. 18: Structural characterization of blue-TADF initiator. (A) 1H NMR 

and (B) 13C NMR spectrum in CDCl3-d. 
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Supplementary Note 5 | Synthetic route of AcryCz host monomer for ATRP 

Please see Supplementary Fig. 19.  

 

 

 

Synthesis of 2-(4-(9H-carbazol-9-yl)phenyl)ethan-1-ol3 

A 250 mL two-necked flask equipped with a stirring bar, was charged with carbazole (2.49 g, 

14.9 mmol, 1.5 eq.), K2CO3 (2.12 g, 29.8 mmol, 3 eq.), CuI (2.84 g, 14.9 mmol, 1.6 eq.) and 

1,10-Phenanthroline (0.287 g, 1.59 mmol, 0.16 eq.). After drying under vacuum for 30 minutes, 

the flask with solids was flushed three times with argon. DMF (40 mL) was then added to the 

flask. An orange suspension was formed and 4-bromophenylethyl alcohol (1.99 g, 9.95 mmol, 

1 eq.) was further added. The reaction mixture was heated to 120 °C for 24 hours, with a reflux 

condenser. After cooling down to room temperature, the residue was dissolved in DCM (100 

mL), washed with water (3 x 10 mL), dried over anhydrous Na2SO4 and evaporated to dryness. 

The product was purified by column chromatography on silica gel eluting with a 10:1 mixture 

of DCM and MeOH to produce a white solid (2.27 g, 7.89 mmol, 77.2%). 1H NMR (300 MHz, 

CDCl3) δ 8.16 (dt, J = 7.8, 1.0 Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H), 7.44 

– 7.37 (m, 4H), 7.29 (dt, J = 8.0, 4.1 Hz, 2H), 3.99 (q, J = 6.3 Hz, 2H), 3.01 (t, J = 6.5 Hz, 2H), 

1.53 (t, J = 5.8 Hz, 1H). 13C NMR (76 MHz, CDCl3) δ 140.94, 130.47, 127.23, 125.91, 123.33, 

120.31, 119.87, 109.80, 77.26 (d, J = 32.0 Hz), 76.62, 63.59, 38.89. See Supplementary Fig. 

20. 

 

 

Synthesis of ACz monomer 

Supplementary Fig. 19: Synthetic route of AcryCz host monomer. 
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A 100 mL round flask equipped with a stirring bar, was charged with 2-(4-(9H-carbazol-9-

yl)phenyl)ethan-1-ol (1.802 g, 6.26 mmol, 1 eq.) and dried under high vacuum for 30 min. Then, 

dry DCM (40 mL) were added to the flask, followed by Et3N (1.75 mL, 12.5 mmol, 2 eq.). Then 

acryloyl chloride (0.7 mL, 7.5 mmol, 1.2 eq.) was added to the solution dropwise under N2. The 

solution was stirred at room temperature overnight. The mixture was diluted in DCM (30 mL), 

washed with water (3 x 10 mL) and brine (50 mL), dried over anhydrous Na2SO4 and 

evaporated to give a crude. The product was purified by column chromatography on silica gel 

eluting with a 1:1 mixture of hexane and DCM to produce a white solid. The product was 

recrystallized in MeOH to afford as white crystals (1.84 g, 5.38 mmol, 86%). 1H NMR (300 MHz, 

CDCl3) δ 8.15 (dt, J = 7.7, 1.0 Hz, 2H), 7.56 – 7.45 (m, 4H), 7.45 – 7.37 (m, 4H), 7.36 – 7.23 

(m, 2H), 6.45 (dd, J = 17.3, 1.5 Hz, 1H), 6.18 (dd, J = 17.3, 10.4 Hz, 1H), 5.87 (dd, J = 10.4, 

1.5 Hz, 1H), 4.49 (t, J = 7.0 Hz, 2H), 3.13 (t, J = 7.0 Hz, 2H). 13C NMR (76 MHz, CDCl3) δ 

140.94, 130.96, 130.38, 128.43, 127.21, 125.92, 123.34, 120.30, 119.88, 109.77, 77.25 (d, J 

= 31.9 Hz), 76.62, 64.83, 34.83. ESI-MS: m/z of adduct (M+H)+, calcd. For C23H19NO2, 

342.1489; found, 342.1481. See Supplementary Fig. 21.  
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Supplementary Fig. 20: Structural characterization of 2-(4-(9H-carbazol-9-

yl)phenyl)ethan-1-ol. (A) 1H NMR and (B) 13C NMR spectrum in CDCl3-d.  
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Supplementary Fig. 21: Structural characterization of ACz monomer. (A) 1H NMR and 

(B) 13C NMR spectrum in CDCl3-d.  
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Supplementary Note 6 | Synthetic route of cinnamyl photocrosslinkable monomer for 

ATRP 

Please see Supplementary Fig. 22.  

 

 

 

Synthesis of MAc 

A dry 100 mL round flask equipped with a stirring bar, was charged with cinnamoyl chloride (3 

g, 18 mmol, 1 eq.), dry DCM (15 mL), and Et3N (2.76 mL, 19.81 mmol, 1.1 eq.) under N2. 2-

hydroxyethyl methacrylate (2.343 g, 18.01 mmol, 1 eq.) was added slowly dropwise to the 

above solution by needle. The solution was stirred at room temperature overnight. The mixture 

was washed with brine (3 x 20 mL), dried over anhydrous Na2SO4 and evaporated to give a 

crude liquid?. The product was purified by column chromatography on silica gel eluting with a 

1:4 mixture of hexane and DCM to produce a yellowish oil. (2.32 g, 8.91 mmol, 49%) 

Additionally, 4-methoxyphenol (2 mg, 0.016 mmol, 0.1 wt%) in hexane (185 μL) were added to 

the product oil as the radical inhibitor to prevent premature crosslinking. 1H NMR (300 MHz, 

DMSO) δ 7.76 – 7.62 (m, 3H), 7.47 – 7.35 (m, 3H), 6.66 (d, J = 16.0 Hz, 1H), 6.04 (s, 1H), 5.68 

(s, 1H), 4.49 – 4.31 (m, 4H), 1.87 (s, 3H). 13C NMR (76 MHz, DMSO) δ 166.88, 166.55, 145.45, 

136.09, 134.38, 131.03, 129.38, 128.88, 126.55, 118.09, 63.01, 62.43, 40.81, 40.53, 40.26, 

39.98, 39.70, 39.42, 39.14, 18.38. ESI-MS: m/z of adduct (M+Na)+, calcd. For C15H16O4, 

283.0941; found, 283.0938. See Supplementary Fig. 23.  

