Efficient organic room-temperature phosphorescence in

both solution and solid states
Chensen Li">°, Zhenchen Lou*°, Minghui Wu*°, Xinmeng Chen', Haozhe Tan?, Zonghang Liu?, Feng
Gao?, Zijie Qiu?, Zheng Zhao*?, Lianrui Hu*?, Guohua Xie*°, Maogiu Li®, Yumeng Guo®, Zhongjie
Ren*°, Song Zhang’, Yuchao Liu®, Shouke Yan®®, Ryan T. K. Kwok!, Jacky W. Y. Lam!, Ben Zhong

*1,2

Tang

1. Department of Chemistry and Hong Kong Branch of Chinese National Engineering Research Center
for Tissue Restoration and Reconstruction, The Hong Kong University of Science and Technology,
Kowloon, Hong Kong, China.

2. School of Science and Engineering, Shenzhen Institute of Aggregate Science and Technology, The
Chinese University of Hong Kong, Shenzhen (CUHK-Shenzhen), Guangdong 518172, China.

3. Shanghai Key Laboratory of Green Chemistry and Chemical Processes, Shanghai Frontiers Science
Center of Molecule Intelligent Syntheses, School of Chemistry and Molecular Engineering, East
China Normal University, 3663 N. Zhongshan Road, Shanghai 200062, China.

4. Department of Chemistry, Southern University of Science and Technology, Shenzhen 518055, China.

5. The Institute of Flexible Electronics (Future Technologies), Xiamen University, Xiamen 361005,
China.

6. State Key Laboratory of Chemical Resource Engineering, College of Materials Science and
Engineering, Beijing University of Chemical Technology, Beijing 100029, China.

7. State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics, Wuhan Institute
of Physics and Mathematics, Chinese Academy of Sciences, Wuhan 430071, China.

8. Key Laboratory of Rubber-Plastics, Ministry of Education, Qingdao University of Science &

Technology, Qingdao, 266042, China.

Synthesis



\Bucl, ZnCly SO ‘D 'D
O OO - O e 0T mmres O 05
HoL KaCO3, DMAC, 130 °C N 0°C—RT T DOMRRT N "NaOtBu, Toluene, 110 °C N “THR RT
H § g
5

1 2
6

T
B' j o | } m } ‘.o
? ‘Q ‘ S v

M M f‘w

O

H

N
%\%N /////) Pdy(dba) u)3PH]BF4
Q T KOBu THF,66°C "CsCO,, DMF, 100°C co3 DMF, 100 °C "NaOtBu, Toluene, 110 °C .
4
N
9 O N
11

%’; w 03T O &
Pen o Q Q O
S ﬁ\ ; &

NOtB Toluene, 110 °C O

ml

HCBPSF

Scheme S1. The synthesis routes of TCBPSF and HCBPSF.

9H-carbazole (1)

9H-carbazole was prepared according to the previous reference.! N-
(2bromophenyl)aniline (2.5 g, 10 mmol), KoCOs3 (2.8 g, 20 mmol), Pd(OAc)> (0.23 g,
1.0 mmol) and PCy3-HBF4 (0.74 g, 2.0 mmol) were placed in a 100 mL round bottom
flask. The flask was purged with argon for 3 times, and 50 mL (0.2 M) of degassed N, N-

dimethylacetamide (DMAc) was added. The reaction was heated and stirred to 130 °C



for 12 hours. After the reaction was completed, the heat source was removed, and the
reaction mixture was cooled to room temperature. The resulted mixture was then
extracted with DCM for 3 times, and the combined organic phase was dried over
anhydrous Na;SOs, filtered, and then evaporated under reduced pressure. The crude
material was purified by column chromatography for 3 times with eluents at the ratio
of DCM/hexane = 1/3 v/v to yield as white powders (1.4 g, 84% yield). 'H NMR (500
MHz, DMSO-d6): 11.26 (s, 1H), 8.11 (d, 2H), 7.50 (d, 2H), 7.39 (t, 2H), 7.16 (t, 2H).

3-bromo-9H-carbazole (2)

3-bromo-9H-carbazole was prepared according to the previous reference.” Carbazole
(1.002 g, 5.997 mmol) was added into DMF solution (50 mL). Then the mixture of N-
bromosuccinimide (NBS) (1.068 g, 6.00 mmol) and DMF (20 mL) was added dropwise
into reaction flask in ice-water bath. After filtration and washed by water, and then
purified by silica gel column chromatography using dichloromethane/hexane (1/10 v/v)
to give the pure product white powder (1.254 g, 85.0%). 'H NMR (500 MHz, DMSO)
0 11.44 (s, 1H), 8.37 (s, 1H), 8.17 (d, J= 7.8 Hz, 1H), 7.50 (d, J= 7.5 Hz, 2H), 7.46 (d,
J=8.6 Hz, 1H), 7.45 — 7.40 (m, 1H), 7.19 (t, J = 7.19 Hz, 1H).

3-bromo-9-(tert-butyldimethylsilyl)-9 H-carbazole (3)

3-bromo-9H-carbazole (2.46 g, 10.0 mmol) was dissolved in dry DMF and then NaH
(0.36 g, 15.0 mmol) was added in batches at room temperature. Next, a solution of tert-
butyldimethylchlorosilane (2.27 g, 15.0 mmol) in dry DMF (30 mL) was added
dropwise. After stirring for 8 h, the mixture was poured into water and filtered to give
the crude product, which was then purified by silica gel column chromatography using
dichloromethane/hexane (1/10 v/v) to give the pure product as a white solid (3.6 g, 82%
yield). "H NMR (500 MHz, CDCls) 6 8.18 (d, /= 1.8 Hz, 1H), 8.03 (d, /= 7.8 Hz, 1H),
7.62 (d, J=8.4 Hz, 1H), 7.47 (dt, J = 8.8, 5.4 Hz, 2H), 7.43 — 7.38 (m, 1H), 7.26 (d, J
=7.1 Hz, 1H), 1.05 (s, 9H), 0.77 (s, 6H).

