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SUPPLEMENTARY INFORMATION 

 

D-O-A based organic phosphors for both aggregation-induced 

electrophosphorescence and host-free sensitization 
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2-Bromo-9,10-dihydro-9,9-dimethylacridine (1): N-bromosuccinimide (18.60 g, 

105.12 mmol) was slowly added into a solution of 9,9-dimethyl-9,10-dihydroacridine 

(20.90 g, 99.94 mmol) in 120 mL dry DMF at 0 oC. Then the system was stirred for 2 

h at room temperature. After addition of 300 mL water, the mixture was extracted 

with dichloromethane, and washed with aqueous brine. The separated organic layer 

was dried over sodium sulfate, filtered and purified by column chromatography on 

silica gel using petroleum ether/dichloromethane (v/v 5:1) as the eluent to give a 

white solid 1 (19.00 g, 93%). 1H NMR (400 MHz, CDCl3, δ ppm): 7.47 (d, J = 2.1 Hz, 

1H), 7.40 (dd, J = 7.8, 0.9 Hz, 1H ), 7.20 (dd, J = 8.4, 2.1 Hz, 1H ), 7.13 (td, J = 7.8, 

1.3 Hz, 1H ),, 6.95 (t, J = 7.4 Hz, 1H), 6.70 (d, J = 7.8 Hz, 1H), 6.58 (d, J = 8.4 Hz, 

1H), 6.16 (brs, 1H), 1.57 (s, 6H). 13C NMR (100 MHz, CDCl3): 138.0, 137.6, 137.1, 

131.3, 130.7, 129.7, 129.5, 128.5, 127.0, 125.5, 121.1, 115.0, 113.6, 36.4, 30.5. 

HR-ESI-MS (m/z): [M+H]+ calcd. for C15H15BrN, 288.0382; Found, 288.0385. 

 

 

9,10-Dihydro-2-methoxy-9,9-dimethylacridine (2): Sodium lumps (7.97 g, 346.81 

mmol) were cut up and slowly added in a 250 mL round-bottom flask containing 100 

mL dry methanol under argon atmosphere. After dissolved completely, the mixture 

was transferred into a flame-dried two-necked round-bottom flask with a solution of 
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2-bromo-9,10-dihydro-9,9-dimethylacridine (1) (9.01 g, 31.39 mmol) and CuI (17.80 

g, 93.46 mmol) in 150 mL dry DMF. The reaction mixture was heated at 85 °C for 10 

h. When cooled to room temperature, the system was filtered, poured into water and 

extracted by dichloromethane. After removing the solvent, the crude produce was 

purified by silica gel column chromatography to give a white crystal 2 (3.71 g, 56%). 

1H NMR (400 MHz, DMSO-d6, δ ppm): 8.62 (s, 1H), 7.30 (d, J = 7.5 Hz, 1H), 7.01 (t, 

J = 8.0 Hz, 1H), 6.91 (d, J = 2.4 Hz, 1H), 6.70 - 6.77 (m, 4H), 3.70 (s, 3H), 1.47 (s, 

6H). 13C NMR (100 MHz, DMSO-d6): 153.3, 139.4, 132.9, 129.3, 127.2, 126.6, 125.5, 

119.1, 114.0, 113.2, 112.3, 111.3, 55.4, 36.0, 30.8. HR-ESI-MS (m/z): [M+H]+ calcd. 

for C16H18NO, 240.1383; Found, 240.1383. 