  

Supplementary Fig. 22: Synthetic route of Methacrylate cinnamyl photocrosslinkable 

monomer (MAc). 
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Supplementary Fig. 23: Structural characterization of MAc monomer. (A) 1H NMR and 

(B) 13C NMR spectrum in DMSO-d6. 
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Supplementary Note 7 | NMR characterization of green-, red-, and blue-emitting self-

hosted TADF polymers with different degree of polymerization (DP) 

Please see Supplementary Figs. 24, 25, and 26.  

 

Supplementary Fig. 24: DP quantification of green-emitting self-hosted TADF polymers. 

(A) Chemical structure of the green-emitting self-hosted TADF polymers (G-ortho-Ps) with 

proton peaks marked for DPACz quantification (B) Stacked 1H NMR spectra with different DPACz 

in CD2Cl2-d2.  
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Supplementary Fig. 25: DP quantification of red-emitting self-hosted TADF polymers. (A) 

Chemical structure of the red-emitting self-hosted TADF polymers (R-ortho-Ps) with the proton 

peaks marked for DPACz quantification (B) Stacked 1H NMR spectra with different DPACz in 

CD2Cl2-d2.  
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Supplementary Fig. 26: DP quantification of blue-emitting self-hosted TADF polymers. 

(A) Chemical structure of the blue-emitting self-hosted TADF polymers (B-para-Ps) with the 

proton peaks marked for DPACz quantification (B) Stacked 1H NMR spectra with different DPACz 

in CD2Cl2-d2.  
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Supplementary Note 8 | NMR characterization of the green-, red-, and blue-emitting 

self-hosted TADF polymers before and after end group de-activation 

Please see Supplementary Fig. 27, 28 , and 29.  

 

Supplementary Fig. 27: 1H NMR spectra comparison of the selected green-emitting self-

hosted TADF polymers before and after end group de-activation. (A) Chemical structure 

of the green-emitting self-hosted TADF polymers before (G-ortho-P-Br) and after (G-ortho-P-

deBr) end group de-activation (B) Stacked 1H NMR spectra in CD2Cl2-d2.  
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Supplementary Fig. 28: 1H NMR spectra comparison of the selected red-emitting self-

hosted TADF polymers before and after end group de-activation. (A) Chemical structure 

of the red-emitting self-hosted TADF polymers before (R-ortho-P-Br) and after (R-ortho-P-

deBr) end group de-activation (B) Stacked 1H NMR spectra in CD2Cl2-d2.  
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Supplementary Fig. 29: 1H NMR spectra comparison of the selected blue-emitting self-

hosted TADF polymers before and after end group de-activation. (A) Chemical structure 

of the blue-emitting self-hosted TADF polymers before (B-para-P-Br) and after (B-para-P-

deBr) end group de-activation (B) Stacked 1H NMR spectra in CD2Cl2-d2.  
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Supplementary Note 9 | NMR characterization of the green-, red-, and blue-emitting 

ELPR polymers before and after end group de-activation 

Please see Supplementary Fig. 30, 31, and 32.  

 

Supplementary Fig. 30: 1H NMR spectra of the selected green-emitting ELPR polymers 

before/after end group de-activation. (A) Chemical structure of the selected green-emitting 

ELPR polymers before (G-ortho-ELPR-Br) and after (G-ortho-ELPR-deBr) end group de-

activation with the proton peaks marked for DPMAc quantification (B) Stacked 1H NMR spectra 

in CD2Cl2-d2.  
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Supplementary Fig. 31: 1H NMR spectra of the selected red-emitting ELPR polymers 

before and after end group de-activation. (A) Chemical structure of the selected red-emitting 

ELPR polymers before (R-ortho-ELPR-Br) and after (R-ortho-ELPR-deBr) end group de-

activation with the proton peaks marked for DPMAc quantification (B) Stacked 1H NMR spectra 

in CD2Cl2-d2.  
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Supplementary Fig. 32: 1H NMR spectra of the selected blue-emitting ELPR polymers 

before and after end group de-activation. (A) Chemical structure of the selected blue-

emitting ELPR polymers before (B-para-ELPR-Br) and after (B-para-ELPR-deBr) end group 

de-activation with the proton peaks marked for DPMAc quantification (B) Stacked 1H NMR 

spectra in CD2Cl2-d2.  
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Supplementary Note 10 | NMR characterization of the green-, red-, and blue-emitting E-

beam patternable polymers before and after end group de-activation 

Please see Supplementary Fig.33, 35, and 35.  

 

Supplementary Fig. 33: 1H NMR spectra of the selected green-emitting E-beam 

patternable TADF polymers before and after end group de-activation. (A) Chemical 

structure of the selected green-emitting E-beam patternable polymers before (G-ortho-ELPR-

Br) and after (G-ortho-ELPR-deBr) end group de-activation with the proton peaks marked for 

DPMAl quantification (B) Stacked 1H NMR spectra in CD2Cl2-d2.  
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Supplementary Fig. 34: 1H NMR spectra of the selected red-emitting E-beam patternable 

TADF polymers before and after end group de-activation. (A) Chemical structure of the 

selected red-emitting E-beam patternable polymers before (R-ortho-ELPR) and after (R-

ortho-ELPR) end group de-activation with the proton peaks marked for DPMAl quantification 

(B) Stacked 1H NMR spectra in CD2Cl2-d2.  
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Supplementary Fig. 35: 1H NMR spectra of the selected blue-emitting E-beam 

patternable TADF polymers before/after end group de-activation. (A) Chemical structure 

of the selected blue-emitting E-beam patternable polymers before (B-para-ELPR-Br) and after 

(B-para-ELPR-deBr) end group de-activation with the proton peaks marked for DPMAl 

quantification (B) Stacked 1H NMR spectra in CD2Cl2-d2.  
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Supplementary Note 11 | Host monomer engineering for self-hosted G-ortho-Ps  

Please see Supplementary Fig. 36.  