3,6-di-tert-butyl-9H-carbazole (4)



9-H-carbazole (3.3 g, 20 mmol), 100 ml of nitromethane, and ZnCl, (8.1 g, 60 mmol)
were added to a three-neck flask under a nitrogen atmosphere. 2-Chloro-2-
methylpropane (6.5 ml, 60 mmol) was added dropwise under stirring. The mixture was
stirred at room temperature for 8 h and then hydrolyzed with 100 ml of water. The
product was extracted with CH>Cl. The organic layer was washed with H>O, dried with
MgSOs, and evaporated under vacuum to yield 5.2 g (94 %) of white solid. 'H NMR
(400 MHz, CDCl3) 6 8.10 (s, 2H), 7.88 (s, 1H), 7.49 (dd, J= 7.6, 0.9 Hz, 2H), 7.36 (d,
J=8.5Hz, 2H), 1.48 (s, 18H).

3',6'-di-fert-butyl-9-(tert-butyldimethylsilyl)-9H-3,9'-bicarbazole (5)

A mixture of compound 3-bromo-9-(tert-butyldimethylsilyl)-9H-carbazole (3) (361 mg,
1 mmol), 3,6-di-tert-butyl-9H-carbazole (280 mg, 1 mmol),
tris(dibenzylideneacetone)dipalladium (Pdx(dba);) (38 mg, 0.037 mmol), (t-
Bu);sPHBF; (21 mg, 0.073 mol) and sodium tert-butoxide (NaO'Bu) (210 mg, 2.19
mmol) in toluene (20 mL) was stirred at 110 °C under argon for 24 h. After cooling to
room temperature, the mixture was washed with brine and the organic phase was
separated and dried with anhydrous sodium sulfate. After filtration and removal of the
solvent, the product mixture was applied to a silica gel column using
hexane/dichloromethane (8/1 v/v) as eluent to give the crude product as white power.
The powder was further crystallized from a mixture of hexane and CH>Cl, to afford the
pure product (497 mg, 89% yield) as a white powder. 'H NMR (400 MHz, CDCls) &
8.36 (dd, J=5.7, 1.8 Hz, 3H), 8.15 (d, /= 7.3 Hz, 1H), 7.90 (d, J = 8.8 Hz, 1H), 7.80
(d,/=8.5Hz, 1H), 7.62 (m, J=15.3, 8.7, 2.0 Hz, 3H), 7.54 (dt, /= 17.1, 4.9 Hz, 3H),
7.37 (t,J=17.3 Hz, 1H), 1.64 (s, 18H), 1.25 (s, 9H), 0.95 (s, 6H). *C NMR (101 MHz,
CDCls) & 145.27, 143.47, 141.89, 139.76, 129.62, 126.92, 125.49, 125.40, 124.00,
123.00, 122.58, 119.58, 119.45, 118.01, 115.68, 114.36, 113.86, 108.82, 34.26, 31.63,
26.13, 20.15. MALDI-MS": m/z: calculated for C3sHseN2Si: 558.3430 [M']; found:
559.3494 [M+H]".

3',6'-di-fert-butyl-9H-3,9'-bicarbazole (6)



3',6'-di-tert-butyl-9-(tert-butyldimethylsilyl)-9H-3,9'-bicarbazole (5) (5.59 g, 10 mmol)
was dissolved in dry THF (50 mL), and then tetrabutylammonium fluoride (2.62 g, 10
mmol) was added. The mixture was stirred at 25 °C for 4 h, followed by pouring into
water and filtration. The solid residue was collected and applied onto a silica gel column
eluted with dichloromethane/hexane (1/3 v/v) to give the product as a white solid (4.05
g, 91% yield). '"H NMR (400 MHz, CDCl3) § 8.22 (d, J = 8.9 Hz, 4H), 8.05 (d, J=7.8
Hz, 1H), 7.56 (dt, J = 8.5, 5.0 Hz, 2H), 7.51 — 7.45 (m, 4H), 7.33 (d, J = 8.6 Hz, 2H),
7.27 (s, 1H), 1.50 (s, 18H). '3C NMR (101 MHz, CDCl5) § 141.79, 139.68, 139.54,
137.75,129.32, 125.86, 124.69, 123.68, 122.89, 122.45, 122.37, 119.95, 119.22, 118.65,
115.57,110.88, 110.27, 108.57, 34.13, 31.46, 25.04. MALDI-MS": m/z: calculated for
C32H3:Na: 444.6220 [M']; found: 445.6241 [M+H]".

1,3,5-tris(3',6'-di-tert-butyl-9H-[3,9'-bicarbazol]-9-yl)benzene (7)

A mixture of compound 3',6'-di-fert-butyl-9H-3,9'-bicarbazole (6) (445 g, 1 mmol),
1,3,5-tribromobenzene (105 mg, 0.33 mmol), tris(dibenzylideneacetone)dipalladium
(Pd2(dba)z) (38 mg, 0.037 mmol), (t-Bu);PHBF4 (21 mg, 0.073 mol) and sodium tert-
butoxide (NaO'Bu) (210 mg, 2.19 mmol) in toluene (20 mL) was stirred at 110 °C under
argon for 24 h. After cooling to room temperature, the mixture was washed with brine
and the organic phase was separated and dried with anhydrous sodium sulfate. After
filtration and removal of the solvent, the product mixture was applied to a silica gel
column using hexane/dichloromethane (3/1 v/v) as eluent to give the crude product as
white power. The powder was further crystallized from a mixture of hexane and CH>Cl,
to afford the pure product (379 mg, 81% yield) as a white powder. "H NMR (400 MHz,
CDCl) 6 8.36 (s, 1H), 8.20 (dd, J = 13.9, 6.3 Hz, 4H), 7.93 (d, J = 8.6 Hz, 1H), 7.82
(d, J=8.3 Hz, 1H), 7.69 (d, J = 8.6 Hz, 1H), 7.60 (t,J= 7.8 Hz, 1H), 7.49 (d, J = 8.7
Hz, 2H), 7.43 (t,J=17.5 Hz, 1H), 7.38 (d, J= 8.6 Hz, 2H), 1.50 (s, 18H). 3C NMR (101
MHz, CDCl3) 6 142.08, 140.41, 139.54, 138.58, 130.87, 126.60, 125.25, 124.46, 123.23,
123.04, 122.61, 120.76, 120.43, 118.92, 115.74, 110.16, 109.43, 108.52, 34.20, 31.51,
31.05, 29.17, 22.12, 13.60. MALDI-MS": m/z: calculated for Cio2Ho¢Ng: 1404.7696
[M]; found: 1405.7775 [M+H]".



