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Supporting Information

General Information. All experimental materials and solvents were obtained
from commercial approach without any further purification if not particularly
mentioned. "H NMR and '3C NMR spectra were performed on a Bruker Advance 600
MHz using DMSO-d6, CDCIl; and acetone-d6 as solvents at room temperature.
Molecular masses were measured on matrix-assisted laser desorptionionization time-
of-flight mass spectrometry (MALDI-TOF-MS) using a BRUKER DALTONICS
instrument and a-cyanohydroxycinnamic acid was selected as a matrix. UV-Vis
absorption spectra were measured on UV-2600 (Shimadzu Corporation) and
photoluminescence emission spectra were obtained from Fluoromax-4 (Horiba Jobin
Yvon Inc) spectrophotometer. The solid and solution PL quantum efficiencies of the
targeted product were measured using an integrating sphere under nitrogen at room
temperature. Thermo gravimetric analysis (TGA) was performed with Netzsch
simultaneous thermal analyzer (STA) system (STA409 PC) under a dry nitrogen gas
flow at a heating rate of 10 ‘C min’!. Differential scanning calorimetry (DSC) curves
were measured using a Netzsch instrument (TA, Netzsch). The particle size
distribution was measured by dynamic light scattering (DLS) using a
BROOKHAVEN instrument. The film surface morphology was determined by atomic
force microscopy (AFM) (Seiko Instruments, SPA-400). X-ray diffraction (XRD)
analyses were measured on a BRUKER D8-DISCOVER diffractometer using Cu Ka
radiation. Cyclic voltammogram was performed in CH,Cl, solution (10 M) with
tetrabutylammonium hexafluorophosphate (0.1 M) as supporting electrolyte and
ferrocene as the internal standard at a scant rate of 100 mV s' on CHI750C
voltammetric analyzer. A platinum plate, silver wire and aplatinum wire were used as

the working, reference and counter electrode, respectively.

Device Fabrication and Measurements. Prior to use, the glass substrates were
coated with indium tin oxide (ITO) with a sheet resistance of 15 Q per square and
then sequentially cleaned in an ultrasonic bath with deionized water, acetone and

ethanol for 15 minutes. The ITO layer was produced by magnetron sputtering
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technology with a roughness of 9.8 A. A PEDOT:PSS layer (50 nm) was spin-coated
onto the ITO surface and baked at 150 “C for 10 min to remove the residual water.
Then, an EML with a thickness of about 40 nm was spin-coated from a filtered 10 mg
mL-! 1, 2-dichloroethane solution onto the PEDOT: PSS layer and annealed at 80 ‘C
for 30 min to remove the residual solvent under N, atmosphere. Then, an electron-
transport layer TPBi, a Cs,CO; layer and an Al layer were deposited consecutively
onto the spin-coated film in a vacuum chamber at ~ 4x10** Pa with the deposition
rates of 1-2 A s71, 0.1 A s71, 6 A s7!, respectively. The emission area was 2x2 mm2
controlled through a shadow mask. All the characterizations were measured
immediately after manufacture at room temperature in ambient condition without
encapsulation. The current density and luminance versus driving voltage curves and
electroluminescence spectra were measured by a Keithley 2400s source meter and
PR655 spectra colorimeter. External quantum efficiencies of the devices were

calculated assuming a Lambertian emission distribution.

Calculation of rate constants!-2
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The rate constants were calculated according to above equation (1)-(6): Where ™ and



Td were the lifetimes of the prompt and delayed decay components, respectively. Pp,

and Pp were the total PL quantum yield, prompt fluorescence and delayed
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fluorescence quantum yield, respectively.
constant for fluorescence radiative transition, non-radiative transition, intersystem

crossing (ISC) and reverse intersystem crossing (RISC) processes, respectively. 4y

A

+ 72 exp

and 4y were the frequency factfrs ﬁpfording to (\hetﬁ)llowed fitting model of transient
Tq
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Scheme S1. The synthetic routes of these emitters.

Synthesis of (9-(4-bromophenyl)-9H-carbazol-3-yl)(4-fluorophenyl)methanone
(1). To a solution of 9-(4-bromophenyl)-9H-carbazole (5 g, 15.5 mmol) and
aluminium chloride (2.07 g, 15.5 mmol) in 50 mL dry dichloromethane at 0 ‘C, 4-
fluorobenzoyl chloride (2.95 mg, 18.6 mmol) was added dropwise. After the addition
was completed, the mixture was stirred at room temperature for 12 h. The reaction

was quenched by adding 40 mL ice-HCI solution, and the aqueous layer was
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separated from the organic layer. Then the aquatic phase was further extracted with
dichloromethane for several times. The combined organic solution was evaporated
under vacuo to afford intermediate products. The solvent was removed under reduced
pressure and the residue was purified on a silica gel column using petroleum
ether/dichloromethane mixture (4:1, v/v) as eluent to afford the product as white
powder in 91% yield. '"H NMR (600 MHz, DMSO-d6) & [ppm]: 8.71 (d, J = 1.4 Hz,
1H), 8.39 (d, J = 7.7 Hz, 1H), 7.92-7.85 (m, 5H), 7.67-7.65 (m, 2H), 7.51 (ddd, J =
13.7, 7.7, 3.8 Hz, 2H), 7.45-7.41 (m, 3H), 7.38-7.35 (m, 1H). 3C NMR (150 MHz,
DMSO-d6) & [ppm]: 194.51, 165.69, 164.03, 142.92, 141.36, 135.97, 135.20, 135.19,
133.79, 132.92, 132.86, 129.76, 129.58, 128.95, 127.72, 123.89, 123.30, 123.10,
121.75, 121.65, 121.52, 116.12, 115.97, 110.55, 110.07. MS (MALDI-TOF) [m/z]:
caled for Co5H5sBrFNO, 443.03; found, 443.040.