  

Supplementary Fig. 36: Host monomer engineering for G-ortho-Ps synthesized with 

host monomers bearing different aromatic moieties and their OLED performance. (A) 

OLED device architecture where G-ortho-P was used as EML. (B) Chemical structure of G-

ortho-Ps based on 4 different host monomers, where the weight doping ratio of emitter-to-host 

within G-ortho-Ps was tuned to be roughly the same (13~15 wt%). (C) Luminance and current 

density versus voltage curves of 4 self-hosted polymers. (D) EQE versus luminance curves. 

The P1 (G-ortho-P decorated with pendent ACz monomers) shows the highest performance 

in OLED. All the polymers were debrominated for OLED fabrication. Note the device structure 

is different from the set-up which is optimized in a later stage, so the EQE values are much 

lower. 
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Supplementary Table 1 | Summary of OLED performance for host engineering 

  

Luminancemax.

(cd m-2)

Current densitymax., 100 cd m
 2  

(mA m-2)

E Emax., 100 cd m
-2  

( )

Doping ratio 

(wt.  )

Host monomer

(DPa)

2590166.2, 0.85.3, 4.913
ACz

(DPACz = 20)
P1

297131.5, 4.03.4, 0.913
ADmac

(DPACz = 18)
P2

1919184.9, 2.41.8, 1.715
AmCP

(DPAmCP = 10)
P3

1074200.7, 2.81.8, 1.615
AmCPCN

(DPAmCPCN = 9)
P4

a. DP was determined by 1H-NMR.  . Doping ratio is calculated from the weight percentage ratio of the emitting initiator to 

the installed host monomers.  . max. EQE and EQE at 100 cd m-2. d. Max. current density and current density at 100 cd m-

2. Note the device structure is different from the set -up which is optimized in a later stage, so the EQEs are much lower.



53 

 

Supplementary Note 12 | Size-Exclusion Chromatography (SEC) curves of selected 

TADF polymers 

Please see Supplementary Fig. 37. 

 

Supplementary Fig. 37: SEC curves of selected self-hosted TADF polymers and ELPRs. 

(A) SEC spectra of R-ortho-Ps with different DPAcz (B) SEC spectra of R-ortho-P (DPACz = 42) 

and R-ortho-ELPR (DPACz = 42, DPMAc = 9, before end group de-activation) (C) SEC spectra 

of B-para-Ps with different DPAcz (D) SEC spectra of G-ortho-P (DPACz = 45) and G-ortho-

ELPR (DPACz = 45, DPMAc = 12) 
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Supplementary Table 2 | SEC data of selected TADF polymers.  

 

  

  
Mw, SEC

 

    o    

Mn, SEC
 

    o    

Mn, NMR
a

    o    

Doping ratio 

(wt.  )
DPa

End group 

de-activation 
Polymers

1.1657214907785515.0DPACz = 20N

G-ortho-P

1.2161025058956212.0DPACz = 25N

1.2083876980129768.6DPACz = 35N

1.25102288175163906.7DPACz = 45N

1.241651911943232184.6DPACz = 65N

1.652242213603195136.7
DPACz = 45,

DPMAc = 12
N

G-ortho-ELPR

1.672231913389193566.7
DPACz = 45,

DPMAc = 12
Y

1.1941763512425638.5DPACz = 9N

R-ortho-P
1.2463855125698720.4DPACz = 17N

1.1977796522903615.1DPACz = 23N

1.22123879407155158.3DPACz = 42N

1.802324812916177398.3
DPACz = 42,

DPMAc = 9
N

R-ortho-ELPR

1.922243011679175028.3
DPACz = 42,

DPMAc = 9
Y

1.1113174118301195516.730N
B-para-P

1.0915636142951878310.050N

a. DP and Mn, NMR are determined by H-NMR.  . Doping ratio is calculated from the weight percentage ratio of the emitting 

initiator to the installed host monomers.   Mn, SEC, Mw, SEC, and polydispersity index (  are determined by SEC measurement

with poly(methyl methacrylate) standards.
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Supplementary Note 13 | Lifetime decay curves 

Please see Supplementary Figs.38-43 and Table 3-5.  

 

Supplementary Fig. 38: TRPL spectra of green-emitting TADF polymers coated on 

quartz substrates measured at various temperature from 77 to 295 K. (A) G-ortho-P-Br 

(DPACz = 45, before end-group de-activation) (B) G-ortho-P-deBr (DPACz = 45, after end-group 

de-activation) (C) G-ortho-ELPR-deBr (DPACz = 45, DPMAc = 12) 
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Supplementary Fig. 39: TRPL spectra of green-emitting TADF polymers dissolved in 

toluene measured at room temperature w/o or w/ argon degassing. (A) G-ortho-P-Br 

(DPACz = 45, before end-group de-activation) (B) G-ortho-P-deBr (DPACz = 45) (C) G-ortho-

ELPR-deBr (DPACz = 45, DPMAc = 12) 
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Supplementary Fig. 40: TRPL spectra of red- and blue-emitting polymers coated on 

quartz substrates measured at various temperature from 77 to 295 K. (A) R-ortho-P-deBr 

(DPACz = 42) (B) R-ortho-ELPR-deBr (DPACz = 42; DPMAc = 9) (C) B-para-P-deBr (DPACz = 50) 

(D) B-para-ELPR-deBr (DPACz = 50; DPMAc = 7,)  
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Supplementary Fig. 41: TRPL spectra of red- and blue-emitting TADF polymers 

dissolved in toluene measured at room temperature w/o or w/ argon degassing. (A) R-

ortho-P-deBr (DPACz = 42, after end-group de-activation) (B) R-ortho-ELPR-deBr (DPACz = 

42; DPMAc = 9, after end group de-activation) (C) B-para-P-deBr (DPACz = 50, after end group 

de-activation) (D) B-para-ELPR-deBr (DPACz = 50; DPMAc = 7, after end group de-activation) 
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Supplementary Fig. 42: Thin film TRPL spectra of green-emitting self-hosted TADF 

polymer before (G-ortho-P-Br) and after (G-ortho-P-deBr) end group de-activation with 

DPACz = 45 measured at room temperature.  
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Supplementary Fig. 43: Logarithmic scale thin film TRPL spectra of G-ortho-ELPR (A, 

DPACz = 45, DPMAc = 12) and R-ortho-ELPR (B, DPACz = 42, DPMAc = 9) measured at room 

temperature.  
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Supplementary Table 3 | Exciton lifetimes of selected TADF polymers in toluene 

solution with/without argon degassing 

 

 

  

 DF
 ( s) PF

 (ns) avg
 ( s)  (-)