(9-(3,5-bis(3',6'-di-tert-butyl-9H-[3,9'-bicarbazol]-9-yl)phenyl)-3',6'-di-fert-butyl-
9H-[3,9'-bicarbazol]-6-yl)(4-bromophenyl)methanone (8)

Aluminum trichloride (112 mg, 0.84 mmol) was added to a stirred solution of 1,3,5-
tris(3',6'-di-tert-butyl-9H-[3,9'-bicarbazol]-9-yl)benzene (7) (1.587 g, 1 mmol) and 4-
bromobenzoyl chloride (200 mg, 0.91 mmol) in dehydrated dichloromethane (50 mL)
in ice bath for 15 minutes. Then the reaction mixture was warmed to room temperature
and stirred for 3 h. The reaction was quenched with ice water and hydrochloric acid (15
mL, 2/1 v/v), and extracted with dichloromethane several times. The combined organic
layers were washed twice with water, and then dried over anhydrous MgSQO4. After
filtration and solvent evaporation under reduced pressure, the residue was purified by
column chromatography using dichloromethane/hexane (1/1 v/v) to afford a green solid
in 45% yield. "H NMR (400 MHz, CDCls) § 8.36 (d, J = 8.6 Hz, 3H), 8.24 — 8.17 (m,
8H), 8.12 (s, 2H), 7.95 (dd, J=16.2, 8.2 Hz, 3H), 7.80 (t, /= 9.8 Hz, 3H), 7.70 (s, 3H),
7.64 —7.56 (m, 4H), 7.48 (d, J = 8.0 Hz, 6H), 7.45 — 7.34 (m, 8H), 7.18 (d, /= 8.7 Hz,
1H), 7.10 (d, J = 8.1 Hz, 1H), 7.01 (s, 3H), 1.49 (s, 54H). '3C NMR (101 MHz, CDCl5)
0 196.02, 143.66, 142.87, 141.10, 130.87, 130.55, 127.24, 124.84, 124.45, 123.88,
123.64,123.47,122.76,122.34,121.28,121.07, 119.57, 117.68, 116.27, 109.59, 106.03,
35.22,34.92,34.86,34.81,32.10, 32.06, 32.00,31.94, 31.84,29.77. MALDI-MS": m/z:
calculated for C199HooBrNsO [M]": 1586.7064; found: 1587.7070 [M+H]".

(4-(10H-spiro|acridine-9,9'-fluoren]-10-yl)phenyl)(9-(3,5-bis(3',6'-di-ztert-butyl-
9H-[3,9'-bicarbazol]-9-yl)phenyl)-3',6'-di-ter-butyl-9H-[3,9'-bicarbazol]-6-
yDmethanone (TCBPSF)

A  mixture of compound (9-(3,5-bis(3',6'-di-tert-butyl-9H-[3,9'-bicarbazol]-9-
yl)phenyl)-3',6'-di-tert-butyl-9H-[3,9'-bicarbazol]-6-yl)(4-bromophenyl)methanone (8)
(1.587 g, 1 mmol), 10H-spiro[acridine-9,9'-fluorene] (332 mg, 1 mmol),
tris(dibenzylideneacetone)dipalladium (Pd2(dba);) (38 mg, 0.037 mmol), (t-
Bu);PHBF: (21 mg, 0.073 mol) and sodium tert-butoxide (NaO'Bu) (210 mg, 2.19

mmol) in toluene (20 mL) was stirred at 110 °C under argon for 24 h. After cooling to



room temperature, the mixture was washed with brine and the organic phase was
separated and dried with anhydrous sodium sulfate. After filtration and removal of the
solvent, the product mixture was applied to a silica gel column using
hexane/dichloromethane (1/1 v/v) as eluent to give the crude product as white power.
The powder was further crystallized from a mixture of hexane and CH>Cl; to afford the
pure product (1.43 g, 78% yield) as a green powder. "H NMR (400 MHz, CDCl;) § 8.55
(d,/=1.8 Hz, 1H), 8.43 (dd, J=5.9, 1.8 Hz, 2H), 8.39 (d, /= 1.5 Hz, 1H), 8.32 — 8.28
(m, 6H), 8.20 (ddd, J = 14.0, 12.2, 4.4 Hz, 6H), 7.93 (d, J = 8.1 Hz, 2H), 7.88 — 7.83
(m, 2H), 7.82 (d, J = 1.9 Hz, 2H), 7.78 (d, J = 7.0 Hz, 3H), 7.64 (d, J = 8.3 Hz, 4H),
7.60 —7.53 (m, 6H), 7.50 — 7.42 (m, 10H), 7.36 — 7.29 (m, 6H), 7.14 (t,J=9.3 Hz, 2H),
6.83 (t,J=7.0 Hz, 2H), 6.55 (dd, J=13.9, 7.1 Hz, 2H), 6.39 (dd, J=21.2, 7.6 Hz, 4H),
1.37 (s, 54H). 3C NMR (101 MHz, CDCl3) § 195.83, 155.37, 144.53, 143.29, 142.58,
142.05, 140.57, 140.39, 140.14, 139.56, 138.58, 138.26, 137.21, 136.99, 132.19,
131.15, 130.89, 130.18, 127.75, 127.30, 127.06, 126.62, 126.30, 125.24, 125.02,
124.71,124.50,124.18, 123.07, 122.63, 122.49, 122.19, 120.77,120.41, 119.30, 119.07,
117.03, 115.71, 113.76, 110.14, 109.37, 109.12, 108.57, 105.43, 56.10, 52.86, 34.42,
34.29,34.22,31.55,31.47,31.31,31.26,31.08,29.20, 22.15, 13.63. MALDI-MS": m/z:
calculated for C134H115N70: 1837.9163 [M]"; found: 1838.9227[M+H]".