Synthesis of (9-(4-(diphenylamino)phenyl)-9H-carbazol-3-yl)(4-
fluorophenyl)methanone (2). 2 (4 g, 9 mmol), diphenylamine (1.98 g, 11.7 mmol),
Pd(OAc), (51.6 mg, 0.23 mmol), HP(t-Bu);BF,; (66.7 mg, 0.23 mmol), t-BuONa
(1.69 g, 17.55 mmol) were dissolved in 30 mL toluene and refluxed for 24 h under
nitrogen. After cooled, the mixture was extracted with dichloromethane and washed
with brine for three times. After dried over anhydrous Na,SO,, the solvent was
removed under reduced pressure and the residue was purified with column
chromatography on silica gel using petroleum ether/dichloromethane mixture (3:1, v/v)
as the eluent to afford the product as white powder in 87% yield. 'H NMR (600 MHz,
DMSO-d6) & [ppm]: 8.69 (d, J = 1.4 Hz, 1H), 8.37 (d, J = 7.8 Hz, 1H), 7.91-7.86 (m,
3H), 7.56-7.49 (m, 4H), 7.41 (ddd, J = 15.9, 8.3, 4.2 Hz, 7TH), 7.34 (dd, J = 11.3, 4.3
Hz, 1H), 7.23-7.17 (m, 6H), 7.14 (t, J = 7.4 Hz, 2H). 3C NMR (150 MHz, DMSO-d6)
O [ppm]: 194.49, 147.62, 147.30, 143.31, 141.79, 135.29, 135.27, 132.90, 132.8,
130.26, 130.02, 129.36, 128.77, 128.39, 127.53, 125.21, 124.30, 123.92, 123.59,
123.07, 122.78, 121.61, 121.30, 116.07, 115.93, 110.69, 110.13. MS (MALDI-TOF)
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[m/z]: calcd for C37H,5sFN>O, 532.20; found, 532.246.

Synthesis of tris(4-(3-(2-ethylhexyl)-9H-carbazol-9-yl)phenyl)amine (3). tris(4-
iodophenyl)amine (4 g, 6.13 mmol), 3-(2-ethylhexyl)-9H-carbazole (6.85 g, 24.52
mmol), Pd(OAc), (110 mg, 0.49 mmol), HP(t-Bu);BF, (142.2 mg, 0.49 mmol), t-
BuONa (3.53 g, 36.78 mmol) were dissolved in 60 mL toluene and refluxed for 24 h
under nitrogen. After cooled, the mixture was extracted with dichloromethane and
washed with brine for three times. After dried over anhydrous Na,SO,, the solvent
was removed under reduced pressure and the residue was purified with column
chromatography on silica gel using petroleum ether/dichloromethane mixture (3:1, v/v)
as the eluent to afford the product as white powder in 83% yield. "H NMR (600 MHz,
DMSO0-d6) & [ppm]: 8.23 (d, J = 7.6 Hz, 3H), 8.02 (s, 3H), 7.67 (d, ] = 8.4 Hz, 6H),
7.55 (d, J = 8.5 Hz, 6H), 7.50-7.36 (m, 9H), 7.33-7.23 (m, 6H), 2.70 (d, J = 6.8 Hz,
6H), 1.69-1.64 (m, 3H), 1.45-1.20 (m, 24H), 0.87 (dt, J = 18.5, 7.0 Hz, 18H). 13C
NMR (150 MHz, CDCl;) 6 [ppm]:141.11, 139.41, 133.54, 133.07, 128.07, 127.44,
125.71, 125.33, 123.34, 123.31, 120.47, 120.26, 119.72, 109.77, 109.35, 41.71, 40.15,
32.36, 28.93, 2542, 23.11, 14.19, 10.87. MS (MALDI-TOF) [m/z]: caled for
C78HgaNy, 1076.67; found, 1076.679.

Synthesis of ((nitrilotris(benzene-4,1-diyl))tris(6-(2-ethylhexyl)-9H-carbazole-9,3-
diyl))tris((4-fluorophenyl)methanone) (4). The synthetic process of 4 was similar to
that for 1 as green powder with a yield of 90%. '"H NMR (600 MHz, DMSO-d6) &
[ppm]: 8.68 (d, J = 1.5 Hz, 3H), 8.18 (s, 3H), 7.89 (ddd, J = 12.9, 7.2, 1.8 Hz, 9H),
7.72 (d, J = 8.7 Hz, 6H), 7.58 (t, J = 8.5 Hz, 9H), 7.48-7.37 (m, 9H), 7.33 (dd, J = 9.8,
1.4 Hz, 3H), 2.69 (d, J = 6.9 Hz, 6H), 1.67 (dt, ] = 12.2, 6.1 Hz, 3H), 1.35-1.19 (m,
24H), 0.85 (dt, J = 15.4, 7.2 Hz, 18H). 3*C NMR (150 MHz, CDCl;) é [ppm]: 195.17,
165.88, 164.21, 146.64, 143.56, 140.20, 135.07, 135.05, 134.86, 132.52, 132.46,
132.39, 129.29, 128.34, 128.23, 125.48, 115.43, 115.29, 109.82, 41.68, 40.12, 32.30,



28.88, 25.36, 23.10, 14.18, 10.84. MS (MALDI-TOF) [m/z]: calcd for CooHg3 F3N4O3,
1443.72; found, 1443.724.