Argon

degassing 

End group 

de-activation 

Polymers

(DPa)

0.18119.10.0290.979NN

G-ortho-P

(DPACz = 45)

1.84027.40.7561.060YN

0.18420.40.3921.142NY

2.11127.11.0201.020YY

0.11519.10.0251.349NN

G-ortho-ELPR

(DPACz = 45, DPMAc = 12)

0.73626.70.1521.000YN

0.11517.80.0221.024NY

1.19627.60.3011.103YY

0.53515.80.1431.179NY
R-ortho-P

(DPACz = 42)
1.08820.10.5741.184YY

0.53216.80.1471.117NY
R-ortho-ELPR

(DPACz = 42, DPMAc = 9)
0.93219.70.4531.044YY

0.06810.60.0110.997NY
B-para-P

(DPACz = 50)
0.16913.20.0161.035YY

0.04210.50.0111.001NY
B-para-ELPR

(DPACz = 50, DPMAc = 7)
0.05712.40.0131.007YY

a. DP was determined by 1H-NMR.  . Fitting parameter  for bi-exponential function fitting.  . Average lifetime. 

d. Prompt fluorescence lifetime. e. Delayed fluorescence lifetime. All the lifetimes ( avg,  PF, and   DF) are

determined from dissolved polymer samples in toluene using a Hamamatsu Quantaurus-Tau Fluorescence

Lifetime Spectrometer.
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Supplementary Table 4 | Exciton lifetimes of selected TADF polymer thin films coated 

on quartz substrates measured at room temperature 

 

 

 

  

 DF
 ( s) PF

 (ns) avg
 ( s)  (-)

   

crosslinking 

End group 

de-activation 

Polymers

(DPa)

1.60524.1280.4191.031-N
G-ortho-P

(DPACz = 45)
1.26219.6860.2020.997-Y

0.70020.2470.0720.990NY
G-ortho-ELPR

(DPACz = 45, DPMAc = 12)
0.60017.0610.0650.995YY

5.93817.9693.1251.094-Y
R-ortho-P

(DPACz = 42)

3.87716.1121.5621.077NY
R-ortho-ELPR

(DPACz = 42, DPMAc = 9)

2.19212.0990.8520.995-Y
B-para-P

(DPACz = 50)

0.08910.4420.0110.937NY
B-para-ELPR

(DPACz = 50, DPMAc = 7)

a. DP was determined by 1H-NMR.  . Fitting parameter  for bi-exponential function fitting.  . Average 

lifetime. d. Prompt fluorescence lifetime. e. Delayed fluorescence lifetime. All the lifetimes ( avg,  PF, and   DF) 

are determined from spin-coated polymer thin film samples using a Hamamatsu Quantaurus-Tau 

Fluorescence Lifetime Spectrometer.
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Supplementary Table 5 | Linker engineering for finely tuning emission properties of 

the green-emitting TADF polymers.  

 

 

  

F HM (nm) film
 ( )Emission peak (nm)

10640543TADF-ortho-2OH

10939561TADF-  ta-2OH

11721565TADF-para-2OH

8930512ortho-initiator

9521536  ta-initiator

9622539para-initiator

8474505 
G-ortho-P-Br

(DPACz = 20)a

9171519
G-  ta-P-Br

(DPACz = 20)a

9148522
G-para-P-Br

(DPACz = 20)a

a. DP was determined by 1H-NMR. 

 .  film is measured on quartz substrate under atmosphere condition excited by 320 nm laser.
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Supplementary Note 14 | Absolute thin-film PL Ys histograms of self-hosted TADF 

polymers, ELPRs before and after    crosslinking measured under nitrogen 

atmosphere. 

 

Please see Supplementary Fig. 44 and Table 6.  

 

Supplementary Fig. 44: Absolute thin-film PL Ys histograms of self-hosted TADF 

polymers and ELPRs before and after    crosslinking under nitrogen atmosphere. Self-

hosted TADF polymers after end-group de-activation: R-ortho-P (DPACz = 42), G-ortho-P 

(DPACz = 45), and B-para-P (DPACz = 50); ELPRs: R-ortho-ELPR (DPACz = 42, DPMAc = 9), G-

ortho-ELPR (DPACz = 45, DPMAc = 12), and B-para-ELPR (DPACz = 50, DPMAc = 12) 
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Supplementary Table 6 | Summary of photophysical data of selected polymer thin 

films 

  

F HM (nm) film ( ) film (nm)
   

crosslinking  

Measured under 

air or nitrogen 

End group 

de-activation  
Polymers

(DPa)

8772500-AirN

G-ortho-P

(DPACz = 45)
8672498-AirY

8781500-NitrogenY

8636491NAirN

G-ortho-ELPR

(DPACz = 45, DPMAc = 12)

8838491YAirN

8639490NNitrogenN

8534494NAirY

8937493YAirY

8738489NNitrogenY

8744490YNitrogenY

11331600-NitrogenY
R-ortho-P

(DPACz = 42)

11124598NNitrogenN

R-ortho-ELPR

(DPACz = 42, DPMAc = 9)
11425592NNitrogenY

11226595YNitrogenY

8230482-NitrogenY
B-para-P

(DPACz = 50)

8014480NNitrogenY
B-para-ELPR

(DPACz = 50, DPMAc = 7)
8517479YNitrogenY

a. DP was determined by 1H-NMR.  . Y: End capping C-Br groups are debrominated. N: without end group de-activation  .

7000 mJ cm-2 of 365 nm UV is exposed to film sample for enough UV crosslinking.
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Supplementary Note 15 | Mass data analysis of selected TADF polymers 

 

Please see Supplementary Fig. 45-49.  

 

Supplementary Fig. 45: MALDI-TOF mass spectra of the selected red-emitting self-

hosted TADF polymers before and after end group de-activation. (A) The overview 

MALDI-TOF mass spectra of red-emitting self-hosted polymers (DPACz = 42) before (R-ortho-

P-Br) and after (R-ortho-P-deBr) end group de-activation. (B) The zoom-in MALDI-TOF mass 

spectra with the marked mass peaks. The three-armed R-ortho-P-Br bearing dormant 

bromides shows the debromination effect triggered by MALDI-laser, so there are four 

segregated peaks, where each two neighboring peaks are separated by roughly one Br atomic 

weight of 79.9. In contrast, the R-ortho-P-deBr doesn’t have these peak patterns, proving the 

successful end group debromination. 

