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1. Synthesis 

 
Scheme S1. Synthetic route of electron acceptor materials. (i) n-BuLi, Et2O, −78 oC; (ii) 
MeSO3H at room temperature for IAIQ and PAIQ; CF3SO3H at 50 oC for m-TPA-SFIQ and m-
TPA-DPIQ. 
 
11-(2-(9H-carbazol-9-yl)phenyl)-11H-indeno[1,2-b]quinolin-11-ol 

To a flask was added with 9-(2-bromophenyl)-9H-carbazole (258 mg, 0.8 mmol) and 1 ml anhydrous diethyl 

ether, the reaction mixture was stirred at -78 oC for 10 min and then added dropwise with 0.8 ml of 1.6 M n-

BuLi. After another stirring for 1 h, 11H-indeno[1,2-b]quinolin-11-one (185 mg, 0.8 mmol) dissolved in 2 

ml anhydrous diethyl ether under N2, was introduced into the reaction system via syringe injection. The 

mixture was stirred at -78 oC for a few of minutes and then kept stirring at rt overnight. The reaction was 

quenched with NH4Cl aqueous and extracted with ethyl acetate (20 mL x 3). The combined organic phase 

was washed successively with water, brine and dried with anhydrous Na2SO4. The filtrate was concentrated 

under vacuum and purified through column chromatography to give a white solid. (110 mg, 30%) 1H NMR 

(300 MHz, DMSO-d6) δ 8.77 (d, J = 8.1 Hz, 1H), 7.91 (s, 1H), 7.86 (t, J = 7.7 Hz, 1H), 7.73 (d, J = 7.7 Hz, 

1H), 7.66 (d, J = 7.9 Hz, 1H), 7.61 – 7.43 (m, 4H), 7.33 (dd, J = 19.6, 7.5 Hz, 2H), 7.18 (t, J = 7.2 Hz, 1H), 

7.07 – 6.96 (m, 2H), 6.92 (t, J = 7.3 Hz, 2H), 6.72 (t, J = 7.7 Hz, 1H), 6.51 (s, 1H), 6.46 (t, J = 7.4 Hz, 1H), 

6.35 (t, J = 7.6 Hz, 1H), 6.05 (d, J = 8.1 Hz, 1H), 5.84 (d, J = 8.0 Hz, 1H). MS (ESI): 475.18 [M+H]+ 

spiro[indeno[1,2-b]quinoline-11,8'-indolo[3,2,1-de]acridine] (IAIQ) 
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To a reaction flask was added raw material (474mg, 1mmol), and CH3SO3H (5 mL). The reaction mixture 

was stirred at RT for 30 min. Water and EA was added. The organic layer was separated, washed with water, 

and dried over Na2SO4, concentrated under vacuum and then purified by column chromatography to get a 

white solid as product, 420 mg in 92% yield. 1H NMR (300 MHz, DMSO-d6) δ 8.54 (d, J = 8.5 Hz, 1H), 8.44 

(d, J = 7.8 Hz, 1H), 8.36 (d, J = 7.8 Hz, 1H), 8.26 (d, J = 7.6 Hz, 1H), 8.16 (d, J = 8.4 Hz, 1H), 8.09 – 8.05 

(m, 2H), 7.84 (d, J = 7.7 Hz, 1H), 7.79 – 7.69 (m, 2H), 7.60 (t, J = 7.5 Hz, 1H), 7.52 – 7.42 (dtd, J = 11.7, 

7.1, 2.6 Hz, 4H), 7.21 (d, J = 7.6 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 6.93 (t, J = 7.4 Hz, 1H), 6.56 - 6.53 (dd, 

J = 7.9, 1.4 Hz, 1H), 6.45 (d, J = 7.5 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 160.13, 156.00, 148.79, 

147.48, 138.95, 138.69, 137.11, 136.72, 132.06, 131.83, 129.72, 129.53, 129.29, 129.15, 128.81, 128.34(2C), 

128.21, 126.94, 126.50, 126.29, 126.11, 124.32, 123.57, 122.90, 122.83, 121.96, 121.48, 121.39, 118.54, 

114.61, 113.92, 54.56. MS (ESI): 457.17 [M+H]+. HRMS (ESI) (m/z): Calcd. for C34H20N [M+H]+: 457.1699, 

Found: 457.1698. 