Synthesis of (4-(9,9-diphenylacridin-10(9H)-yl)phenyl)(9-(4-
(diphenylamino)phenyl)-9H-carbazol-3-yl)methanone (DPAC-BPCTPA). 9.9-
diphenyl-9,10-dihydroacridine (406.78 mg, 1.22 mmol) was dissolved in 15 mL dry
dimethylformamide (DMF) and t-BuOK (210.95 mg, 1.88 mmol) was added under
nitrogen atmosphere. The mixture was stirred at room temperature for 30 minutes.
Then, 2 (500 mg, 0.94 mmol) was dissolved in 5 mL dry dimethylformamide (DMF)
and added to the mixture dropwise. After the addition was completed, the mixture was
stirred at 110 ‘C for 12 h. After cooling to room temperature, the resulting mixture
was poured into water and extracted with ethyl acetate for three times. The combined
organic solution were washed with brine three times. After dried over anhydrous
MgSO,, the solvent was removed under reduced pressure and the residue was purified
with column chromatography on silica gel using petroleum ether/dichloromethane
mixture (2:1, v/v) as the eluent to afford the product as green powder in 87% yield. 'H
NMR (600 MHz, DMSO-d6) & [ppm]: 8.81 (d, J = 1.5 Hz, 1H), 8.41 (d, J = 7.8 Hz,
1H), 8.02 (d, J = 8.3 Hz, 2H), 7.98 (dd, J = 8.6, 1.7 Hz, 1H), 7.57-7.50 (m, 4H), 7.44
(d, J = 8.2 Hz, 1H), 7.41-7.38 (m, 4H), 7.37-7.31 (m, 5H), 7.28 (t, J = 7.6 Hz, 4H),
7.22-7.18 (m, 6H), 7.17-7.12 (m, 4H), 6.95 (ddd, J = 11.8, 8.3, 4.1 Hz, 6H), 6.81 (dd,
J=17.8, 1.4 Hz, 2H), 6.51 (dd, J = 8.2, 0.7 Hz, 2H). 13C NMR (150 MHz, DMSO-d6)
O [ppm]: 195.02, 147.64, 147.31, 146.43, 141.82, 141.70, 132.63, 131.13, 130.27,
130.09, 130.02, 129.70, 128.42, 128.33, 127.74, 127.57, 127.02, 125.22, 124.31,
123.60, 121.12, 114.70. MS (MALDI-TOF) [m/z]: calcd for CgHy3N3O, 845.34;
found, 846.332. Melting point: 174.3°. Anal. Calcd for C5;H43N30: C, 88.02; H, 5.12;
N, 4.97; O, 1.89. Found: C, 88.10; H, 5.04; N, 5.06.

Synthesis of (4-(9,9-dimethylacridin-10(9H)-yl)phenyl)(9-(4-



(diphenylamino)phenyl)-9H-carbazol-3-yl)methanone (DMAC-BPCTPA).

The synthetic process of DMAC-BPCTPA was similar to that for DPAC-BPCTPA as
green powder with a yield of 88%. 'H NMR (600 MHz, DMSO-d6) & [ppm]: 8.85 (d,
J=1.6 Hz, 1H), 8.42 (d, J = 7.8 Hz, 1H), 8.09 (d, J = 8.3 Hz, 2H), 8.01 (dd, J = 8.6,
1.6 Hz, 1H), 7.62-7.50 (m, 9H), 7.45 (d, J = 8.2 Hz, 1H), 7.42-7.36 (m, 5H), 7.20 (dd,
J=10.7, 8.2 Hz, 6H), 7.14 (t, J = 7.4 Hz, 2H), 7.07-7.03 (m, 2H), 6.34 (dd, J = 8.2,
0.8 Hz, 2H), 1.65 (s, 6H). 3C NMR (150 MHz, DMSO-d6) & [ppm]: 195.10, 147.64,
147.32, 140.53, 132.88, 131.25, 130.60, 130.28, 130.04, 128.43, 127.05, 125.92,
125.22, 124.31, 123.62, 121.73, 121.42, 121.33, 114.56, 36.14, 31.56. MS (MALDI-
TOF) [m/z]: calcd for CspH39N30, 721.31; found, 722.300. Melting point: 155.6°.
Anal. Calcd for C5,H39N30: C, 86.52; H, 5.45; N, 5.82; O, 2.22. Found: C, 86.50; H,
5.51; N, 5.87.

Synthesis of  (4-(10H-phenoxazin-10-yl)phenyl)(9-(4-(diphenylamino)phenyl)-
9H-carbazol-3-yl)methanone (PXZ-BPCTPA).

