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General methods

All the reagents used for the synthesis of the compounds were purchased from Energy or aladdin
companies and used without further purification. The 1H and 13C NMR spectra were recorded on
a BRUKER AMX with tetramethylsilane as internal standards. Elemental analysis was determined
by an Elementar Vario EL CHN elemlental analyzer. Matrix-assisted laser desorption ionization
time-of-flight (MALDI-TOF) mass spectra were collected on a Bruker Daltonics. The
photoluminescence emission spectra were recorded on HORIBA FLUOROMAX-4. The UV-Vis
absorption spectra of the compounds were measured by SHIMADZU UV-2450. Thermogravimetric
analysis (TGA) and Differential scanning calorimetry (DSC) curves were recorded with a Netzsch
simultaneous thermal analyzer (STA) system (STA 409PC) and DSC 2910 modulated calorimeter
under a dry nitrogen gas flow at a heating rate of 10 °C min-1. The film surface morphology is
performed by the AFM (Seiko Instruments, SPA-400). Cyclic voltammetry (CV) was performed on
a CHI750C voltammetric analyzer in a typical three-electrode cell with a platinum plate working
electrode, a platinum wire counter electrode and a silver wire reference electrode. All quantum
chemical calculations were performed using the Gaussian 09 program package. Geometries in the
ground state were optimized using the B3LYP functional with the 6-31G(d) basis set. Low-lying
excited energies in singlet and triplet states were obtained using the optimized structures with time

dependent density functional theory (TD-DFT) at the same level.
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Synthesis and Characterization

Synthesis of (s)-2,3,4,6-tetra(9H-carbazol-9-yl)-5-(4-(2-(4-((4-vinylbenzyl) oxy)phenyl)propan-2-
yl)phenoxy)benzonitrile (4CzCN). 4CzFCN (1.0 g, 1.3 mmol), 4-(2-(4-((4-vinylbenzyl)oxy)
phenyl)propan-2-yl)phenol (0.5 g, 1.4 mmol), and K,CO; (0.6 g, 4.3 mmol) were dissolved in DMF
(40 mL). Stirring for 24 h at RT, the crude yellow product was obtained after removal of the organic
solvent. Then, the crude product was further purified by silica gel column chromatography to obtain
a yellow powder (0.90 g, 64 % yield). 'H NMR (500 MHz, CDCl;) 6 8.09 (d, J= 7.7 Hz, 2H), 7.75
(d,J=7.6 Hz, 2H), 7.67 (d, J=3.9 Hz, 4H), 7.60 (d, /= 7.6 Hz, 2H), 7.45 (d, J= 8.1 Hz, 2H), 7.40
(dd,J=10.1, 6.4 Hz, 4H), 7.36 — 7.32 (m, 4H), 7.24 (d, /= 8.0 Hz, 2H), 7.18 — 6.98 (m, 10H), 6.82
(t,J=17.4Hz, 2H), 6.74 (d, J= 8.9 Hz, 2H), 6.69 (t,J = 7.7 Hz, 2H), 6.59 (d, J= 8.7 Hz, 2H), 6.27
(d, J=8.8 Hz, 2H), 5.82 (dd, J=27.4, 13.2 Hz, 3H), 5.34 — 5.26 (m, 2H), 5.00 (s, 2H), 1.13 (s, 6H).
MS (MALDI-TOF) [m/z]: caled for C;9HssNsO,, 1105.43; found, 1105.39. Anal. Calcd. for

C79HssNsO,: C, 85.77; H, 5.01; N, 6.33. Found: C, 85.75; H, 5.01; N, 6.32.