9-(6-bromohexyl)-3,6-di-tert-butyl-9H-carbazole (9)

To a solution of compound 3,6-di-tert-butyl-9H-carbazole (4) (1.4 g, 5 mmol) in dry
THF (10 mL) was added KO'Bu (0.706 g, 6.3 mmol) in several portions. The resulting
solution was stirred for 10 min at room temperature, and then added dropwise to a
refluxing solution of 1,6-dibromohexane (4.5 mL, 29.2 mmol) in THF (10 mL). After
refluxing for 24 h, the reaction mixture was cooled to room temperature and quenched
by adding several drops of water to destroy the excessive KO'Bu. The THF solvent and
excess 1,6-dibromohexane were removed by rotatory evaporation and vacuum
distillation, respectively. The residual product was dissolved in CH>Cl,, washed with
water for three times, the organic layer was dried over anhydrous Na>SOs, filtered and

concentrated for flash column chromatography on silica using CH>Cl2/petroleum ether



(1/10 v/v), affording product as a white solid (1.76 g 80% yield). '"H NMR (400 MHz,
CDCl3) 6 8.15 (d, J= 1.7 Hz, 1H), 7.55 (dd, J = 8.6, 1.9 Hz, 1H), 7.33 (d, J = 8.6 Hz,
1H), 4.28 (t,J=7.1 Hz, 1H), 3.39 (t,J=6.7 Hz, 1H), 1.95 - 1.77 (m, 2H), 1.51 (s, 9H),
1.49 — 1.39 (m, 2H). 3C NMR (101 MHz, CDCls) § 140.90, 138.34, 122.67, 122.07,
115.70, 107.37, 42.34, 34.07, 33.23, 32.00, 31.50, 28.40, 27.37, 25.91. MALDI-MS™:
m/z: calculated for Co6H3sBrN: 441.2031 [M]*; found: 441.2026 [M]".

9-(6-((9H-carbazol-2-yl)oxy)hexyl)-3,6-di-fert-butyl-9 H-carbazole (10)

A mixture of 9-(6-bromohexyl)-3,6-di-tert-butyl-9 H-carbazole (9) (441 mg, 1.0 mmol),
9H-carbazol-2-ol (183 mg, 1.0 mmol) and Cs>CO3 (391 mg, 1.2 mmol) in N,N-
dimethylformamide (10 mL)solution was heated at 100 °C under nitrogen for 24 h.
After cooling, the mixture was poured into water (200 mL). The crude product was
filtered and purified by silica gel column chromatography, eluent CH>Cly/petroleum
ether (1/2 v/v). The product was recrystallized from ethyl acetate to give product as a
white powder (462 mg, 85%). 'H NMR (400 MHz, CDCl3) & 8.31 (d, J = 7.7 Hz, 1H),
8.11 (d, J = 1.6 Hz, 2H), 8.06 (s, 1H), 7.50 (dd, J = 8.6, 1.9 Hz, 2H), 7.43 — 7.35 (m,
2H), 7.34 — 7.29 (m, 3H), 7.23 (m, J = 8.1, 6.4, 1.8 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H),
6.65 (d,J=7.9 Hz, 1H), 4.34 - 4.14 (m, 4H), 2.03 — 1.88 (m, 4H), 1.74 — 1.62 (m, 2H),
1.54 (dd, J = 15.2, 7.0 Hz, 2H), 1.47 (s, 18H). 3C NMR (101 MHz, CDCI3) & 140.80,
138.34,126.05, 124.24,122.63, 122.35, 122.01, 119.00, 115.63, 109.28, 107.38, 100.41,
67.07, 42.40, 34.03, 31.45, 28.71, 26.50, 25.55. MALDI-MS": m/z: calculated for
C3sHuN0: 544.3454 [M]"; found: 544.3412 [M]".

1,3,5-tris(2-((6-(3,6-di-tert-butyl-9H-carbazol-9-yl)hexyl)oxy)-9 H-carbazol-9-
y)benzene (11)

A mixture of compound 9-(6-((9H-carbazol-2-yl)oxy)hexyl)-3,6-di-tert-butyl-9H-
carbazole (10) (554 mg, 1 mmol), 1,3,5-tribromobenzene (105 mg, 0.33 mmol),
tris(dibenzylideneacetone)dipalladium (Pd2(dba);) (38 mg, 0.037 mmol), (t-
Bu);PHBF: (21 mg, 0.073 mol) and sodium tert-butoxide (NaO'Bu) (210 mg, 2.19

mmol) in toluene (20 mL) was stirred at 110 °C under argon for 24 h. After cooling to