11-(2-(9H-carbazol-9-yl)phenyl)-11H-indeno[1,2-b]quinolin-11-ol 

To a flask was added with 9-(2-bromophenyl)-9H-carbazole (260 mg, 0.8 mmol) and 1 ml anhydrous diethyl 

ether, the reaction mixture was stirred at -78 oC for 10 min and then added dropwise with 0.8 ml of 1.6 M n-

BuLi. After another stirring for 1 h, 11H-indeno[1,2-b]quinolin-11-one (185 mg, 0.8 mmol) dissolved in 2 

ml anhydrous diethyl ether under N2, was introduced into the reaction system via syringe injection. The 

mixture was stirred at -78 oC for a few of minutes and then kept stirring at rt overnight. The reaction was 

quenched with NH4Cl aqueous and extracted with ethyl acetate (20 mL x 3). The combined organic phase 

was washed successively with water, brine and dried with anhydrous Na2SO4. The filtrate was concentrated 

under vacuum and purified through column chromatography to give a white solid. (164 mg, 43%) 1H NMR 

(300 MHz, DMSO-d6) δ 8.59 (d, J = 7.9 Hz, 1H), 7.89 (d, J = 8.4 Hz, 1H), 7.75 (dd, J = 5.3, 3.2 Hz, 1H), 

7.65 – 7.50 (m, 4H), 7.42 (t, J = 7.5 Hz, 1H), 7.38 – 7.28 (m, 3H), 7.24 (dd, J = 5.7, 3.1 Hz, 1H), 6.76 (t, J = 

7.3 Hz, 3H), 6.66 (t, J = 7.2 Hz, 1H), 6.46 (dd, J = 15.7, 7.5 Hz, 3H), 6.21 (t, J = 7.3 Hz, 1H), 6.04 (d, J = 

8.4 Hz, 2H), 5.95 (d, J = 7.9 Hz, 2H). MS (ESI): 477.20 [M+H]+ 

10-phenyl-10H-spiro[acridine-9,11'-indeno[1,2-b]quinoline] (PAIQ) 

To a reaction flask was added raw material (476mg, 1mmol), and CH3SO3H (5 mL). The reaction mixture 

was stirred at RT for 30 min. Water and EA was added. The organic layer was separated, washed with water, 

and dried over Na2SO4, concentrated under vacuum and then purified by column chromatography to give a 

white solid. (407 mg, 89%) 1H NMR (300 MHz, DMSO-d6) δ 8.26 (s, 1H), 8.21 (d, J = 6.5 Hz, 1H), 8.13 (d, 

J = 8.4 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.85 – 7.74 (m, 3H), 7.70 – 7.65 (m, 3H), 7.59 – 7.49 (m, 4H), 7.01 

– 6.95 (m, 2H), 6.58 (t, J = 7.0 Hz, 2H), 6.32 – 6.28 (dd, J = 7.0, 3.7 Hz, 4H). 13C NMR (101 MHz, 

Chloroform-d) δ 160.12, 157.20, 148.72, 148.70, 148.63, 141.32(2C), 141.03, 138.49, 132.16, 131.86, 

131.31(2C), 131.24(2C), 129.41, 129.27, 128.75, 128.54, 128.41, 128.36, 128.17(2C), 127.66(2C), 126.39, 

126.03, 124.54, 121.88, 120.83(2C), 114.95(2C), 54.54. MS (ESI): 458.18 [M+H]+. HRMS(MALDI-TOF) 

(m/z): Calcd for C34H22N2 [M+]:458.1783, Found: 458.1841. 

bis(3-(phenyl(m-tolyl)amino)phenyl)(2-(quinolin-2-yl)phenyl)methanol 
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To a flask was added with 2-(2-bromophenyl)quinoline (41 mg, 0.145 mmol) and 1 ml anhydrous diethyl 

ether, the reaction mixture was stirred at -78 oC for 10 min and then added dropwise with 0.1 ml of 1.6 M n-

BuLi. After another stirring for 1 h, bis(3-(phenyl(m-tolyl)amino)phenyl) methanone (70 mg, 0.13 mmol) 

dissolved in 2 ml anhydrous diethyl ether under N2, was introduced into the reaction system via syringe 

injection. The mixture was stirred at -78 oC for a few of minutes and then kept stirring at rt overnight. The 

reaction was quenched with NH4Cl aqueous and extracted with ethyl acetate (15 mL x 3). The combined 

organic phase was washed successively with water, brine and dried with anhydrous Na2SO4. The filtrate was 

concentrated under vacuum and purified through column chromatography to give a white solid. (65 mg, 67%) 

1H NMR (300 MHz, DMSO-d6) 1H NMR (300 MHz, DMSO-d6) δ 7.95 – 7.89 (m, 2H), 7.78 – 7.73 (m, 

1H), 7.69 (s, 1H), 7.64 – 7.58 (m, 1H), 7.23 – 7.15 (m, 6H), 7.12 – 7.10 (m, 3H), 7.07 – 7.04 (m, 4H), 6.94 

– 6.92 (m, 3H), 6.89 – 6.88 (m, 3H), 6.85 (s, 2H), 6.77 (s, 2H), 6.74 – 6.72 (d, 4H), 6.69 – 6.67 (d, 4H), 6.34 

(s, 1H), 2.12 (s, 6H). MS (ESI): 750.48 [M+H]+. 