Synthesis of (28,3R,4R,6S5)-2,3,4,6-tetrakis(4-(2-(9H-carbazol-9-yl)ethoxy)-9H-carbazol-9-yl)-5-
fluorobenzonitrile (Cz4CzFCN). 4-(2-(9H-carbazol-9-yl)ethoxy)-9H-carbazole (4 g, 9.2 mmol)
and sodium hydride (0.08 g, 3.3 mmol) was added to the anhydrous THF (50 mL) solution. After
stirring vigorously for 30 minutes under a nitrogen atmosphere at room temperature, 2,3,4,5,6-
pentafluorobenzonitrile (0.6 g, 3.3 mmol) was added. The mixture was stirred at room temperature
for 24 hours. After the reaction was finished, it was poured into distilled water (30 mL) to precipitate
a yellow solid. The yellow solid was filtered, dried, and purified by silica gel column
chromatography to obtain a bright yellow powder (2.50 g, 54 % yield). 'H NMR (500 MHz, CDCl3)
6 8.40 (d, J=7.3 Hz, 1H), 8.18 — 8.02 (m, 8H), 7.96 (s, 2H), 7.64 — 7.49 (m, 4H), 7.45-7.31 (m,
15H), 7.28 (d, J = 8.2 Hz, 2H), 7.26 — 7.11 (m, 12H), 7.06 (dd, J=17.3, 8.4 Hz, 6H), 6.91 (dd, J =
18.9, 13.4 Hz, 2H), 6.79 (d, J = 7.8 Hz, 2H), 6.70 (s, 2H), 6.62 (d, J = 7.7 Hz, 1H), 6.43 (s, 2H),
6.14 (d, J= 8.2 Hz, 1H), 4.34 (t, /= 7.0 Hz, 2H), 4.29 — 4.09 (m, 8H), 3.90 (s, 4H), 3.64 (s, 2H),
2.02 - 1.91 (m, 4H), 1.88-1.78 (m, 4H), 1.76-1.62 (m, 8H), 1.53 (d, /= 5.3 Hz, 4H), 1.41 (d, J =
35.2 Hz, 8H), 1.30-1.20 (m, 4H). MS (MALDI-TOF) [m/z]: calcd for C;»7H;osFNgOy4, 1841.85;
found, 1841.80. Anal. Calcd. for Ci,7H;0sFN¢Og4: C, 82.75; H, 5.91; N, 6.84. Found: C, 82.75; H,

5.90; N, 6.84.



Synthesis of (2S,3R,4R,6S5)-2,3,4,6-tetrakis(4-(2-(9H-carbazol-9-yl)ethoxy)-9H-carbazol-9-yl)-5-
(4-(2-(4-((4-vinylbenzyl)oxy)phenyl)propan-2-yl)phenoxy)benzonitrile (Cz4CzCN). Cz4CzFCN
(1.0 g, 0.6 mmol), 4-(2-(4-((4-vinylbenzyl)oxy) phenyl)propan-2-yl)phenol (0.3 g, 0.8 mmol), and
K,CO; (0.3 g, 2.2 mmol) were dissolved in DMF (30 mL). Stirring for 24 h at RT, the crude yellow
product was obtained after removal of the organic solvent. Then, the crude product was further
purified by silica gel column chromatography to obtain a yellow powder (0.75 g, 70 % yield). 'H
NMR (500 MHz, CDCl3) 6 8.26 (d, J= 7.3 Hz, 1H), 8.11 — 8.02 (m, 8H), 7.95 (d, /= 7.9 Hz, 2H),
7.79 (d, J = 8.3 Hz, 2H), 7.60 — 7.50 (m, 4H), 7.47-7.33 (m, 16H), 7.33 — 7.25 (m, 8H), 7.19 (dt, J
=14.4,7.3 Hz, 10H), 7.11-6.85 (m, 9H), 6.72 (dd, J = 15.7, 7.5 Hz, 4H), 6.66 (d, J = 8.1 Hz, 2H),
6.55 (d, J=8.3 Hz, 2H), 6.15 (dd, J=16.6, 8.0 Hz, 3H), 5.79 — 5.68 (m, 3H), 5.23 (d, /= 10.9 Hz,
1H), 4.88 (s, 2H), 4.33 (t, J= 7.1 Hz, 2H), 4.24 (dd, J = 16.3, 8.5 Hz, 4H), 4.16 (t, /= 6.9 Hz, 4H),
3.96-3.90 (m, 2H), 3.89-3.79 (m, 2H), 3.69 (t, J = 7.0 Hz, 2H), 1.99-190 (m, 4H), 1.88 — 1.79 (m,
4H), 1.78 — 1.62 (m, 8H), 1.46-1.33 (m, 8H), 1.32 — 1.21 (m, 8H), 1.06 (s, 6H). MS (MALDI-TOF)
[m/z]: calcd for Ci5;H 3;NogQOg, 2166.02; found, 2166.01. Anal. Calcd. for C;5;H;3N9Og: C, 83.66;