room temperature, the mixture was washed with brine and the organic phase was
separated and dried with anhydrous sodium sulfate. After filtration and removal of the
solvent, the product mixture was applied to a silica gel column using
hexane/dichloromethane (3/1 v/v) as eluent to give the crude product as white power.
The powder was further crystallized from a mixture of hexane and CH>Cl; to afford the
pure product (382 mg, 82% yield) as a white powder. 'H NMR (400 MHz, CDCls) §
8.53(d,J=7.7Hz, 1H), 8.24 (d,J=1.6 Hz, 2H), 8.06 (s, 1H), 7.75 (d, /= 8.2 Hz, 1H),
7.60 (dd, J= 8.6, 1.9 Hz, 2H), 7.53 (dd, /= 11.4, 4.1 Hz, 1H), 7.48 — 7.35 (m, 5H), 6.82
(d,/=8.0 Hz, 1H), 4.37 (t,J= 7.0 Hz, 2H), 4.30 (t, /= 6.2 Hz, 2H), 2.04 (dt, J = 14.6,
9.4 Hz, 4H), 1.77 (dd, J= 14.7, 7.8 Hz, 2H), 1.65 (s, 2H), 1.58 (s, 18H). '*C NMR (101
MHz, CDCl3) 6 155.91, 141.85, 141.54, 140.87, 139.69, 139.08, 127.29, 125.49, 123.80,
123.51, 123.43, 123.38, 122.78, 121.02, 116.37, 113.14, 109.19, 108.13, 102.52, 68.01,
43.11, 34.78, 32.22, 31.74, 29.86, 29.42, 29.31, 27.23, 26.29, 22.81, 14.31. MALDI-
MS": m/z: calculated for Ci20H132NeO3: 1705.0361 [M]"; found: 1706.0444 [M+H]".

(9-(3,5-bis(2-((6-(3,6-di-tert-butyl-9 H-carbazol-9-yl)hexyl)oxy)-9H-carbazol-9-
yD)phenyl)-7-((6-(3,6-di-tert-butyl-9 H-carbazol-9-yl)hexyl)oxy)-9 H-carbazol-3-
y)(4-bromophenyl)methanone (12)

Aluminum trichloride (112 mg, 0.84 mmol) was added to a stirred solution of 1,3,5-
tris(2-((6-(3,6-di-tert-butyl-9H-carbazol-9-yl)hexyl)oxy)-9H-carbazol-9-yl)benzene (9)
(1.71 g, 1 mmol) and 4-bromobenzoyl chloride (200 mg, 0.91 mmol) in dehydrated
dichloromethane (50 mL) in ice bath for 15 minutes. Then the reaction mixture was
warmed to room temperature and stirred for 3 h. The reaction was quenched with ice
water and hydrochloric acid (15 mL, 2:1 v/v), and extracted with dichloromethane
several times. The combined organic layers were washed twice with water, and then
dried over anhydrous MgSQOs. After filtration and solvent evaporation under reduced
pressure, the residue was purified by column chromatography on silica gel
(dichloromethane/petroleum ether) to afford a green solid in 48% yield. 'H NMR (400
MHz, CDCl3) 6 8.92 — 8.70 (m, 4H), 8.57 — 8.46 (m, 5H), 8.45 — 8.38 (m, 1H), 8.30 (d,
J=28.7Hz, 2H), 8.17 — 8.12 (m, 1H), 8.05 - 7.93 (m, 3H), 7.88 — 7.72 (m, 13H), 7.61



(dt, J=16.6, 14.2 Hz, 14H), 7.45 (ddd, J = 26.9, 13.8, 5.6 Hz, 2H), 6.92 (s, 2H), 4.57
—4.23 (m, 12H), 2.17 (m, 10H), 2.02 (m, 2H), 1.95 — 1.86 (m, 6H), 1.82 (s, 54H), 1.73
(m, 6H). 3C NMR (101 MHz, CDCls) 3C NMR (101 MHz, CDCls) & 198.87, 195.05,
161.91, 155.53, 155.36, 145.07, 142.20, 141.47, 14139, 141.35, 141.09, 140.86,
140.46, 140.09, 139.79, 139.34, 139.26, 138.72, 138.31, 137.35, 136.91, 136.65,
135.58, 131.81, 131.57, 131.10, 130.40, 128.28, 126.91, 125.87, 125.15, 125.05,
124.02, 123.25, 123.14, 123.00, 122.76, 122.47, 122.23, 122.08, 121.38, 120.67, 119.86,
119.16, 118.22, 116.08, 115.95, 115.72, 113.07, 112.89, 112.81, 112.63, 112.04, 111.75,
108.67, 108.25, 107.80, 102.12, 67.49, 60.00, 53.04, 42.57, 34.40, 34.35, 34.26, 31.84,
31.79,31.76,31.67,31.63, 31.58, 31.38, 28.91, 28.79, 27.04, 26.78, 26.67, 26.13, 25.88,
25.58,22.45,22.27, 20.63, 13.94. MALDI-MS*: m/z: calculated for Ci27H135sBrNeOs:
1886.9728 [M]"; found: 1887.9772 [M+H]".

(4-(10H-spiro[acridine-9,9'-fluoren]-10-yl)phenyl)(9-(3,5-bis(2-((6-(3,6-di-tert-
butyl-9H-carbazol-9-yl)hexyl)oxy)-9H-carbazol-9-yl)phenyl)-7-((6-(3,6-di-tert-
butyl-9H-carbazol-9-yl)hexyl)oxy)-9H-carbazol-3-yl)methanone (HCBPSF)

A mixture of compound (9-(3,5-bis(2-((6-(3,6-di-tert-butyl-9H-carbazol-9-
ylhhexyl)oxy)-9H-carbazol-9-yl)phenyl)-7-((6-(3,6-di-tert-butyl-9H-carbazol-9-
yDhexyl)oxy)-9H-carbazol-3-yl)(4-bromophenyl)methanone (12) (1.89 g, 1 mmol),
10H-spiro[acridine-9,9'-fluorene] (332 mg, 1 mmol),
tris(dibenzylideneacetone)dipalladium (Pdx(dba);) (38 mg, 0.037 mmol), (t-
Bu);sPHBFs (21 mg, 0.073 mol) and sodium tert-butoxide (NaO'Bu) (210 mg, 2.19
mmol) in toluene (20 mL) was stirred at 110 °C under argon for 24 h. After cooling to
room temperature, the mixture was washed with brine and the organic phase was
separated and dried with anhydrous sodium sulfate. After filtration and removal of the
solvent, the product mixture was applied to a silica gel column using
hexane/dichloromethane (1/1 v/v) as eluent to give the crude product as white power.
The powder was further crystallized from a mixture of hexane and CH>Cl, to afford the
pure product (1.7 g, 79% yield) as a green powder. 'H NMR (400 MHz, CDCls) § 8.79
—8.59 (m, 4H), 8.51 — 8.34 (m, 6H), 8.31 (d, /= 8.1 Hz, 1H), 8.22 (d, /= 10.3 Hz, 3H),