 

 

9,10-Dihydro-2-methoxy-9,9-dimethyl-10-methylacridine (3): A mixture of 

9,10-dihydro-2-methoxy-9,9-dimethylacridine (2) (2.21 g, 9.24 mmol) and sodium 

hydride (0.35 g, 14.72 mmol) and dry THF (60 mL) was stirred at room temperature 

for 1h. Then iodomethane (1.57 g, 11.04 mmol) was injected into the mixture, and 

reacted for 6 h. The mixture was slowly poured into 150 mL water, and extracted 

three times with dichloromethane. And a colorless transparent oily liquid 3 (2.28 g, 

98%) was obtained after removing the solvent. 1H NMR (400 MHz, CDCl3, δ ppm): 

7.31 (dd, J = 7.7, 1.6 Hz, 1H), 7.12-7.16 (m, 1H), 6.93 (d, J = 2.8 Hz, 1H), 6.88 (td, J 

= 7.5, 1.0 Hz, 1H), 6.82 (d, J = 8.1 Hz, 1H), 6.77 (d, J = 8.7 Hz, 1H), 6.69 (dd, J = 8.7, 
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2.8 Hz, 1H) 3.72 (s, 3H), 3.32 (s, 3H), 1.44 (s, 6H). 1H NMR (100 MHz, CDCl3): 

154.2, 136.6, 134.3, 132.0, 126.6, 123.6, 120.1, 112.4, 111.7, 110.8, 110.5, 55.7, 36.7, 

33.3, 27.0. HR-ESI-MS (m/z): [M+H]+ calcd. for C17H20NO, 254.1539; Found, 

254.1537. 

 

 

9,10-Dihydro-9,9-dimethyl-10-methyl-2-acridinol (4): Boron tribromide (0.67 mL, 

18.04 mmol) was injected into a 100 mL two-necked round-bottom flask containing a 

solution of 9,10-Dihydro-2-methoxy-9,9-dimethyl-10-methylacridine (3) (2.28 g, 9.02 

mmol) in dry dichloromethane (45 mL) at 0 oC. After stirred at room temperature for 

4 h, the mixture was slowly poured into 100 mL water and extracted three times with 

dichloromethane. After removing the solvent, the crude produce was purified by silica 

gel column chromatography using petroleum ether/dichloromethane/acetone (v/v/v 

100/50/1) as the eluent to afford a white powder 4 (1.92 g, 89%). 1H NMR (400 MHz, 

DMSO-d6, δ ppm): 8.84 (s, 1H), 7.35 (d, J = 7.7 Hz, 1H), 7.17 (t, J = 7.7 Hz, 1H), 

6.88 - 6.94 (m, 2H), 6.81 - 6.84 (m, 2H), 6.63 (dd, J = 8.7, 2.7 Hz, 1H), 3.32 (s, 3H), 

1.41 (s, 6H). 13C NMR (100 MHz, DMSO-d6): 152.2, 142.9, 135.2, 133.8, 131.9, 

127.0, 123.9, 120.2, 113.4, 113.2, 112.2, 111.2, 36.6, 33.6, 27.4. HR-ESI-MS (m/z): 

[M+H]+ calcd. for C18H16NO, 240.1383; Found, 240.1382. 
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9,10-Dihydro-2-methoxy-9,9-dimethyl-10-phenylacridine (5): Under argon 

atmosphere, 1-bromobenzene (0.69 mL, 6.56 mmol) was poured into a 100 mL 

two-necked round-bottom flask containing tris (dibenzylideneacetone) dipalladium 

(0.20 g, 0.22 mmol), tri-tert-butylphosphine tetrafluoroborate (0.32 g, 1.10 mmol), 

sodium tert-butoxide (1.31 g, 13.67 mmol), 

9,10-dihydro-2-methoxy-9,9-dimethylacridine (2) (1.31 g, 5.47 mmol) and toluene 

(60 mL). The mixture was stirred and reflux at 115 °C for 10 h. When cooled to room 

temperature, 180 mL water was added, and the mixture was extracted with 

dichloromethane for three times. After removing the solvent, the crude produce was 

purified by silica gel column chromatography using petroleum ether/dichloromethane 

(v/v 10:1) as the eluent to give a white powder 5 (1.60 g, 96%). 1H NMR (400 MHz, 

CDCl3, δ ppm): 7.61-7.64 (m, 2H), 7.44-7.44 (m, 2H),  7.34-7.36 (m, 2H), 7.06-7.10 

(m, 1H), 6.89-7.00 (m, 2H), 6.55-6.59 (m, 1H), 6.20-6.29 (m, 2H), 3.79 (s, 3H), 1.70 

(s, 6H). 13C NMR (100 MHz, CDCl3): 154.0, 141.5, 141.2, 135.4, 131.4, 131.3, 130.8, 

129.1, 128.0, 126.3, 125.1, 120.0, 114.5, 113.7, 111.6, 110.9, 55.6, 36.2, 30.8. 