3,3'-(11H-indeno[1,2-b]quinoline-11,11-diyl)bis(N-phenyl-N-(m-tolyl)aniline) （m-TPA-DPIQ） 

To a reaction flask was added raw material (880 mg, 1.17 mmol), and CH3SO3H (10 mL). The reaction 

mixture was stirred at RT for 5 h. The reaction was neutralized with sodium bicarbonate and extracted with 

ethyl acetate. The combined organic phase was washed successively with water, brine and dried with 

anhydrous Na2SO4. The filtrate was concentrated under vacuum and then purified by column chromatography 

to give a yellow solid. (200 mg, 23.4%) 1H NMR (300 MHz, DMSO-d6) δ 8.13 (s, 1H), 8.07 (d, J = 9.1 Hz, 

2H), 7.90 (d, J = 7.5 Hz, 1H), 7.76 (t, J = 7.0 Hz, 1H), 7.52 – 7.43 (m, J = 7.1 Hz, 2H), 7.33 (s, 1H), 7.24 (t, 

J = 7.9 Hz, 4H), 7.12 (td, J = 7.8, 4.2 Hz, 4H), 6.99 (d, J = 7.3 Hz, 2H), 6.90 (d, J = 7.6 Hz, 4H), 6.83 (d, J 

= 9.2 Hz, 4H), 6.75 - 6.66 (m, 8H), 2.16 (s, 6H). 13C NMR (75 MHz, CDCl3) δ 151.97, 147.51, 147.17, 

146.96, 145.70, 142.53, 138.45, 138.24, 132.10, 130.16, 128.77, 128.60(4C), 128.47(4C), 127.78, 127.65, 

127.20, 125.85, 125.30, 124.31(3C), 123.76(3C), 123.52(4C), 123.27(3C), 122.12(3C), 121.89(3C), 121.69, 

121.20(3C), 120.89(3C), 62.37, 31.15, 29.84, 29.20. MS (ESI): 732.69 [M+H]+ 

  



 

5 

2. Thermal properties 

 

Figure S1. (a) Thermal decomposing curves from TGA, and (b) glass transition temperature 

from DSC traces recorded at a heating rate of 10 oC min−1. 

 

3. Cyclic voltammetry data 

 

Figure S2. Cyclic voltammograms measurements. The Oxidation and reduction potentials 

were measured in DMF with 0.1 M n-Bu4NPF6 as the supporting electrolyte, respectively. 
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4. Computational simulations 

Table S1. TD-DFT calculations of IAIQ, PAIQ and m-TPA-DPIQ on S0 geometry. 

Molecule Molecular Orbitals Energy Level 
(eV) Transition Contribution Oscillator 

Strength 

IAIQ 

LUMO 

 

−1.77 

LUMO®

HOMO 
0.992 0.002 

HOMO 

 

−5.42 

PAIQ 

LUMO 

 

−1.72 

LUMO®

HOMO 
0.995 0.001 

HOMO 

 

−5.16 

M-TPA-

DPIQ 

LUMO 

 

−1.73 

LUMO®

HOMO 
0.992 0.002 

HOMO 

 

−5.02 
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5. Photophysical properties 

 

Figure S3. UV-Vis absorption of IAIQ, PAIQ, and m-TPA-DPIQ in neat films. 

 

Figure S4. Transient decay curves of NPB with IAIQ, PHAIQ and m-TPA-DPIQ (1:1 wt%). 
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Figure S5. Photophysical properties of Ir(mpiq)2divm. 

 

 

Figure S6. Transient decay curves of Ir(mpiq)2divm (10 wt%) in the cohosts films. 
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Table S2. Photophysical properties of the solid-state films.  

solid-state film 
labs a 

[nm] 

lPL 
a 

[nm] 

τave
a 

[μs] 
lPL

b 

[nm] 

τb 

[μs] 

Φb 

[%] 

NPB 274, 342 435 13.4 633 1.1 42 

IAIQ:NPB 254, 337, 352 477 10.2 630 0.9 51 

PAIQ:NPB 264, 336, 352 466 5.9 630 0.8 70 

m-TPA-DPIQ:NPB 272, 334, 350 445 11.2 630 1.0 40 

a Cohost blends with 1:1 weight ratio; b cohost blends with additional 10 wt % of Ir(mpiq)2divm (i.e., 4.5:4.5:1). 
Here, labs and lPL are the peaks in the absorption and PL spectra, respectively, τ is the lifetime, and Φ refers to 
the PLQY at 630 nm. 