8.03 — 7.87 (m, 7H), 7.86 — 7.80 (m, 1H), 7.80 — 7.62 (m, 13H), 7.62 — 7.47 (m, 15H),
7.46 (d,J="7.0 Hz, 2H), 7.41 — 7.29 (m, 1H), 7.21 (dd, J= 16.5, 8.3 Hz, 1H), 6.85 (ddd,
J=314,18.3,9.3 Hz, 5H), 6.75 — 6.63 (m, 3H), 4.44 (dd, J=24.1, 17.5 Hz, 12H), 2.15
(s, 10H), 1.89 (dd, J = 31.5, 25.8 Hz, 8H), 1.74 (s, 54H), 1.63 (s, 6H). 13C NMR (101
MHz, CDCl3) § 195.41, 155.96, 155.45, 145.46, 142.25, 141.33, 141.06, 140.56, 140.39,
139.77, 139.18, 138.84, 138.64, 138.24, 137.81, 135.63, 133.04, 131.36, 131.03,
128.04, 127.66, 127.32, 126.97, 126.84, 125.32, 125.12, 125.00, 124.80, 124.70,
123.21, 122.94, 122.67, 122.35, 122.14, 121.49, 120.74, 119.82, 119.60, 118.15, 116.05,
115.90, 114.09, 112.80, 112.70, 108.72, 108.20, 107.72, 102.07, 67.49, 56.39, 53.04,
42.57,34.39,34.31,31.78,31.73,31.60, 31.27, 29.41, 28.91, 28.83, 26.96, 26.72, 26.27,
26.04,25.82,22.35, 13.88. MALDI-MS": m/z: calculated for C15:His1N7O4: 2138.1828
[M]’; found: 2139.0918 [M+H]".
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Fig. S1. TGA measurements of (a) TCBPSF and (b) HCBPSF and DSC traces of (¢)
TCBPSF and (d) HCBPSF recorded at a heating rate of 10 °C/min under nitrogen

atmosphere.
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Fig. S2. Cyclic voltammetry curves of (a) TCBPSF and (b) HCBPSF.

Photophysical properties in solution
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Fig. S4. (a) The temperature-dependent transient PL decay of TCBPSF from 78 to

178 K and (b) the PL and Phos spectra at 78 K in toluene.
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Fig. S5. (a) The temperature-dependent transient PL decay of HCBPSF from 78 to
178 K in toluene. (b) The photographs at different afterglow time of HCBPSF at 78 K

in toluene. (¢) the PL and Phos spectra at 78 K in toluene.
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Fig. S6. (a) Temperature-dependent transient phosphorescence decay spectra of
TCBPSF in toluene solution. (b) The plots of lifetimes and proportions of

phosphorescence of TCBPSF at different temperature.
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Fig. S7. The transient PL decay in air-equilibrated and air-saturated toluene.
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range and the proportions of fluorescence, delayed fluorescence, and phosphorescence
spectra at 298 K. The phosphorescence proportions were calculated by the component
of long-lived lifetime in millisecond range. The delayed fluorescence and fluorescence
proportions were calculated by the component of long-lived and short-lived lifetime in

microsecond range, respectively, as shown in Table S1.°
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Fig. S9. The PL spectra of TCBPSF (a) and their transient PL decay (b) in different

solvents.
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Fig. S12. The optimized geometrical and molecular volume of (a) BPSF, (b)

TCBPSF, and (¢) HCBPSF.
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Fig. S13. (a) PL spectra of HCBPSF in water/THF mixtures with different water

fractions (fw). (b) Plots of relative PL intensity (I/Ip)) and maximum emission

wavelength with different fw. lo = intensity at f = 10%. (¢) The plot of the lifetimes and

proportions of phosphorescence of HCBPSF in different ratios of mixtures solution.
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Fig. S14. (a) PL spectra of TCBPSF in water/THF mixtures with different water
fractions (fw). (b) Plots of relative PL intensity (I/Ip) and maximum emission wavelength
with different fw. lo = intensity at fw = 10%. (¢) Transient PL decay spectra of TCBPSF
in water/THF mixtures with fi. (d) The plot of the lifetimes and proportions of

phosphorescence of TCBPSF in different ratios of mixtures solution.

Table S1. Summary of the detailed photophysical parameters of the investigated

dendrimers in toluene and water/THF mixtures.

TCBPSF HCBPSF 10% water- 90% water - 10% water - 90% water-
(Toluene) | (Toluene) | TCBPSF TCBPSF HCBPSF HCBPSF
 (ns) 6.09 7.07 1.6 6.31 1.68 6.23
F [%] 734 65.7 87.5 264 79.7 457
o (ns) 46 99.5 7.21 180 78.9 388
DF [%] 3.5 5.06 3.4 36.5 6.6 19.4
™ (ms) 1.55 8.97 1.82 20.46 3.18 28.0
RTP [%] 23.1 292 9.1 37.1 13.7 34.9
ore (%) 14 9 3 33 1 15
or (%) 10.3 5.9 2.62 8.71 0.80 6.85
oo (%) 0.49 0.46 0.10 12.05 0.066 2.91
or (%) 32 2.6 0.27 1224 0.14 5.4
ke (10°sT) 1 169 8.36 16.4 13.8 474 11.0
krisc (10°s71) | 2.35 0.643 3.79 1.31 0.1 0.26
Jee (s71) 20.87 2.93 1.50 5.98 0.43 1.87
ke (10257) | 6.24 1.09 5.47 0.43 3.14 0.34
hisc (10°sT) | 6.11 4.36 2.34 385 1.21 13.1

Theoretical calculation



Dimer-6:-26.77 kJ/mol
Dimer-4:-99.4 kJ/mol

Dimer-5:-82.25 kJ/mol

Fig. S15. The aggregate environment and the intermolecular interactions of TCBPSF
was simulated using the ONIOM model with a combined quantum mechanics and
molecular mechanics (QM/MM) approach. The central molecule acted as the high layer
with QM at the B3LYP-D3/6-31G(d,p) level, while the surrounding molecules acted as

the low layer using the universal force field (UFF).