 

 

  

15950.68 16291.37

16029.93

16108.36

16371.29

16450.07

Br= -

Br= -

341.36

ACz monomer

A B

n = 45
n = 4416030.31 = 1180.15(initiator with three Br) 

+ 341.14(AcryCz) x 44 

 80.5(HBr) x 2 

+ H+ (adduct cation)

16529.1116187.52

Br= -Before de-activation

After de-activation
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Supplementary Fig. 46: MALDI-TOF mass spectra of the selected blue-emitting self-

hosted TADF polymers before and after end group de-activation. (A) The overview 

MALDI-TOF mass spectra of blue-emitting self-hosted polymers (DPACz = 60) before (B-para-

P-Br) and after (B-para-P-deBr) end group de-activation. (B) The zoom-in MALDI-TOF mass 

spectra with the marked mass peaks. The four-armed B-para-P-Br bearing dormant bromides 

shows the debromination effect triggered by MALDI-laser, so there are five segregated peaks, 

where each two neighboring peaks are separated by roughly one Br atomic weight of 79.9. In 

contrast, the B-para-P-deBr doesn’t have these peak patterns, proving the successful end 

group debromination. 

 

  

A B
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14245.13

14325.24

14086.38
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Supplementary Fig. 47: MALDI-TOF mass spectra of the selected G-ortho-ELPRs before 

and after end group de-activation. (A) The overview MALDI-TOF mass spectra of green-

emitting ELPRs before (G-ortho-ELPR-Br) and after (G-ortho-ELPR-deBr) end group de-

activation. Both of them have the same doping ratio and monomer DPs (DPACz = 45, DPMAc = 

12). (B) The zoom-in MALDI-TOF mass spectra with the marked mass peaks. 
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Supplementary Fig. 48: MALDI-TOF mass spectra of the selected R-ortho-ELPRs before 

and after end group de-activation. (A) The overview MALDI-TOF mass spectra of red-

emitting ELPRs before (R-ortho-ELPR-Br) and after (R-ortho-ELPRs-deBr) end group de-

activation. Both have the same doping ratio and monomer DPs (DPACz = 42, DPMAc = 9). (B) 

The zoom-in MALDI-TOF mass spectra with the marked mass peaks.  
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Supplementary Fig. 49: MALDI-TOF mass spectra of the selected B-para-ELPRs before 

and after end group de-activation. (A) The overview MALDI-TOF mass spectra of blue-

emitting ELPRs before (B-para-ELPR-Br) and after (B-para-ELPRs-deBr) end group de-

activation. Both have the same doping ratio and monomer DPs (DPACz = 50, DPMAc = 7). (B) 

The zoom-in MALDI-TOF mass spectra with the marked mass peaks. 
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Supplementary Note 16 | Electrochemical characterization 

Please see Supplementary Fig.50 and Table 7. 

 

Supplementary Fig. 50: (A) CV characterization of G-ortho-P-Br (DPACz = 45) before end 

group de-activation (B) CV characterization of G-ortho-P-deBr (DPACz = 45) after end group 

de-activation 

 

Supplementary Table 7 | Electrochemical characterization data of G-ortho-P before and 

after end group de-activation 

 

  

A B

G-ortho-P-Br G-ortho-P-deBr

E vs Fc+/Fc (V) E vs Fc+/Fc (V)

L MO (e )  
  
(e ) film (nm)HOMO (e )(e )

End group 

de-activation 

Polymer

(DPa)

3.482.485005.961.16N
G-ortho-P

(DPACz = 45)
3.522.494986.011.20Y

a. DP was determined by 1H-NMR.  . HOMO level is calculated from the oxidation half-wave potential.  . 

is calculated from . d. LUMO level is calculated from HOMO - . 
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Supplementary Note 17 | Thermal stability characterization of G-ortho-P-deBr 

 

Please see Supplementary Fig. 51.  

 

Supplementary Fig. 51: TGA analysis of G-ortho-P-deBr (DPACz = 45) after end group de-

activation. The thermal stability of G-ortho-P-deBr was determined by the 5% weight loss at 

the heating temperature of 350 °C. 

  

5% wt. loss at 350°C 



73 

 

Supplementary Note 18 | OLED current efficiency enhancement of green-emitting self-

hosted TADF polymer after end-group deactivation. 

 

Please see Supplementary Fig. 52.  

 

Supplementary Fig. 52: OLED current efficiency enhancement of green-emitting self-

hosted TADF polymer before and after end-group deactivation. Self-hosted TADF polymer 

before (G-ortho-P-Br) and after (G-ortho-P-deBr) end-group de-activation with DPACz = 45. 
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Supplementary Note 19 | Operational stability performance of green-emitting self-

hosted TADF polymer and ELPR with different device architecture. 

 

Please see Supplementary Fig. 53.  

 

 

Supp    ntary Fi . 53: OLED operational stability lifetime study of green-emitting self-

hosted G-ortho-P-deBr and G-ortho-ELPR before dialysis treatment at a constant 

current density of 1 mA cm-2. To investigate the potential of our ELPR platform, half solution 

processed and half evaporated devices with the following architecture were fabricated: ITO 

(50 nm); HTL; polymeric EML; TmPyPB (ETL , 50 nm); Liq (1.5 nm); Al (100 nm), where either 

(A) self-hosted precursor G-ortho-P-deBr or (B) photo-patternable G-ortho-ELPR (UV 

crosslinked) as EML was deposited under different HTL layers (PEDOT:PSS only, 

PEDOT:PSS/PTAA, or PTAA only) in order to improve their LT50  lifetime. With the sole PTAA 

as HTL underneath G-ortho-ELPR, this device architecture exhibited the longest LT50 of ~70 

minutes and with merely ~4% drop compared to G-ortho-P-deBr. These results showed that 

the lifetime is highly dependent on the device architecture optimization, and the operational 

lifetime is relatively immune from the crosslinker integration and the subsequent UV 

crosslinking in our ELPR system. 
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Supplementary Note 20 | Extraction of photophysical kinetic parameters for green-

emitting TADF polymers 

 

Please see Supplementary Fig.54 and Table 8.  