HR-ESI-MS (m/z): [M+H]+ calcd. for C22H22NO, 316.1696; Found, 316.1694. 
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9,10-Dihydro-9,9-dimethyl-10-phenyl-2-acridinol (6): According to the same 

procedure of 4, the hydroxyl intermediate 6 was synthesized by Boron tribromide 

(0.43 mL, 11.54 mmol) and 9,10-Dihydro-9,9-dimethyl-10-methyl-2-acridinol (5) 

(1.82 g, 5.77 mmol), and purified by silica gel column chromatography using 

petroleum ether/ethyl acetate (v/v 30:1) as the eluent to give a white powder (1.62 g, 

93%). 1H NMR (400 MHz, DMSO-d6, δ ppm): 8.89 (s, 1H), 7.67 (t, J = 7.7 Hz, 2H), 

7.53 (t, J = 7.4 Hz, 1H), 7.44 (d, J = 7.7 Hz, 1H), 7.33 (d, J = 7.4 Hz, 2H), 6.91-6.95 

(m, 2H),  6.84 (td, J = 7.4, 1.0 Hz, 1H), 6.43 (dd, J = 8.8, 2.7 Hz, 1H), 6.12 (d, J = 

8.2 Hz, 1H), 5.98 (d, J = 8.8 Hz, 1H), 1.58 (s, 6H). 13C NMR (100 MHz, DMSO-d6): 

152.1, 141.6, 141.4, 133.9, 131.5, 131.3, 129.3, 128.6, 126.8, 125.7, 120.2, 115.0, 

113.6, 113.5, 112.3, 36.2, 31.2. HR-ESI-MS (m/z): [M+H]+ calcd. for C21H20NO, 

302.1539; Found, 547.1537. 

 

 

Synthesis of RTP-D1: 9,10-Dihydro-9,9-dimethyl-10-methyl-2-acridinol (4: 1.92 g, 

8.03 mmol), K2CO3 (1.66 g, 12.04 mmol), 15 mL dry NMP and 15 mL dry toluene 

were added into a 100 mL three-necked round-bottom flask, and refluxed 140 oC for 2 
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h under argon atmosphere. When cooled to room temperature, 

2-(4-fluorophenyl)-4,6-diphenyl-1,3,5-triazine (2.28 g, 6.98 mmol) dissolved in 15 

mL dry NMP was added. The mixture was heated to 160 oC and reacted for another 8 

h. After extracted with dichloromethane and removing the solvent, the crude product 

was purified by silica gel column chromatography using petroleum 

ether/dichloromethane (v/v 7:1) as the eluent to afford a white powder RTP-D1 (2.36 

g, 62%). 1H NMR (500 MHz, CDCl3, δ ppm): 8.75 (m, 6H), 7.59 (m, 6H), 7.43 (dd, J 

= 7.6, 1.5 Hz, 1H), 7.29 (m, 1H), 7.24 (d, J = 2.6 Hz, 1H), 7.10 (m, 2H), 6.97-7.05 (m, 

4H), 3.50 (s, 3H), 1.56 (s, 6H). 13C NMR (125 MHz, CDCl3, δ ppm): 171.48, 171.13, 

162.97, 149.40, 142.25, 139.53, 136.36, 134.71, 132.08, 130.92, 129.95, 128.93, 

128.62, 126.81, 123.74, 120.78, 118.43, 116.73, 116.53, 112.99, 112.14, 36.84, 33.58, 

27.12. HR-ESI-MS (m/z): [M+H]+ calcd. for C37H31N4O, 547.2492; Found, 

547.2496. Elemental analysis calcd. (%) for C37H30N4O: C, 81.29; H, 5.53; N, 10.25; 

Found: C, 81.58; H, 5.23; N, 10.25. 