Table S2. Summary of the detailed intermolecular interactions of TCBPSF in aggregate

state.

Electrostatic Repulsion ~ Dispersion Total
Film Dimer

(kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol)
SFAc-BP- 1 -1.24 49.95 -162.19 -113.47

CztCz 2 -2.13 53.79 -110.18 -58.51



3 -0.68 12.12 -38.07 -26.63

4 -4.92 39.71 -134.18 -99.4
5 -1.16 43.07 -124.15 -82.25
6 -0.01 3.79 -30.55 -26.77
Average -1.69 33.74 -99.89 -67.84
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Fig. S16. The aggregate environment and the intermolecular interactions of HCBPSF
was simulated using the ONIOM model with a combined quantum mechanics and
molecular mechanics (QM/MM) approach. The central molecule acted as the high layer
with QM at the B3LYP-D3/6-31G(d,p) level, while the surrounding molecules acted as

the low layer using the universal force field (UFF).



Table S3. Summary of the detailed intermolecular interactions of HCBPSF in aggregate

state.
Electrostatic Repulsion  Dispersion Total
Film Dimer
(kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol)
1 -0.14 18.16 -59.37 -41.35
2 -7.94 38.66 -124.96 -94.24
3 -3.75 44.43 -184.45 -143.77
SFAc-BP-
4 -0.29 14.78 -59.16 -44.67
HCz
5 -0.59 12.26 -56.55 -44.88
6 -3.27 29.38 -108.62 -82.5
Average  -2.66 26.28 -98.85 -75.24
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Fig. S17. Plots of reorganization energy (4) vs normal mode wavenumber of TCBPSF

(a) and HCBPSF (b). Inset: Proportions of bond length, bond angle, and dihedral angle

contributed to total reorganization energy.
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Fig. S19. Chemical structures of BPAc, TCBPAc, and HCBPAc, and BPTZ, TCBPTZ,
and HCBPTZ.
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Fig. S21. The HOMOs and LUMOs of BPTZ, TCBPTZ, and HCBPTZ.
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Fig. S22. The hole and electron distributions of S; and T; of BPAc, TCBPAc, and
HCBPACc.
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Fig. S23. The hole and electron distributions of S; and Ty of BPTZ, TCBPTZ, and

HCBPTZ.
BPAc TCBPAC HCBPAR
42 T T
] —10 ! .
1 |
39- . :
_ I :
364 75— - 'y -
B ] ) — __
— E | ] —
% = | | —
g | 1 ———
=
2 11 _[‘\ | e S ——
w27{ '~ ___—1" !
24 _' pT{Su: 4.0x1 077 D : uT‘Sh= 4 4x 105 D : uT, -S'= 4.9% 10‘6 D-1
)] |arsF638cm” || &mS= 11.00m ! TS, 196cm
21] |ETSF00Tem™ 1 lgmS)021em’| | &T,S)=055 em’
I S T T S S—

Fig. S24. The excited states, photophysical processes, triplet radiative transition

(U1, -s,)> SOC constants of BPAc, TCBPAc, and HCBPAc.
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Fig. S25. The excited states, photophysical processes, triplet radiative transition

(U1,-s,)> SOC constants of BPTZ, TCBPTZ, and HCBPTZ.

Photophysical properties in films
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Fig. S26. (a) The plots of Phos peak of TCBPSF in doped PMMA films in 1 wt%. (b)
The PL and Phos spectra of TCBPSF in doped PMMA films at 78 K.
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Fig. S27. Time-resolved phosphorescence spectra of TCBPSF in PMMA doped films
in 1 wt% at (a) 78 K and (b) 178 K.
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Fig. S28. (a) The temperature-dependent PL transient decay and (b) the plots of
phosphorescence lifetimes and ratios of TCBPSF in PMMA doped films in 1 wt% at

different temperature.
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Fig. S29. The PL and Phos spectra of TCBPSF in doped PMMA films in (a) 5 wt%,

(b) 20wt%, and (¢) 70%wt% at 298 K.
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Fig. S30. The PL and Phos spectra of TCBPSF in doped PCL films in 1 wt% at (a)

298 K and (b) 78 K. (¢) Time-resolved phosphorescence spectra of TCBPSF in PCL

doped films at 298 K.
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Fig. S31. The PL and phosphorescence spectra of TCBPSF in doped SBS films in 1

wt% at (a) 298 K and (b) 78 K. (¢) Time-resolved phosphorescence spectra of

TCBPSF in SBS doped films at 298 K.
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Fig. S32. (a) The PL and phosphorescence spectra of HCBPSF in doped PMMA films

at 78 K. (b) Temperature-dependent phosphorescence spectra of HCBPSF in PMMA

doped films at different temperatures.
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Fig. S33. The temperature-dependent PL transient decay of HCBPSF in doped PCL (a)

and SBS (b) films. (¢) The plots of phosphorescence lifetimes of HCBPSF in PMMA,

PCL and SBS doped films at 298 K. The hardness of PMMA, PCL, and SBS are about

77, 53, and 47 (Shore -D), respectively.>”
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Fig. S34. The hole and electron distribution and the CT and LE proportions of T> of