 

Supplementary Fig. 54: TRPL responses for the synthesized green-emitting TADF 

polymers dissolved in toluene measured at room temperature. (A) G-ortho-P-Br (DPACz 

= 45, before end-group de-activation), (B) G-ortho-P-deBr (DPACz = 45, after end-group de-

activation), (C) G-ortho-ELPR-Br (DPACz = 45, DPMAc = 12), (D) G-ortho-ELPR-deBr (DPACz 

= 45, DPMAc = 12). 
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Supplementary Table 8 | Extracted photophysical characteristics for the green-

emitting TADF polymers dissolved toluene solution (0.1 mM).. 

 

  

G-ortho-ELPR

(DPACz = 45, 

DPMAc = 12)

G-ortho-P

(DPACz = 45)
Polymers (DPa)

YNYN
End group 

de-activation?

520519521520PL
b (nm)

28.027.527.627.1c (ns)

0.981.142.172.04(μs)

46508367tot
e (%)

11111211PF
f (%)

35397156DF
g (%)

3.57×1073.64×1073.62×1073.69×107kPF
h (s-1)

1.02×1068.75×1054.61×1054.90×105kDF
h (s-1)

3.93×1064.00×1064.35×1064.06×106(s-1)

6.18×1054.92×1058.91×1041.82×105(s-1)

3.64×1063.49×1063.10×1062.80×106kRISC
h (s-1)

3.18×1073.24×1073.19×1073.28×107kISC
h (s-1)

a. DP was determined by 1H-NMR. b. emission peak. c. is prompt fluorescence lifetime measured after oxygen

bubbling. d. is delayed fluorescence lifetime measured after argon degassing. e. tot is solution PLQY measured after

argon degassing. f. PF is PLQY prompt component measured after oxygen bubbling. g. DF is PLQY delayed component

calculated by DF = tot - PF. All the lifetimes ( and ) are determined from dissolved polymer samples in toluene

using a Hamamatsu Quantaurus-Tau Fluorescence Lifetime Spectrometer. h. various rate constants were estimated

using Goushi and Masui method Ref.#15-16.
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Supplementary Note 21 | Reliability and reproducibility characterization 

 

Please see Supplementary Figs. 55-58.  

 

Supplementary Fig. 55: Independent cross-check of the G-ortho-P-deBr OLED 

performance using a calibrated PR655 spectroradiometer. The EQE–current density curve 

shows a maximum EQE of 30.6% and still exhibit the characteristic double-peak behavior, with 

multiple EQE data points exceeding 20%. 
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Supplementary Fig. 56: Current density-voltage (A) and E E-voltage (B) curves of the 

G-ortho-P-deBr OLED measured by sweeping the voltage from −1   to 10   to avoid 

in-built charge accumulation. Before turn-on (below 3 V), the device exhibits a low leakage 

current density of < 10-4 mA cm-2, and a maximum EQE exceeding 30% is still reproducibly 

recorded. 
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Supplementary Fig. 57: Four consecutive J–  scans of the G-ortho-P-deBr OLED 

measured by sweeping the voltage from −1   to 10  . The scans overlap closely over both 

the negative and positive voltage ranges, with only modest fluctuations between repeats. 
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Supplementary Fig. 58: Forward and reverse J V curves of the G-ortho-P-deBr OLED 

measured by sweeping the voltage from −5   to 7   for forward scan and from 7   to -5 

  for reverse scan. The nearly overlap behavior in both scan directions confirm stable 

charge-transport behavior under directional biasing. 
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Supplementary Note 22 | Microscopic characterization 

 

Optical micrograph please see Supplementary Fig. 59. AFM images please see 

Supplementary Figs. 60 and 61.  

 

 

Supplementary Fig. 59: EL image of the G-ortho-P-deBr OLED device operated under 5 

 . Device architecture: ITO/PEDOT:PSS (CH 8000)/G-ortho-P-deBr/TmPyPB/Liq/Al. Scale bar: 

25 μm. 
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Supplementary Fig. 60: AFM  NM characterization images of G-ortho-P-Br (from A to C) 

and G-ortho-P-deBr (from D to F) thin films. (A, D) Height channel images, (B, E) DMT 

modulus images, (C, F) Adhesion channel images. 
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Supplementary Fig. 61: AFM  NM characterization images of R-ortho-ELPR thin films 

at different photolithography process stages (before    exposure; from A to C), (after 

   exposure; from D to F), (after development; from G to I). (A, D, G) Height channel 

images, (B, E, H) DMT modulus images, (C, F) Adhesion channel images. 

  

D E

R-ortho-ELPR (after   )

RMS: 0.683 nm

0 nm

4.7 nm

200 MPa

601 MPa

A B

R-ortho-ELPR (before   )

RMS: 0.643 nm

0 nm

4.6 nm

224 MPa

689 MPa

G H

R-ortho-ELPR (after develop)

RMS: 0.357 nm

0 nm

2.5 nm

266 MPa

621 MPa

C

F

I

3.1 nN

4.0 nN

2.5 nN

3.5 nN

2.6 nN

3.5 nN



84 

 

Supplementary Note 23 |  uantification of copper residue within TADF polymer 

inherited from ATRP synthesis 

 

Please see Supplementary Fig.62 and Table 9.  

 

Supplementary Fig. 62: Calibration curve of copper standards used for ICP-OES 

measurement.   

Cu calibration curve for ICP-OES

y = 2657.11x +87.91

R2 = 0.9999
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Supplementary Table 9 |  uantification of copper residue concentration in the G-ortho-

P-deBr polymer sample before and after dialysis. 

 

  

After dialysisBefore dialysisG-ortho-P-deBr

251.96407.36
Cu line intensity

at 327 nm (a.u.)

0.060.12
Detected Cu conc. 

(ppm; mg/L)

0.0150.015
 olume of the diluted 

sample (L)

0.0010.002
Cu mass in the diluted 

sample (mg)

64.166.5
Digested polymer mass 

(mg)

14.4527.12
Cu conc. in polymer 

sample (ppm)
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Supplementary Note 24 | Optimized operational stability lifetime by dialysis treatment 

and device optimization 

 

Please see Supplementary Fig. 63.  

 

Supplementary Fig. 63: Operational stability of OLED devices. (A) Control device architecture 

of ITO/PTAA/G-ortho-P-deBr before dialysis/TmPyPB/Liq/Al. Optimal device with a layer 

sequence of ITO/v-NPB/G-ortho-P-deBr/TPBi/Liq/Al consisting green-emitting self-hosted G-

ortho-P-deBr TADF polymer emission layer (B) before and (C) after dialysis purification to 

reduce copper residue inherited from ATRP synthesis. (D) non-crosslinked G-ortho-ELPR after 

dialysis as EML in optimal device.      
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Supplementary Note 25 | OLED devices optimized for high brightness and high current 

density 

 

Please see Supplementary Figs. 64-67.  