 

 

Synthesis of RTP-D2: According to the same procedure of RTP-D1, 15 mL dry NMP 

and 15 mL dry toluene were added in a 100 mL three-necked round-bottom flask 

including 9,10-Dihydro-9,9-dimethyl-10-phenyl-2-acridinol (6: 1.51 g, 5.02 mmol) 

and K2CO3 (1.04 g, 7.53 mmol) under argon atmosphere, refluxed 140 oC for 2 h. 
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After cooling to room temperature, 2-(4-fluorophenyl)-4,6-diphenyl-1,3,5-triazine 

(1.98 g, 4.36 mmol) and 15 mL dry NMP was added. The mixture was heated to 160 

oC overnight. The silica gel column chromatography with petroleum 

ether/dichloromethane (v/v 7:1) was used to obtain RTP-D2 (white powder, 1.92 g) in 

a yield of 60%. 1H NMR (500 MHz, DMSO-d6, δ ppm): 8.71 (d, J = 8.3 Hz, 6H), 7.68 

- 7.73 (m, 4H), 7.64 (t, J = 7.8 Hz, 4H), 7.59 (t, J = 7.5 Hz, 1H), 7.49 (dd, J = 7.6, 1.6 

Hz, 1H), 7.42 (d, J = 7.4 Hz, 2H), 7.35 (d, J = 2.8 Hz, 1H), 7.13 (d, J = 8.9 Hz, 

2H),6.99 (td, J = 7.5, 1.5 Hz, 1H), 6.91 (td, J = 7.5, 1.2 Hz, 1H), 6.86 (dd, J = 8.9, 2.7 

Hz, 1H), 6.23 (d, J = 8.9 Hz, 1H), 6.17 (dd, J = 8.3, 1.2 Hz, 1H), 1.64 (s, 6H). 13C 

NMR (125 MHz, DMSO-d6, δ ppm): 170.83, 170.44, 162.19, 148.51, 140.58, 140.17, 

137.54, 135.39, 132.63, 131.49, 130.92, 130.72, 130.66, 129.19, 128.85, 128.66, 

128.42, 128.29, 126.31, 125.09, 120.43, 118.21, 117.27, 116.62, 114.74, 113.45, 35.71, 

30.80. HR-ESI-MS (m/z): [M+H]+ calcd. for C42H33N4O, 609.2649; Found, 

609.2647. Elemental analysis calcd. (%) for C42H32N4O: C, 82.87; H, 5.30; N, 9.20; 

Found C, 82.58; H, 5.24; N, 8.96. 
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Supplementary Figure 3. HR-ESI-MS spectrum of RTP-D1. 
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Supplementary Figure 5. ESI-MS spectrum of RTP-D2. 
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Supplementary Tables 

Supplementary Table 1. X-Crystal data and structure refinement for RTP-D1 and 

RTP-D2. 

 RTP-D1  RTP-D2 

Empirical formula C37H30N4O C42H32N4O  

Formula weight 546.65 608.71  

Temperature/K 150 K 150 K 

Crystal system Triclinic Orthorhombic 

Space group P-1 Pbca 

a/Å 7.9086 (13) 24.563 (5) 

b/Å 13.696 (2) 7.4471 (16)  

c/Å 14.996 (2) 34.619 (7) 

α/° 63.761 (6) 90 

β/° 79.572 (6) 90 

γ/° 74.229 (7) 90 

Volume/Å3 1398.6 (4) 6333 (2)  

Z 2 8 

Ρcalc mg/cm3 1.298 1.277  

Absorption coefficient/mm 0.079 0.078 

F(000) 576 2560  

Crystal size/mm3 0.34 x 0.28 x 0.19 0.32 x 0.3 x 0.14 

Radiation MoKα (0.71073 Å) MoKα (0.71073 Å)  

