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1. Supplementary Methods
Synthesis and characterization of D-SiCzCz and D-SiTrzCz2
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Supplementary Fig. 1 The synthetic routes of D-SiCzCz and D-SiTrzCz2.

Synthesis of 9H-3,9'-bicarbazole-1,1',2,2',3',4,4',5,5',6,6',7,7',8,8'-d1s (intermediate 1):

3-Bromo-9H-carbazole-1,2,4,5,6,7,8-d7 (10.00 g, 39.50 mmol), di-tert-butyl decarbonate
(25.86 g, 118.51 mmol) and N,N-dimethylpyridin-4-amine (4.83 g, 39.50 mmol) were dissolved
in acetonitrile (60 mL) at room temperature. After stirring overnight, the reaction mixture was
purified by flash chromatography on silica gel with petroleum ether/CH>Cl. (4:1, v/v) to give a
white solid. Then, a mixture of the solid (8.00 g, 22.65 mmol), 9H-carbazole-1,2,3,4,5,6,7,8-dg
(4.76 g, 27.17 mmol), Pdxdbas (2.07 mg, 2.26 mmol), tri-tert-butylphosphonium
tetrafluoroborate (0.99, 3.40 mmol) and NaOtBu (5.44 g, 56.61 mmol) in dry toluene (100 mL)
was stirred at 110°C for 18 h. After cooling to room temperature, the reaction mixture was
extracted with CH2Cl, and the combined organic layer was dried over anhydrous MgSOg4. The
crude product was purified by flash chromatography on silica gel with petroleum ether/CH2Cl.
(3:1, v/v). The resulting product was dissolved in CH2Cl> and 4.98 mL trifluoroacetic acid
(TFA) was then added drop by drop. After reacting for 2 h at room temperature, the mixture
was extracted with CH2Cl» and the combined organic layer was dried over anhydrous MgSOs.
The crude product was purified by flash chromatography on silica gel with petroleum
ether/CH.CIl; (3:1, v/v) to give intermediate 1 as a white solid, 3.73 g, total yield of 63%. 'H
NMR (400 MHz, Methylene Chloride-d2) & (ppm): 8.21 (s, 1H). MALDI-TOF: Calculated:
347.23, Found: 347.35.

Synthesis of (9-(3-(triphenylsilyl)phenyl)-9H-3,9'-bicarbazole-1,1',2,2',3",4,4'5,5',6,6',7,7',8,
8'-dis (D-SiCzCz):

A mixture of intermediate 1 (1.00 g, 2.88 mmol), (3-bromophenyl)triphenylsilane (2.39 g,
5.76 mmol), Pd>dbas (263.52 mg, 0.29 mmol), tri-tert-butylphosphonium tetrafluoroborate
(125.24 mg, 0.43 mmol) and NaOtBu (1.11 g, 11.51 mmol) in dry toluene (60 mL) was stirred
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at 110°C for 18 h. After cooling to room temperature, the reaction mixture was extracted with
CHCl> and the combined organic layer was dried over anhydrous MgSO4. The crude product
was purified by flash chromatography on silica gel with petroleum ether/CH>Cl> (3:1, v/v) to
give D-SiCzCz as a white solid, 1.78 g, yield of 89%. *H NMR (600 MHz, Methylene Chloride-
d2) & (ppm) 7.85 (s, 1H), 7.77 (dt, J = 7.3, 2.0 Hz, 1H), 7.72 (dd, J = 3.3, 1.8 Hz, 1H), 7.68 —
7.66 (m, 6H), 7.49 — 7.46 (m, 3H), 7.45 — 7.42 (m, 6H), 7.30 (s, 1H). 3C NMR (151 MHz,
Methylene Chloride-d2) & (ppm) 142.21, 141.76, 140.17, 137.75, 137.57, 136.77, 135.77,
134.83, 134.80, 134.04, 130.35, 130.19, 130.07, 128.51, 128.32, 124.73, 123.39, 123.32,
119.80, 110.11. MALDI-TOF: Calculated: 681.34, Found: 680.24 (M-H).

Synthesis of 9,9'-(6-chloro-1,3,5-triazine-2,4-diyl)bis(9H-carbazole-1,2,3,4,5,6,7,8-ds) (inte
rmediate 2):

9H-Carbazole-1,2,3,4,5,6,7,8-ds (5.00 g, 28.53 mmol) was dissolved in tetrahydrofuran (100
mL) under nitrogen atmosphere. The reaction solution was cooled to 0°C, n-BuLi (2.4M in
hexane, 10.70 mL, 25.68 mmol) was added slowly. After 2 h, a solution of cyanuric chloride
(2.53 g, 13.69 mmol) in anhydrous tetrahydrofuran (10 mL) was added slowly via dropping
funnel. The reaction mixture was heated to 70°C for 12 h. The reaction was quenched by
distilled water and the resultant solid was purified by flash chromatography on silica gel with
petroleum ether/CH2Cl> (2:1, v/v) to give intermediate 2 as a white solid, 6.34 g, yield of 48%.
MALDI-TOF: Calculated: 462.01, Found: 462.90.