The synthetic process of PXZ-BPCTPA was similar to that for DPAC-BPCTPA as
yellow powder with a yield of 82%. 'H NMR (600 MHz, CDCl5) 8 [ppm]: 8.73 (d, ] =
1.5 Hz, 1H), 8.20 (d, J = 7.8 Hz, 1H), 8.09 (d, J = 8.2 Hz, 2H), 8.01 (dd, J = 8.6, 1.7
Hz, 1H), 7.53-7.47 (m, 5H), 7.41-7.38 (m, 2H), 7.36-7.31 (m, 5H), 7.29-7.27 (m, 2H),
7.24-7.21 (m, 4H), 7.11 (t, J = 7.3 Hz, 2H), 6.73 (dd, J = 7.7, 1.5 Hz, 2H), 6.71-6.63
(m, 4H), 6.05 (d, J = 7.8 Hz, 2H). *C NMR (150 MHz, CDCl;) & [ppm]: 195.49,
147.82, 147.33, 144.01, 143.82, 142.27, 142.04, 138.85, 133.88, 132.68, 130.73,
130.08, 129.55, 128.89, 128.66, 127.81, 126.82, 125.01, 123.78, 123.71, 123.56,
123.30, 123.22, 123.02, 121.76, 120.87, 120.70, 115.64, 113.39, 110.45, 109.63. MS
(MALDI-TOF) [m/z]: caled for C49H33N30,, 695.26; found, 696.250. Melting point:
183.4°. Anal. Calcd for C49H33N30,: C, 84.58; H, 4.78; N, 6.04; O, 4.60. Found: C,
84.51; H, 4.82; N, 6.11.
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Synthesis of ((nitrilotris(benzene-4,1-diyl))tris(6-((S)-2-ethylhexyl)-9H-carbazole-
9,3-diyl))tris((4-(9,9-diphenylacridin-10(9H)-yl)phenyl)methanone) (BDPAC-
BPCTPA).

9,9-diphenyl-9,10-dihydroacridine (733.55 mg, 2.2 mmol) was dissolved in 15 mL
dry dimethylformamide (DMF) and t-BuOK (123.3 mg, 1.1 mmol) was added under
nitrogen atmosphere. The mixture was stirred at room temperature for 30 minutes.
Then, 4 (800 mg, 0.55 mmol) was dissolved in 10 mL dry dimethylformamide (DMF)
and added to the mixture dropwise. After the addition was completed, the mixture was
stirred at 110 ‘C for 12 h. After cooling to room temperature, the resulting mixture
was poured into water and extracted with ethyl acetate for three times. The combined
organic solution was washed with brine three times. After dried over anhydrous
MgSO,, the solvent was removed under reduced pressure and the residue was purified
with column chromatography on silica gel using petroleum ether/dichloromethane
mixture (2:1, v/v) as the eluent to afford the product as green powder in 74% yield.

'H NMR (600 MHz, Acetone-d6) & [ppm]: 8.69 (d, J = 1.5 Hz, 3H), 8.04 (s, 3H), 7.96
(d, J=8.3 Hz, 6H), 7.91 (dd, J = 8.6, 1.6 Hz, 3H), 7.64 (d, J = 8.8 Hz, 6H), 7.59 (d, J
= 8.8 Hz, 6H), 7.49 (d, J = 8.6 Hz, 3H), 7.35 (d, J = 8.4 Hz, 3H), 7.27 (dd, J = 8.4, 1.4
Hz, 3H), 7.23-7.12 (m, 24H), 7.04-7.00 (m, 6H), 6.89-6.85 (m, 9H), 6.84-6.81 (m,
6H), 6.76 (dd, J = 7.8, 1.5 Hz, 6H), 6.46 (dd, J = 8.2, 0.9 Hz, 6H), 2.66-2.66 (m, 6H),
1.60 (s, 3H), 1.16 (t, ] = 9.2 Hz, 25H), 0.74 (td, J = 7.1, 4.0 Hz, 18H). 13C NMR (150
MHz, CDCls) & [ppm]: 195.61, 146.68, 146.27, 144.22, 143.71, 141.88, 140.26,
138.47, 134.94, 132.41, 132.19, 131.02, 130.39, 130.17, 130.12, 129.12, 128.57,
128.38, 128.27, 127.67, 126.92, 126.36, 125.50, 123.82, 123.41, 123.15, 120.94,
120.59, 114.24, 109.84, 109.45, 56.82, 41.68, 40.16, 32.33, 28.89, 25.40, 23.10, 14.18,
10.86. MS (MALDI-TOF) [m/z]: calcd for C;74H 47N703, 2383.16; found, 2384.073.
Melting point: 191.4°. Anal. Calcd for C;74H47N70;5: C, 87.66; H, 6.22; N, 4.11; O,
2.01. Found: C, 87.59; H, 6.27; N, 4.06.
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Synthesis of ((nitrilotris(benzene-4,1-diyl))tris(6-((S)-2-ethylhexyl)-9H-carbazole-
9,3-diyl))tris((4-(9,9-dimethylacridin-10(9H)-yl)phenyl)methanone) (BDMAC-
BPCTPA).