 

Supplementary Fig. 64: Luminance–voltage (A) and current density-voltage (B) 

characteristics of the OLED device employing G-ortho-P-deBr as EML. Device 

architecture: ITO/PEDOT:PSS (Al 4083)/v-NPB/G-ortho-P-deBr/TPBi/Liq/Al. The device can 

be operated to the high brightness and high current density regions with the max. luminance 

of 8105 cd m-2 and the max. current density of 360 mA cm-2.  
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Max. luminance 

= 8105 cd/m2

Max. current density 

= 360 mA cm -2

A B
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Supplementary Fig. 65: Operational stability of OLED devices consisting green-emitting 

self-hosted G-ortho-P-deBr TADF polymer operated under 10 mA cm-2. Device 

architectures: ITO/v-NPB/G-ortho-P-deBr/TPBi/Liq/Al (black dots) and ITO/NiOx/PVK/G-ortho-

P-deBr/TmPyPB/Liq/Al (red dots).    
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Supplementary Fig. 66: Luminance–voltage characteristic of the OLED device 

employing G-ortho-P-ELPR as EML. Device architecture: ITO/PEDOT:PSS (AI 

4083)/PVK/EML/TmPyPB/Liq/Al. 
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Supplementary Fig. 67: Luminance- oltage characteristic of the OLED device 

employing G-ortho-P-ELPR as EML. Device architecture: ITO/PEDOT:PSS (AI 

4083)/EML/TPBi/Liq/Al. 
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Supplementary Note 26 | Nyquist plots & frequency response characterization 

 

Please see Supplementary Figs. 68-70 and Table 10.  

 

Supplementary Fig. 68: Nyquist plots of the OLED devices employing either 

G-ortho-P-Br or G-ortho-P-deBr as EML recorded at 5   over 1 Hz to 1 MHz frequency 

range, showing the impact of end-group deactivation on charge-transport resistances. 

(A) The overview Nyquist plot. (B) The same Nyquist plot but zoom-in at the high frequency 

region. Inset of (B): The equivalent circuit model used to extract the charge-transport fitting 

parameters. The brominated device (G-ortho-P-Br, black) exhibits an extremely large, 

non-closing arc, indicative of severely hindered charge transport before end-group deactivation. 

In contrast, the deactivated/debrominated device (G-ortho-P-deBr, cyan) shows a well-defined, 

closed and smaller-diameter semicircle. Both the injection resistance (R1) and recombination 

resistance (R2) were significantly reduced after end group de-activation and the semicircle 

diameter has real impedance of R1 + R2 ~ 3.7 kΩ. Device architecture: ITO/PEDOT:PSS blend 

(AI 4083/CH 8000 mix)/EML/TmPyPB/Liq/Al. 
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Supplementary Fig. 69: Nyquist plots of the OLED devices employing either G-ortho-P-Br or 

G-ortho-P-deBr as EML recorded at 5.5 V over 1 Hz to 1 MHz frequency range, showing the 

impact of end-group deactivation on charge-transport resistances. (A) The overview Nyquist 

plot. (B) The same Nyquist plot but zoom-in at the high frequency region. Inset of (B): The 

equivalent circuit model used to extract the charge-transport fitting parameters. The 

brominated device (G-ortho-P-Br, black) exhibits an extremely large, non-closing arc, indicative 

of severely hindered charge transport before end-group deactivation. In contrast, the 

deactivated/debrominated device (G-ortho-P-deBr, cyan) shows a well-defined, closed and 

smaller-diameter semicircle. Both the injection resistance (R1) and recombination resistance 

(R2) were significantly reduced after end group de-activation and the semicircle diameter has 

real impedance of R1 + R2 ~ 2.9 kΩ. Device architecture: ITO/PEDOT:PSS blend (AI 4083/CH 

8000 mix)/EML/TmPyPB/Liq/Al. 

  

Zoom in

G-ortho-P-Br

G-ortho-P-deBr

G-ortho-P-Br

G-ortho-P-deBr

@5.5 V

A B
1e6

1e6

R1

CPE1 CPE2

R2

RS

R1   R2 (  5.5  )   2.9 x 103  
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Supplementary Table 10 | Summary of the fitting parameters of the Nyquist plots 

extracted from the equivalent circuit model. 

 

  

DC bias at 5.5V

with 70 mV AC perturbation

DC bias at 5V

with 70 mV AC perturbation

Measurement 

condition

YNYN

End group

de-activation? a

(for G-ortho-P)

67.674.571.082.5Rs
b (Ω)

1.17 x 1039.96 x 1051.58 x 1031.67 x 107R1
c (Ω)

4.30 x 10-81.12 x 10-88.23 x 10-83.83 x 10-7CPE1
d (sα Ω-1)

0.990.980.950.94α1
e (-)

1.68 x 1031.14 x 1062.17 x 1035.85 x 106R2
f (Ω)

8.62 x 10-94.37 x 10-89.18 x 10-99.19 x 10-9CPE2
g (sα Ω-1)

1.000.991.000.98Α2
h (-)

a. Y: End capping C-Br groups are debrominated. N: without end group de-activation. b. Rs: contact

resistance. c. R1: injection resistance. d. CPE1: constant phase element describing the non-ideal injection

capacitance. e. α1: dimensionless non-ideality parameter of CPE1; where α1 < 1 for non-ideal capacitor

case. f. R2: recombination resistance. g. CPE2: constant phase element describing the non-ideal

recombination capacitance. h. α2: dimensionless non-ideality parameter of CPE2; where α2 < 1 for non-

ideal capacitance case.
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Supplementary Fig. 70: Impedance – frequency response spectra of the OLED devices 

employing G-ortho-P-Br (black squares) or G-ortho-P-deBr (cyan squares) as EML under 

forward DC bias either 5 V (A) or 5.5 V (B). The pronounced reduction of low-frequency 

impedance (close to 1 Hz) for G-ortho-P-deBr compared to G-ortho-P-Br case indicates more 

efficient charge transport after end group de-activation. 