Synthesis of 9,9'-(6-(3-(triphenylsilyl)phenyl)-1,3,5-triazine-2,4-diyl)bis(9H-carbazole-1,2,3,
4,5,6,7,8-ds) (D-SiTrzCz2):

A mixture of intermediate 2 (2.00 g, 4.33 mmol), triphenyl(3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)silane (2.40 g, 5.19 mmol), Pd(PPhs)4 (0.5 g, 0.43 mmol) and K>COs
(1.50 g, 10.82 mmol) in tetrahydrofuran and water (10: 1, 70 mL) was stirred at 80°C for 15 h.
After cooling to room temperature, the reaction mixture was extracted with CH>Cl, and the
combined organic layer was dried over anhydrous MgSOa4. The crude product was purified by
flash chromatography on silica gel with petroleum ether/CH2Cl> (3:1, v/v) to give D-SiTrzCz2
as a white solid, 2.88 g, yield of 87%. *H NMR (600 MHz, Methylene Chloride-d2) § (ppm)
9.09 (s, 1H), 8.83 (dt, J = 7.8, 1.6 Hz, 1H), 7.89 (dt, J = 7.2, 1.3 Hz, 1H), 7.73 — 7.69 (m, 7H),
7.49 — 7.46 (m, 3H), 7.44 (s, 2H), 7.43 (s, 3H), 7.41 (d, J = 1.3 Hz, 1H). 13C NMR (151 MHz,
Methylene Chloride-d2) 6 (ppm) 173.64, 165.18, 141.27, 139.27, 137.17, 136.81, 136.15,
135.94, 134.26, 130.93, 130.31, 129.10, 128.55, 128.50, 126.93, 126.77, 123.21, 119.69,
117.52. MALDI-TOF: Calculated: 761.37, Found: 761.64.



2. Supplementary Figures and Tables
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Supplementary Fig. 2 *“H NMR spectra for intermediate 1.
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Supplementary Fig. 3 MALDI-TOF Mass spectrometry for intermediate 1.
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Supplementary Fig. 4 *H NMR spectra for compound D-SiCzCz.
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Supplementary Fig. 5 *3C NMR spectra for compound D-SiCzCz.
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Data: 1-0001.N14[c] 10 May 2024 15:54 Cal: 10 May 2024 15:59
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Supplementary Fig. 6 MALDI-TOF Mass spectrometry for compound D-SiCzCz.



Data: 1-0003.018[c] 17 Apr 2024 15:51 Cal: 17 Apr 2024 17:13
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Supplementary Fig. 7 MALDI-TOF Mass spectrometry for intermediate 2.
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Supplementary Fig. 8 *H NMR spectra for compound D-SiTrzCz2.
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Supplementary Fig. 9 3C NMR spectra for compound D-SiTrzCz2.
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Supplementary Fig. 10 MALDI-TOF Mass spectrometry for compound D-SiTrzCz2.
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Supplementary Fig. 11 (a) Thermogravimetric analysis (TGA) and (b) differential scanning
calorimetry (DSC) curves for D-SiCzCz and D-SiTrzCz2.
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Supplementary Fig. 12 HOMO and LUMO distribution for D-SiCzCz, D-SiTrzCz2, SiCzCz
and SiTrzCz2.
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Supplementary Fig. 13 HOMO and LUMO distribution for SiCzCz and D-SiCzCz in
cationic state.
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Supplementary Fig. 14 HOMO and LUMO distribution for SiTrzCz2 and D-SiTrzCz2 in

anionic state.
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Supplementary Fig. 15 The experimental FT-IR spectra of (a) D-SiCzCz and SiCzCz, (b) D-
SiTrzCz2 and SiTrzCz2.

Supplementary Table 1 BDE values for the deuterated and non-deuterated compounds.
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Supplementary Fig. 16 Normalized UV-Vis absorption, PL and phosphorescence spectra in
toluene solution of D-SiCzCz and D-SiTrzCz2.
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Supplementary Fig. 17 (a) Normalized UV-vis absorption spectra, (b) PL spectra of SiCzCz,
SiTrzCz2, D-SiCzCz and D-SiTrzCz2 in toluene solution.
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Supplementary Fig. 18 (a) Normalized UV-Vis absorption and (b) phosphorescence spectra
in neat film for D-SiCzCz and D-SiTrzCz2.