The synthetic process of 3DMAC-BPCTPA was similar to that for 3DPAC-BPCTPA
as green powder with a yield of 77%. '"H NMR (600 MHz, CDCls) & [ppm]: 8.78 (d, J
= 1.3 Hz, 3H), 8.14 (d, J = 8.2 Hz, 6H), 8.06 (dd, J = 8.7, 1.5 Hz, 3H), 8.00 (s, 3H),
7.63 (d, J =8.7 Hz, 6H), 7.58 (dd, J = 8.6, 1.8 Hz, 9H), 7.52 (d, J = 8.2 Hz, 6H), 7.51-
7.47 (m, 6H), 7.45 (d, J = 8.3 Hz, 3H), 7.32 (dd, J = 8.4, 1.0 Hz, 3H), 7.06-7.01 (m,
6H), 6.97 (t, ] = 7.4 Hz, 6H), 6.40 (d, J = 8.1 Hz, 6H), 2.80-2.72 (m, 6H), 1.74-1.66
(m, 21H), 1.37-1.28 (m, 24H), 0.93-0.87 (m, 19H). 3C NMR (150 MHz, CDCl;) &
[ppm]: 195.64, 146.70, 144.73, 143.75, 140.58, 138.46, 134.95, 132.58, 132.42,
131.03, 130.49, 129.15, 128.64, 128.41, 128.29, 126.42, 125.51, 125.36, 123.82,
123.43, 123.22, 121.02, 114.27, 109.86, 109.45, 41.69, 40.17, 36.07, 32.34, 31.14,
28.90, 25.40, 23.10, 14.18, 10.86. MS (MALDI-TOF) [m/z]: caled for Cy44H;35N70Os,
2011.07; found, 2011.983. Melting point: 164.6°. Anal. Calcd for C;44H 35N70;5: C,
85.98; H, 6.76; N, 4.87; O, 2.39. Found: C, 85.91; H, 6.81; N, 4.80.

Synthesis of ((nitrilotris(benzene-4,1-diyl))tris(6-((S)-2-ethylhexyl)-9H-carbazole-
9,3-diyl))tris((4-(10H-phenoxazin-10-yl)phenyl)methanone) (3PXZ-BPCTPA)
The synthetic process of 3PXZ-BPCTPA was similar to that for 3DPAC-BPCTPA as
yellow powder with a yield of 71%. '"H NMR (600 MHz, CDC]l5) 8 [ppm]: 8.75 (d, ] =
1.1 Hz, 3H), 8.11 (d, J = 7.9 Hz, 6H), 8.04-7.97 (m, 6H), 7.63 (d, J = 8.7 Hz, 6H),
7.60-7.54 (m, 9H), 7.52 (d, J = 8.1 Hz, 6H), 7.45 (d, J = 8.3 Hz, 3H), 7.32 (dd, J = 8.4,
1.2 Hz, 3H), 6.76-6.58 (m, 18H), 6.05 (d, J = 6.6 Hz, 6H), 2.80-2.71 (m, 6H), 1.68 (dd,
J=11.8, 5.8 Hz, 3H), 1.37-1.27 (m, 24H), 0.90 (dt, J = 18.8, 7.2 Hz, 18H). 3C NMR
(150 MHz, CDCls) & [ppm]: 195.44, 146.69, 144.08, 143.75, 140.26, 138.79, 134.97,
133.73, 132.70, 132.37, 130.85, 128.99, 128.99, 128.61, 128.43, 128.27, 125.50,
123.78, 123.39, 123.39, 123.24, 123.22, 121.90, 120.93, 115.65, 113.39, 109.86,
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109.44, 99.97, 41.68, 40.14, 32.31, 28.89, 25.38, 23.10, 14.19, 10.82. MS (MALDI-
TOF) [m/z]: caled for Ci3s5H;17N7O¢, 1932.91; found, 1932.882. Melting point:
187.5°. Anal. Calcd for Cy35H;17N7;O¢: C, 83.86; H, 6.10; N, 5.07; O, 4.96. Found: C,

83.79; H, 6.19; N, 4.55.

300 350 400 500
Wavelength (nm)

400 450
Wavelength (nm) Wavelength {nm)

Figure S1. The UV-vis absorption spectra of DPAC-BPCTPA (a), DMAC-BPCTPA
(b), 3PXZ-BPCTPA (c), 3DPAC-BPCTPA (d), 3DMAC-BPCTPA (e) and 3PXZ-

BPCTPA (f) in various solvents at room temperature.

S-11



Energy (eV)

0-
-0.63 eV -0.62 eV
_1 - ,‘.;' ] 4
.09
.\l ‘? ..4‘

24

| @
1 o ®

4] o, el

" ~ ) 'P'
-5 - -5.35aV -5.25 eV
-6 4

-0.03 eV

-0.28 eV -0.26 eV
Yo g53 o
0n oo el

s W N o
_5_0; eV -4.89 eV -4.76 eV

Figure S2. The molecular simulation results of 9-phenyl-9H-carbazole, 3-(2-

ethylhexyl)-9-phenyl-9H-carbazole, DPAC, DMAC and PXZ units using the B3LYP

functional and 6-31G (d) basis set.

Normalized PL Intensity (a.u.)

0.0

0.6

0.4

0.2

DPAC-BPCTPA
—Tol
—Et0
—EA
——THF
——DCM
——DMF

Normalized PL Intensity (a.u.)