H, 6.09; N, 5.82. Found: C, 83.64; H, 6.09; N, 5.83.
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Figure S1. TGA (a) and DSC (b) curves of P-4CzCN and P-Cz4CzCN recorded at a heating

rate of 10 °C min™!.
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Figure S2. Cyclic voltammetry (CV) curves of P-4CzCN and P-Cz4CzCN measured at room

temperature in CH,Cl,,
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Figure S3. The PL spectra of P-4CzCN and P-Cz4CzCN films.
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Figure S4. Fluorescence and phosphorescence spectra (measured at 77K) in toluene solution of P-

4CzCN and P-Cz4CzCN.
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Figure S5. Transient photoluminescence decay curves of P-4CzCN and P-Cz4CzCN in O,/N.,.
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Figure S6. UV and PL spectra of P-4CzCN and P-Cz4CzCN in different solvents.
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Figure S7. Fluorescence and delay Fluorescence spectra of P-4CzCN and P-Cz4CzCN at room
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Figure S8. Schematic diagram of the device with the energy levels and molecular structures of
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Figure S9. (a) Current density—voltage—luminance (J-V—L) curves; (b) External quantum

efficiency (EQE) versus luminance; Inset: the EL spectra for Mcp+10 % P-4CzCN based solution-

processed OLEDs.
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Figure S10. UV-vis spectra of the films before and after post-rinsing process. (a) P-Cz4CzCN,

and (b) mCP+10wt%P-4CzCN.
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Figure S11. (a) Current density—voltage—luminance (J-V—L) curves; (b) External quantum
efficiency (EQE) versus luminance; EL spectra for P-Cz4CzCN (c) and mCP+10 % P-4CzCN (d)

based fully-solution-processed OLEDs; Inset: the photo of the device.
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Figure S12. (a) Current density—voltage—luminance (J-V—L) curves; (b) EL spectra with different
dopant concentration; (c) External quantum efficiency (EQE) versus luminance; (d) Current
efficiency and power efficiency versus luminance for solution-processed white OLEDs with

vacuum-deposited TPBI. Inset: the photo of the white emission device.
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Figure S13. The electro-luminance spectra of the solution-processed white OLEDs based on
vacuum deposited TPBI, (a) P-Cz4CzCN+0.6% Ir(MDQ),(acac); (b) P-Cz4CzCN+1.0%

[r(MDQ);(acac); (¢) P-Cz4CzCN+1.5% Ir(MDQ),(acac).
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Figure S14. Illustration of S; and T, raw data of P-4CzCN (a) and P-Cz4CzCN (b) optimized by

TD-DFTF method.

Table S1. Photophysical properties of the non-doped films of P-4CzCN and P-Cz4CZCN.



Samples PLQY [%] A1 A2 Ty [HS] Tz[IlS] RPF RDF (pPF (pDF

P-4CzCN 0.37 15272.89 | 102.808 15 1500 0.60 | 040 | 0.222 | 0.148

P-Cz4CzCN 0.65 11163.48 155.31 25 1900 0.49 | 051 | 0318 | 0.332

A1/A; is the pre-exponential for lifetime t,/7,. Rpr and Rpy are individual component ratio for prompt and delayed

fluorescence. (RPF = TlAl/(TlAl + ’EzAz), RDF = TzAz/(TlAl + ‘CzAz); (pPF = ‘bPL RPF, QDDF = QSPL RDF),

Table S2. EQE values of doped and undoped TADF OLED based on polymers in recent years.

EML Non-doped TADF OLED EQE.x (%) Ref
P-Cz4CzCN V 11.5 this work
PTZ-DBTO2 \ 3.0 |
PDT-2 \ 5.3 2
P6/P9 \ 7.0 3
PDCDC \ 9.0 4
LEP \ 10.0 5
TMTPA-DCB V 15.3 6
TMTPA-DCB: 10% mCP x 24.0 6
PCzBPCI-10: CBP x 22.0 7
PCPTCN-1/4: 50% mCP x 21.1 8
PTZ-DBTO2: CBP x 19.4 1
mCP:DMAC-DP-Cz:PCzDP-10 x 16.1 5
P(DMTRZ-Cp): 25% mCP x 15.4 10
A-SM-25 % x 12.9 1
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