—— D-8iCzCz:D-SiTrzCz2
—— SiCzCz:SiTrzCz2

-

o
2
T

Intensity (a.u.)
2

10" ¢

10° 4
0 2 4 6 8 10
Lifetime (ps)

Supplementary Fig. 19 Transient decay curves of deuterated and non-deuterated exciplexes.
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Supplementary Fig. 20 The phosphorescence spectra at 77 K for exciplexes of D-SiCzCz: D-
SiTrzCz2 and SiCzCz: SiTrzCz2.
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Supplementary Fig. 21 Photo-aging diagram of evaporated thin films (100 nm) of D-SiCzCz:
D-SiTrzCz2 and SiCzCz: SiTrzCz2 mixtures under continuous ultraviolet irradiation of 360 nm.
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Supplementary Fig. 22 Photo-aging fluorescent spectra of (a) D-SiCzCz: D-SiTrzCz2 and (b)
SiCzCz: SiTrzCz2 films under continuous ultraviolet irradiation of 360 nm.
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Supplementary Fig. 23 (a) HODs for electron donating D-SiCzCz and SiCzCz, (b) EODs for
electron accepting D-SiTrzCz2 and SiTrzCz2.
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Supplementary Fig. 24 The reorganization energies of (a) D-SiCzCz and (b) D-SiTrzCz2.
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Supplementary Fig. 25 The reorganization energies of (a) SiCzCz and (b) SiTrzCz2.

18




(a) "0 (b)'°

—#— D-SiTrzCz2 in EOD
AV =105V gl —*—SiTrzCz2in EOD

3 €< —o—o
sl /"_'_H-A—Mw

[}

M1V
6|

4+ AV =228V

AV=095V

Voltage (V)
T -\I T
Voltage (V)

—=— D-8iCzCz in HOD 2F

St e SiCzCzin HOD
4 1 1 1 1 1 1 1 0 1 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100
Time (h) Time (h)

Supplementary Fig. 26 Electrical-aging curves of (a) D-SiCzCz and SiCzCz in HODs, (b) D-
SiTrzCz2 and SiTrzCz2 in EODs.
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Supplementary Fig. 27 Electrical aging curves of deuterated and non-deuterated mixtures in
(a) HODs and (b) EODs.
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Supplementary Fig. 28 Oxidation and reduction curves of (a) D-SiCzCz and (b) D-SiTrzCz2

by cyclic voltammetry.
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Supplementary Table 2 Photophysical properties of D-SiCzCz and D-SiTrzCz2.

Componnds Tl i EP  EP  Ef HOMOLUMO! ¢ w  &n°
P [nm] [nm]  [eV] [eV] [eV] [eV] [ns]  [ns]  [%]
D-SiCzCz ~ S9k342 312 a5 349 320 538275
207345 377
| ey o 217 6488 46
D-SiTCz2 502l JST 320 306 331 5881267

aMeasured in toluene (up line) and film (down line) at room temperature (RT). "Singlet energy

(Es) measured through RT fluorescence and Triplet energy (Et) measured through low

temperature (77 K) phosphorescence spectra in toluene. “Optical bandgap (Eg) evaluated from

the absorption edge of film state UV-Vis spectra. ‘HOMO and LUMO measured from the onset

of oxidation and reduction curves from CV. ¢Transient

decay curves and PLQY measured in

vacuum-evaporated exciplex-forming films.
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Supplementary Table 3 Summary of recent reported the state-of-art stable blue

phosphorescent OLED:s.
Host Phosphor CIE (y) Lifetime Ref
D-SICZCzD-SiTrzCz2  PION-TBBI 0465 =1 QL0000 i o
SiczCzSiTrzCz2  PON-TBBI 0172 = o0@R0000UM™ g o
D-SICZCzD-SiTrzCz2 PION-b-DTB 0213 -1 P0QRO00CHM® i o
SiCZCzSiTrzCz2  PION-D-DTB 0217 -1 o0@I0000/M™ g o
SiCzCzSiTrzCz2  PION-TBBI 0207 -1°°@000ca/m’ 1
SiCzCzSiTrzCz2  PON-D-DTB 022 -1°o@1000cu/m’ 2
SiCZCzSiTrzCz2  PION-b-TTB 022 -1°0@1000cu/m’ 2
SiC2CzBO-Cz-Si-1  PON-TBBI 015 1701000 cdim’ 3
SiC2CzBO-Cz-Si-2  PON-TBBI 017 701000 cdim’ 3
SiCZCzSiTrzCz2  PIONS-dip 046 -1o0@L000cd/m’ 4
SiCZCzSiTrzCz2  PIONSN-dip 047 -190@1000cd/m’ 4
SiczCzSiTrzCz2  PON-TBBI 0147 -T70QL000cd/m’ 5
SiCzCz:SiTrzCz2 prspcz  oa3 109100 m 5
CzBTPCNMS] Ir(ch)s 0.18 "ngggoh‘:d/ m* 6
CNCZzBTPMSi Ir(ch)s 0.18 LT?OZ@E%)%Oth/ m* 6
CzBTPMS] Ir(ch)s 0.17 LT?O:@%%Oth/ m* 6
SiczCzSiTrzCz2  PON-TBBI 0171 -19°@000 cd/m’ 7
mCBP f-ctlc 009  T70@500 cd/m’ :
mCBP f-ct1d 009  LT70@500 cd/m’ :
SIDBFCz r@pbicyy 017 -180@0cd m* 9
SIDBFCz r@pbicyy 017 -1809R0 m* 9
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