0.

3&0 460 4.“)0 560 5&"}0 th)ﬂ eéo 760 7&"&0 800

Wavelength (nm)

1.04

0.8

0.6

0.4

0.2

=
PXZ-BPCTPA

—Tol
—Eto
—EA
——THF
——DCM
——DMF

.0 T T T T T T T T T
350 400 450 500 550 600 650 700 750 800 850

Wavelength (nm)

o

wp
- 1.0 DMAC-BPCTPA
3 —Tol
s —EtO
2 0.8 _E;
g ——THF
2 ——DCM
£ 06
= ——DMF
o
T 0.4
N
g
5 0.2
H
0.0 T T T T T T T
350 400 450 500 550 600 650 700 750 800
Wavelength (nm)
16000
© DPAC-BPCTPA
140004  © DMAC-BPCTPA 5
- o PXZ-BPCTPA o
g 5
< 12000 &
0 ]
% o o
o 10000 o
- o
8 o °
2
“  goood ,
6000 T T T T T
000 005 010 015 020 0.25

Figure S3. PL spectra of DPAC-BPCTPA (a), DMAC-BPCTPA (b) and 3PXZ-

BPCTPA (c) in various solvents at room temperature. (d) Plot of Stokes shift versus

orientation polarization (Af) of the solvents.
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Figure S6. PF, DF and PH spectra of DPAC-BPCTPA (a), DMAC-BPCTPA (b),
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Figure S7. (a) The PL spectra of DPAC-BPCTPA, DMAC-BPCTPA and PXZ-
BPCTPA in 20 wt% mCP films at room temperature. (b) The PL spectra of 3DPAC-
BPCTPA, 3DMAC-BPCTPA and 3PXZ-BPCTPA in 20 wt% mCP films at room

temperature.
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Figure S8. (a) The room-temperature fluorescence decay curves of DPAC-BPCTPA,
DMAC-BPCTPA and PXZ-BPCTPA in 20 wt% mCP films under N, atmosphere. (b)
The room-temperature fluorescence decay curves of 3DPAC-BPCTPA, 3DMAC-

BPCTPA and 3PXZ-BPCTPA in 20 wt% mCP films under N, atmosphere.
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Figure S9. PL spectra of DPAC-BPCTPA (a) and 3DPAC-BPCTPA (c¢) in
DMF/water mixtures at different water fractions. Plots of water fractions versus
emission maximum wavelength and I/l values of DPAC-BPCTPA (b) and 3DPAC-
BPCTPA (d). I is the PL intensity in pure DMF solution. Inset: photos of the emitters

in corresponding DMF/water mixtures under 365 nm excitation.

S-15



—
O
-

5 DMAC-BPCTPA
1.6x10" 4 Water fraction

w“
. 80%
1.2x10 ok

8.0x10"

PL Intensity (a.u.)

4.0x10°

0.0 Jmpate=rs 7 - T T
400 450 500 550 600 650 700
Wavelength (nm)

(b) IDMAC-BPCTPA
2.4x10° /o Water fraction

PL Intensity (a.u.)

400 450 500 550 600 650 700
Wavelength (nm)

600
430
O,
o o
580 05
o/ @’
£ 560 °—0o_ 20
£ 0% 50% [ S
2 540 e s
s
£ 10
& 520
2
500
Do oo —0—0—0—0—¢g__ 50 lo
L o e e o et e e
0 10 20 30 40 50 60 70 80 90 100
Water fraction (%)
580
3 o/°@' 415
- | 0—p—0—0,
T 560 N
£ s
£ 540 0% 30% 10
g =
o
2 520
s 1s
- 6
0.
o—©° “—-a-_c_o__o__o__o I

480

0 10 20 30 40 50 60 70 80 90 100
Water fraction (%)

Figure S10. PL spectra of DMAC-BPCTPA (a) and 3DMAC-BPCTPA

(c) in

DMF/water mixtures at different water fractions. Plots of water fractions versus

emission maximum wavelength and I/l values of DMAC-BPCTPA (b) and 3DMAC-

BPCTPA (d). I is the PL intensity in pure DMF solution. Inset: photos of the emitters

in corresponding DMF/water mixtures under 365 nm excitation.
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(a), 3DPAC-BPCTPA (c) and 3PXZ-BPCTPA (d) formed in the mixed solvent with

50% water fraction.
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Figure S12. The transient PL decay spectra of DPAC-BPCTPA, DMAC-BPCTPA

and PXZ-BPCTPA (a), 3DPAC-BPCTPA, 3DMAC-BPCTPA and 3PXZ-BPCTPA (b)

in DMF solutions under N, atmosphere after N, bubbling at room temperature.
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Figure S13. Frontier molecular orbitals distribution of DPAC-BPCTPA (a) and
3DPAC-BPCTPA (b).
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Figure S16. The optimized structures with twisted angles of 3DPAC-BPCTPA,

3DMAC-BPCTPA and 3PXZ-BPCTPA.
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Figure S17. The photographs of Tyndall measurement in 1, 2-dichloroethane solution
of DPAC-BPCTPA (a), DMAC-BPCTPA(b), PXZ-BPCTPA (c), 3DPAC-BPCTPA

(d), 3DMAC-BPCTPA(e), 3PXZ-BPCTPA (5.
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Figure S18. TGA(a) and DSC (b) curves of these emitters at a heating rate of 10°C

min-! under nitrogen.
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Figure S19. The XRD curves of these emitters in solution-processed neat films.
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Table S1. Photophysical properties of these compounds in 20 wt% mCP films.