Theta range for data collection/° 2.683 to 28.391 2.033 to 24.998 

Index ranges 
-10<=h<=10, -18<=k<=18, 
-20<=l<=19 

-24<=h<=29, -8<=k<=8, 
-41<=l<=31 

Reflections collected 49202 31687  

Independent reflections 7004 [R(int) = 0.0825] 5571 [R(int) = 0.1079]  

Data/restraints/parameters 7004 / 0 / 382 5571 / 0 / 426 

Goodness-of-fit on F2 1.032 0.943 

Final R indexes [I>=2σ (I)] R1 = 0.0491, wR2 = 0.1268 R1 = 0.0576, wR2 = 0.1289

Final R indexes [all data] R1 = 0.0774, wR2 = 0.1508 R1 = 0.1154, wR2 = 0.1562

Largest diff. peak/hole / e Å-3 0.716 and -0.285 0.248 and -0.254 
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Supplementary Table 2. Photophysical properties and related parameters of RTP-D1 

and RTP-D2. 

Emitter RTP-D1 RTP-D2 

F [ns] 16.8 12.6 

F population [%] a 33.1 29.4 

P  [ns] 488.8 641.4 

RTP population [%] a 66.9 70.6 

F  [%] b 18.2 22.8 

P  [%] b 36.7 54.7 

PL  [%] b 54.9 77.5 

Fkr  [107 S-1] c 1.1 1.8 

F
nrk  [108 S-1] c 0.27 0.18 

P
rk  [105 S-1] c 7.5 8.5 

P
nrk  [106 S-1] c 1.3 0.7 

ISCk  [107 S-1] c 2.2 4.3 

aFluorescence (F) and room-temperature phosphorescence (RTP) populations were estimated from 

a Bigaussian fitting of the PL spectra; bThe PLQYs of fluorescence ( F ) and RTP ( P ) were 

determined by the total PLQY ( PL ) and their corresponding populations; cThe fluorescence 

radiative rate ( Fkr ), fluorescence non-radiative rate ( F
nrk  ), phosphorescence radiative rate ( P

rk ), 

phosphorescence non-radiative rate ( P
nrk ) and intersystem crossing rate ( ISCk ) were obtained by 

the following equations: 
Fkr = F / F           F

nrk =(1- F - P )/ F        P
rk = P / P     

P
nrk = (1- P ) / P         ISCk = P / F  
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Supplementary Table 3. Device performance comparison of organic RTP emitters 

used for OLEDs. 

Year Emitter EML 
EQEmax 

[%] 

CEmax 

[cd/A] 

PEmax 

[lm/W]
Reference 

2016 DMFLTPD-d36 doped 1 - - Adv. Mater. 2016, 28, 655. 

2018 OPM doped 0.6 - - Angew. Chem. Int. Ed. 2018, 57, 16407.

2019 27PNDO doped 0.11 - - J. Mater. Chem. C 2019, 7, 11500. 

2019 BCZ1 nondoped 5.8 13.4 10.5 Adv. Mater. 2019, 31, 1904273. 

2019 DPTZN doped 11.5 33.8 32.6 J. Phys. Chem. Lett. 2019, 10, 5983. 

2020 PSe1 doped 10.7 - - Chem. Mater. 2020, 32, 2583. 

2020 BrPFL doped 2.5 - - ACS Appl. Mater. Interfaces 2020, 12, 6137.

2021 SiAz doped 4.06 - - ACS Appl. Mater. Interfaces 2021, 13, 2899.

2021 pBZ-DPA doped 4.3 6.8 6.3 Dyes and Pigments 2021, 195, 109729. 

2021 BuPhSe doped 9.0 28.39 22.29 J. Mater. Chem. C 2021, 9, 8233. 

2022 
RTP-D1 nondoped 8.6 24.7 24.4 

This work 
RTP-D2 nondoped 15.8 45.8 50.4 

CE: current efficiency; PE: power efficiency; EQE: external quantum efficiency. 
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