BPSF, TCBPSF, and HCBPSF.
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Fig. S35. The temperature-dependent PL transient decay in millisecond range (a) and
(b) the plots of phosphorescence lifetimes and ratios of TCBPSF in neat films at
different temperature. (¢) The PL and Phos spectra of TCBPSF in neat films at 78 K.
(d) The temperature-dependent PL transient decay in microsecond range of TCBPSF in
neat films. The phosphorescence proportions were calculated by the component of
long-lived lifetime in millisecond range. The delayed fluorescence and fluorescence
proportions were calculated by the component of long-lived and short-lived lifetime in

microsecond range, respectively, as shown in Table S4.6
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Fig. S36. The temperature-dependent PL transient decay in millisecond range (a) and
(b) the plots of phosphorescence lifetimes and ratios of HCBPSF in neat films at
different temperature. (¢) The PL and phosphorescence spectra of HCBPSF in neat
films at 78 K. (d) The temperature-dependent PL transient decay in microsecond range
of TCBPSF in neat films. The phosphorescence proportions were calculated by the
component of long-lived lifetime in millisecond range. The delayed fluorescence and
fluorescence proportions were calculated by the component of long-lived and short-

lived lifetime in microsecond range, respectively, as shown in Table S4.°
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Fig. S37. The temperature-dependent PL transient decay in millisecond range (a) and
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were calculated by the component of long-lived lifetime in millisecond range. The
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Fig. S38. The temperature-dependent PL transient decay in millisecond range (a) and
in microsecond range (b) of HCBPSF in host doped films. The PL and phosphorescence
spectra of HCBPSF in doped film at 78 K (¢) and 298 K (d). The phosphorescence
proportions were calculated by the component of long-lived lifetime in millisecond
range. The delayed fluorescence and fluorescence proportions were calculated by the
component of long-lived and short-lived lifetime in microsecond range, respectively, as

shown in Table S4.°
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Fig. S39. The PL spectra of CzAcSF and UV-vis absorption spectra of TCBPSF and
HCBPSF.

Table S4. Summary of photophysical data for BPSF, TCBPSF, and HCBPSF.

)\.PLa PLQYb AEsTC PFd DF° th klscg kRISCh kFl ka knrk
mm)| (%) | (eV) (ns/%) (ns/%) (ms/%) aao’s™ | @o*s? |@o®sy|@o’sm|@o'sm
BPSF’ 493| 88 10055 -/58 4.8/30 /- 05 80 23 - -
TCBPSF 498 | 43 003 | 148/193 23.6/29.7 36.1/51 2.07/ 1.02 494 | 6.08/ | 2.16
Doped 481 98 |0.02 14.9/54.8 3.39 4,52 820 | 360 | 3.11
23.3/19.5 13.1/25.7
TCBPSF
HCBPSF |492| 31 [0.03| 923/22.6 6.9/22.0 39.4/55.4 2.60 2.15 759 | 436 | 2.10




Doped 478 72 0.02 16.3/20.0 37.1/58.9 3.53 9.18 8.83 11.4 1.55
3.8/21.1
HCBPSF

The peak values of PL spectra. "Absolute PL quantum yield determined by a calibrated
integrating sphere in degassed conditions; error + 2%. °Singlet-triplet energy gap in
neat films and doped films at 78K. “The fluorescence lifetime and ratio component.
°The delayed fluorescence lifetime and ratio component. ‘The phosphorescence lifetime
and ratio component. £The rate constant of intersystem crossing. "The rate constant of
reversed intersystem crossing. ‘The radiative decay rate of singlet exciton. ‘The
radiative decay rate of triplet exciton. “The nonradiative decay rate of triplet exciton.
The rate constants are calculated using the following equations: kisc = (@p+QDF)/TF, kisc

= (@r+@oF)/(ToF*(1-@DF)), kf = QF/TF, kp = @p/TP, kinr = (1-@p)/Tp.

Device fabrication and characterization

O
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Fig. S40. The electroluminescence spectra of the devices based on CzAcSF: 10%

TCBPSF (a) and HCBPSF (b) at different voltages.
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Fig. S41. (a) Current density-voltage-luminance curves of the devices. (b) Current

efficiency-luminance-power efficiency curves of the devices the devices. (¢) External

quantum efficiency versus luminance curves of the devices. Inset: electroluminescence

spectra of the devices. The device structure is the follows: ITO/PEDOT:PSS (70

nm)/CzAcSF: 20% Emitters (40 nm)/DPEPO (10 nm)/TmPyPB (50 nm)/Liq (1 nm)/Al

(100 nm).

Table SS. EL properties of the solution-processed devices based on CzAcSF: 20%

emitters.
Von (V) Lmax CEmax PEmax EQEmax EL peak CIE
(cd/m?) (cd/A) (Im/W) (%) (nm) xy)
TCBPSF 5.0 905 43.4 24.8 17.9 498 0.19.0.39
(20%)
HCBPSF 55 983 322 16.8 123 492 0.19.0.36
(20%)
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Fig. S42. (a) Current density-voltage-luminance curves of the devices. (b) Current

efficiency-luminance-power efficiency curves of the devices the devices. (¢) External

quantum efficiency versus luminance curves of the devices. Inset: electroluminescence

spectra of the devices. The device structure is the follows: ITO/PEDOT:PSS (70 nm)/

Emitters (40 nm)/DPEPO (10 nm)/TmPyPB (50 nm)/Liq (1 nm)/Al (100 nm).

Table S6. EL properties of the solution-processed non-doped devices.

Von Limax CEmax PEmax EQEmax | EL peak CIE (x,y)
V) (cd/m?) | (cd/A) (Im/W) | (%) (nm)
TCBPSF 6 308 10.3 4.6 5.5 498 0.20. 0.40
HCBPSF 8 205 5.2 2.3 2.8 492 0.19.0.36
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Fig. S52. MALDI-TOF MS spectra of TCBPSF.
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Fig. S59. High-performance liquid chromatogram of the TCBPSF (a) HCBPSF (b) in

acetonitrile/water mixtures.
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