Compound Aema [nm] Sib[eV] T¢[eV] AEsra [eV]
DPAC-BPCTPA 474 2.99 2.84 0.15
DMAC-BPCTPA 481 2.92 2.79 0.13

PXZ-BPCTPA 517 2.71 2.62 0.09
3DPAC-BPCTPA 474 2.96 2.82 0.14
3DMAC-BPCTPA 488 2.86 2.75 0.11

3PXZ-BPCTPA 510 2.77 2.66 0.10

‘Measured in neat film state. Obtained from the onsets of absorption spectra in neat
film. &Calculated from the onset of the fluorescence spectra in neat film at 300 K.
hObtained at 77 K in neat film. 'Splitting between S; and T; energy.

Table S2. Photophysical properties of DPAC-BPCTPA, DMAC-BPCTPA and PXZ-
BPCTPA in various solvents.

DPAC-BPCTPA DMAC-BPCTPA PXZ-BPCTPA
Solvent | Aups Aem | Stokes shift | Aups Aem | Stokes shift | Aups Aem | Stokes shift
(nm) | (nm) (em™) (nm) | (nm) (em™) (nm) | (nm) (ecm™")
Tol 340 | 465 7866 340 484 8793 333 525 10982
Et,0 339 | 478 8621 341 499 9321 333 535 11338
EA 339 | 499 9458 339 518 10181 332 | 567 12455
THF 339 | 517 10193 339 534 10755 333 570 12455
DCM 342 | 543 10823 343 562 11361 333 609 13610
DMF 341 548 11058 343 577 11793 332 | 620 14030
Au (D) 17.9 18.8 19.6

Table S3. Photophysical properties of 3DPAC-BPCTPA,
3PXZ-BPCTPA in various solvents.

3DMAC-BPCTPA and

3DPAC-BPCTPA

3DMAC-BPCTPA

3PXZ-BPCTPA

Solvent | Aups Aem | Stokes shift | Agps Aem | Stokes shift | Agps Aem | Stokes shift
(nm) | (nm) (em™) (nm) | (nm) (em™) (nm) | (nm) (em™)
Tol 343 | 470 7843 341 488 8809 336 | 531 10950
Et,0 337 | 481 8889 337 | 500 9672 332 | 541 11681
EA 345 512 9455 339 | 519 10192 333 570 12492
THF 340 | 520 10188 340 | 537 10796 335 573 12421
DCM 345 539 10427 346 | 564 11186 334 | 602 13303
DMF 342 | 550 11056 342 | 575 11814 329 | 613 14040
Au (D) 21.1 22.7 23.9




Table S4. The calculated electronic transitions by TD-DFT of DPAC-BPCTPA,
DMAC-BPCTPA and PXZ-BPCTPA.

Excited state 1 Excited state 2 Excited state 3
DPACBPCTPA  L0UcTl MO%%  HOMOASLUMO7%  HOMOSSLUMO 6%
DMACBPCTPA  jouo" iMoo HOMO.ISLUMOST  HOMOASLUMO 68%
PXZBPCTPA Lol MO%%  HOMOASLUMOOM%  HOMO-SSLUMO 6%

Table S5. Photophysical characteristics and kinetic parameters of these compounds in

20 wt% mCP films.

bpra by P v Ta k., s Ko, se Kisce  Krisce

Compound
%] [%] [%] [os] [us] [106s']  [10°s']  [107s'] [106s7]

DPAC-BPCTPA 48.9 13.8 35.1 263 6.2 5.25 5.49 2.73 0.57
DMAC-BPCTPA 64.6 16.2 48.4 245 5.3 6.61 3.62 3.06 0.75
PXZ-BPCTPA 68.9 17.3 51.6 252 42 6.87 3.10 297 0.95
3DPAC-BPCTPA 5438 8.3 46.5 14.9 52 5.57 4.59 5.69 1.26
3DMAC- 74.7 11.2 63.5 13.2 5.0

8.48 2.87 6.44 1.33
BPCTPA
3PXZ-BPCTPA 76.3 11.5 64.8 14.1 3.8 8.16 2.53 6.03 1.75

aMeasured in doped films (20 wt% mCP films) using integrating sphere under N». v Py
and Pd are the prompt fluorescence and delayed fluorescence quantum yield,
respectively; p and 'd are the lifetimes of the prompt and delayed decay components,

k k

nr, S, “ISC and Krisc are the rate constant for fluorescence

respectively. kr, S,
radiative transition, non-radiative transition, intersystem crossing (ISC) and reverse

intersystem crossing (RISC) processes, respectively.
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Figure S20. (a) Energy diagram of the materials used in doped devices; (b)
normalized EL spectral; (c) current density-voltage-luminance (J-V-L) curves; (d)
EQE versus luminance curves. Configurations: ITO/PEDOT:PSS (40 nm)/emitter (40
nm)/TPBi (30 nm) /Cs,CO; (2 nm)/Al (100 nm) (Device A4: emitter = DPAC-
BPCTPA (20 wt%): mCP; Device AS: emitter = DMAC-BPCTPA (20 wt%): mCP;
Device A6: emitter = PXZ-BPCTPA (20 wt%): mCP; Device B4: emitter = 3DPAC-
BPCTPA (20 wt%): mCP; Device B5: emitter = 3DMAC-BPCTPA (20 wt%): mCP;

Device 6: emitter = 3PXZ-BPCTPA (20 wt%): mCP.