  

A B

@5V @5.5V

G-ortho-P-Br

G-ortho-P-deBr

G-ortho-P-Br

G-ortho-P-deBr
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Supplementary Note 27 | Applicability of end group de-activation for red/blue emitting 

polymers 

 

Please see Supplementary Figs. 71-76 and Tables 11-12. 

 

 

Supplementary Fig. 71: Luminance–voltage (A) and EQE-current density (B) characteristics 

of the OLED device employing either R-ortho-P-Br (black) or R-ortho-P-deBr (orange) as EML. 

Device architecture: ITO/PEDOT:PSS blend (AI 4083/CH 8000 mix)/EML/TmPyPB/Liq/Al. 

  

R-ortho-P-Br

R-ortho-P-deBr

A B
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Supplementary Fig. 72: Luminance–voltage (A) and EQE-current density (B) characteristics 

of the OLED device employing either B-para-P-Br (black) or B-para-P-deBr (blue) as EML. 

Device architecture: ITO/PEDOT:PSS blend (AI 4083/CH 8000 mix)/EML/TmPyPB/Liq/Al. 

  

B-para-P-Br

B-para-P-deBr

A B
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Supplementary Fig. 73: Luminance–voltage (A) and EQE-current density (B) characteristics 

of the OLED device employing G-para-P-Br (black) or G-para-P-deBr (green) as EML. Device 

architecture: ITO/PEDOT:PSS blend (AI 4083/CH 8000 mix)/EML/TmPyPB/Liq/Al. 

  

G-para-P-Br

G-para-P-deBr

A B
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Supplementary Table 11 |  uantitative comparison of pixelation strategies for emissive 

display technologies, including inorganic  D-LEDs, III-  micro-LEDs, perovskite LEDs, 

and ELPR OLEDs. 

LEDs Pixelization process Process compatibility 
Feature 

size 
Max. L 

(cd/m2) 
EQEmax. 

(%) 
FWHM 

(nm) 

Device 
operational 

stability 
Reference 

Inorganic 
QD-LEDs  

Direct 
photolithography 

Solvent orthogonal 
& Scalable 

1 µm 7851 25.6 20~30 LT95:135 hrs 
Nat. comm. 

(2025)4 

Direct 
photolithography 

Solvent orthogonal 
& Scalable 

0.8 µm >105 < 20 20~40 LT95:~55 hrs 
Nat. 

Nanotechnol. 
(2022)5 

Transfer printing 
Dry process 

& transfer yield issue 
400 nm ~105 23.3 20~30 - 

Nat. 
photonics 

(2024)6 

Lift-off 
photolithography 

Solvent orthogonal 
& Scalable 

0.8 µm < 105 16.6 20~30 - 
Nat. comm. 

(2026)7 

III-V micro-
LEDs 

Ion implantation 
pixelization 

Suitable for single-
color pixelization 

0.5 µm 55835 12 4.8 LT95: > 300 hrs 
Nat. 

photonics 
(2021)8 

Fluidic assembly 
Suitable for sub-100 
micron pixelization 

45 µm - - 25~30 - 
Nature 
(2023)9 

Layer transfer + 
photolithography 

Scalability limited to 
epitaxial substrate size 

4 µm <105 < 0.5 25~45 - 
Nature 

(2023)10 

Perovskite 
LEDs 

Direct 
photolithography 

Solvent orthogonal 
& Scalable 

5 μm > 20000 6.8 24 LT50:5~7 mins 
Sci. Adv. 
(2022)11 

Transfer printing 
Dry process 

& transfer yield issue 
400 nm 4159 14.8 18 LT50:22 mins 

Sci. Adv. 
(2022)12 

Inkjet printing 
Feature size limited to 

nozzle/drop size 
~100 µm 43883 8.54 20 LT50:64 mins 

Adv. Mater. 
(2022)13 

ELPR OLEDs 
Direct 

photolithography  
E-beam lithography 

Solvent orthogonal 
& Scalable 

110 nm 2068 13.3 85~100 LT50:172 mins This work 
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Supplementary Fig. 74: Photographs of encapsulated OLED devices used for the operation 

lifetime (LT50) measurement. (A) Front view of device driving at 4.0V, (B) Front view of device 

driving at 6.0V, and (C) Rear view of device driving at 6.0V. 

Desiccant label 

Glass cover

Rear view of device

Adhesion collar

with sealant

Front view of device @ 4.0V Front view of device @ 6.0VA B C
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Supplementary Fig. 75: Combined device architecture and energy-level diagram, showing 

the HOMO and LUMO levels of all transport and injection layers studied during device 

optimization. G-ortho-P-deBr is employed as EML, where the of the various transporting 

materials studied during the optimization process were displayed. Values indicate the HOMO 

and LUMO energies in eV relative to the vacuum level.17-22 

  

Li/Al

2.9

T
m

P
y
P

B

T
P

B
i

G
-o

rt
h

o
-P

-d
e
B

r

P
V

K

v
-N

P
B

P
T

A
A

N
iO

x

P
E

D
O

T
:

P
S

S

-6.68

-2.73-2.7

-6.2
-6.0

-3.5

-2.4

-5.5

-2.2

-5.8

-2.3

-5.2
-4.8 -5.0

-3.3

-5.36

-1.96

E
n

e
rg

y
 l

e
v

e
ls

(e
V

)
-1.0

-2.0

-3.0

-4.0

-5.0

-6.0

-7.0

ITO



101 

 

Supplementary Table 12 |. Temperature dependent TRPL lifetimes of green-emitting 

self-hosted TADF polymer after (G-ortho-P-deBr) end group de-activation with DPACz = 

45 in thin fim. 

 

 

 

Supplementary Fig. 76: Thin film TRPL spectra of green-emitting self-hosted TADF polymer 

after (G-ortho-P-deBr) end group de-activation with DPACz = 45 measured at various 

temperature from 298 to 77 K. First, delay fluorescence lifetime component increased from 

298 to 220K, which is typical characteristics of TADF phenomena. 

 

Temperature (K) τPF (ns) τDF (μs) A1 A2

298 27.68 1.52 4503.28 85.31

280 30.82 1.88 3803.97 79.77

260 30.76 2.09 4073.55 75.21

240 27.57 2.35 8911.89 47.61

220 29.37 2.39 4145.12 53.51

200 29.45 2.36 4714.49 42.45

150 29.31 2.20 9222.21 28.27

100 28.45 1.23 10784.7 21.00

77 29.06 0.90 4865.65 19.25
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