 
 
 

6. Device data 

 

Figure S7. The J1/2-V curves of (a) the hole-only device with the structure of ITO/PEDOT:PSS 

(40 nm)/IAIQ/MoO3 (5 nm)/Al, and (b) the electron-only device with the structure of 

ITO/ZnO/IAIQ/LiF(1 nm)/Al. The hole mobility and electron mobility of IAIQ can be obtained 

based on the space-charge-limited current model, which are 3.34×10−5 cm2/Vs and 2.06×10−4 

cm2/Vs, respectively. 
 

 

 

Hole-only device Electron-only device

(a) (b)
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Figure S8. Lifetime measurement on device A2 which shows the highest EQEmax. 

 

 

Figure S9. CIE coordinates of the EL spectra. 
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Table S3. Comparison of the EL performances of OLEDs doped with red phosphorescent 

dopant. 

EML host, dopant 
EL peak (nm), 

CIE(x, y) 
Device Type 

EQEmax, 

EQE@1000 

nits (%) 

PEmax, 

PE@1000 

nits (%) 

Reference 

IAIQ, Ir(mpiq)2divm 635, (0.70,0.30) solution 25.1, 18.7 10.5, 3.7 This work 

PAIQ, Ir(mpiq)2divm 635, (0.70,0.30) solution 23.4, 17.1 10.3, 3.4 This work 

M-TPA-DPIQ, Ir(mpiq)2divm 635, (0.70,0.30) solution 21.7, 18.3 9.7, 4.1 This work 

TMM 038, Ir(piq)3 -, (0.67, 0.33) -, - -, - 3.2, - (1) 

m-MTDATA, R-D1 -, (0.68, 0.32) solution 5.1, 5.1 3.3, 3.2 (2) 

m-MTDATA, R-D2 -, (0.67, 0.33) solution 5.7, 5.6 3.3, 3.3 (2) 

m-MTDATA, R-D3 -, (0.67, 0.33) solution 10.5, 10.1 7.0, 6.9 (2) 

m-MTDATA/o-CzOXD, (TP-

BQ)2Ir(acac) 
656,(0.66, 0.33) solution 11.9, - -, - (3) 

NPB/Bebq2, Ir(SQ)2(acac) 688,(0.70, 0.27) solution 11.2, - 0.48, - (4) 

TCPB, Ir(piq)3 621,(0.67, 0.33) evaporation 18.6, 7.93 19.8, 3.83 (5) 

TCPY, Ir(piq)3 621,(0.67, 0.33) evaporation 18.4, 13.8 19.3, 6.72 (5) 

TCPM, Ir(piq)3 621,(0.67, 0.33) evaporation 18.2, 15.4 18.7, 9.8 (5) 

Bebq2, Ir(piq) 3 621,(0.69, 0.32) evaporation -, 14 -, 6.0 (6) 

Bebq2, TLEC-025 621,(0.67, 0.33) evaporation -, 14.4 -, 6.7 (6) 

o-TPATHZ, Ir(piq)3 -, (0.68, 0.32) evaporation 14.4, 12.8 10.8, - (7) 

m-TPATHZ, Ir(piq)3 -, (0.67, 0.33) evaporation 11.6, 10.4 9.3, - (7) 

p-TPATHZ, Ir(piq)3 -, (0.67, 0.33) evaporation 16.2, 15.7 13.6, - (7) 

2,6-DCzPPy, Ir3 638,(0.69, 0.31) evaporation 15.0, 11.9 11.9, 9.4 (8) 

2,6-DCzPPy, Ir4 639,(0.69, 0.31) evaporation 17.8, 11.4 14.0, 8.9 (8) 
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7. 1H NMR and 13C NMR spectra 

 
Figure S10. 1H NMR of IAIQ. 

 

 

 
Figure S11. 13C NMR of IAIQ. 
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Figure S12. 1H NMR of PAIQ. 

 

 

 
Figure S13. 13C NMR of PAIQ. 
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Figure S14. 1H NMR of m-TPA-PDIQ. 
 

 

 
Figure S15. 13C NMR of m-TPA-PDIQ. 
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