Table S6. Electroluminescence characteristics of the doped devices.

Bevice Aemi Vonb  CEpn¢  Dmaxd  EQEn.®  PEmad CIE®

[nm]  [V]  [CdAT']  [edm'] [%] [Im W-'] (x,y)
Device A4 480 46 112 1323 6.6 59 (0.17,025)
Device A5 487 47 167 3477 73 75 (0.18,0.34)
Device A6 514 45 399 13964 13.7 251 (030, 0.54)
Device B4 483 44 168 1441 8.7 251 (0.18,0.27)
Device B5 492 44 234 11393 10.2 92 (0.19,0.38)
Device B6 57 43 523 19528 17.6 328 (0.33,0.55)

aThe maximum emission recorded at 6 V. YTurn-on voltage measured at 1 ¢d m™.
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°CEpax= maximum current efficiency. 9L,= maximum Iluminance. °EQE,.=
maximum external quantum efficiency. PE..,= maximum power -efficiency.
¢Commission International de I’Eclairage coordinates at 6 V.

(b) 0.9

Figure S21. CIE diagram of the non-doped devices (a) and doped devices (b).
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Figure S22. "H-NMR spectrum of 1 in DMSO-d6.
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Figure S24. "H-NMR spectrum of 2 in DMSO-dé.
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Figure S26. 'H-NMR spectrum of 3 in DMSO-d6.
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Figure S27. 3C-NMR spectrum of 3 in CDCl;.
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Figure S28. 'H-NMR spectrum of 4 in DMSO-d6.
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Figure S29. 3C-NMR spectrum of 4 in CDCl;.
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Figure S30. "H-NMR spectrum of DPAC-BPCTPA in CDCl;.
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Figure S31. 3C-NMR spectrum of DPAC-BPCTPA in DMSO-d6.

Figure S32. '"H-NMR spectrum of DMAC-BPCTPA in DMSO-d6.
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Figure S33. BC-NMR spectrum of DMAC-BPCTPA
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Figure S34. "H-NMR spectrum of PXZ-BPCTPA in CDCl;.



—195.49
47.82
47.33
44.01
43.82

* i

T T T T T T T
180 175 170 165 160 155 150 145 140 135

T T T T T
130 125 120 115 10

200 195 150 1‘85 105 100 % 90 8 80
f1 (ppm)

Figure S35. 3C-NMR spectrum of PXZ-BPCTPA in CDCls.
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Figure S36. 'H-NMR spectrum of 3DPAC-BPCTPA in Acetone-dé6.
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Figure S38. 'H-NMR spectrum of 3DMAC-BPCTPA in CDCl;.
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Figure S39. 3C-NMR spectrum of 3DMAC-BPCTPA in CDCls.
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Figure S40. "H-NMR spectrum of 3PXZ-BPCTPA in CDCls;.
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Figure S41. 3C-NMR spectrum of 3PXZ-BPCTPA in CDCl;.
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Figure S42. DEPT-135° spectrum of DPAC-BPCTPA in CDCl;.
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Figure S43. DEPT-135° spectrum of DMAC-BPCTPA in CDCls.
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Figure S44. DEPT-135° spectrum of PXZ-BPCTPA in CDCls.

S-35



S-36

§EEEREREEE g8z _ 88ESE
g 0L— 5 Le g§ 283 8§88 88 8 8 g 888 8 8 8 8 8 8
gy gieg int aho gl conl BOBIR G Bodd R G L T
\ZrL— ] [
. 8801 — 5
[ 1Zrh— —
[N B E— L o
wszs 8 : -
1682 Mm.mm"u E 2 F 2 Q ELEE~
seZe~ : ) ep5Z—
= L O €692
: LVIEN B
6L 0p~ S ls [ orze—
oLV — = L 8
. @ 1604~
STrLL- # [ < sLop~  9960H L
L2 W WL g -
L FTAM |
s [l N
. B 62 FLL— _— |"
19021~ [ 2
16021~ [ mm H
q ,"fm a9
reEzl— = L™ ) ‘
Nm.mw—/ 8 o A
BE9TL 2 L = 3
WM.WMU 5 o 56102k
6292 a [e g v0'LzL
Oy 6El, ; El
09824 8 re m g
6L0EL~ 2 g o
_v.cm_“ E - O
POLEL o L2
zZ e~ d g w
1Pk a — g o
18601 a Vo)
&L 3 B E N
z5'szh & — LrE0L 7
8c9zt — & T_A 88601
56971 8 N byt —
0L LEL = lg o m.mmmwk
678zl m [ 4 6CSTL
6101 & — = QO £56Z1
wm.mm" [ & X pr9zL-t
E - L£8ZL
2zl [o hA £reeL
N 198T4
90'LEL
) 09°ZEL
=
en
. —
S

CDCl;

m

T
100 95 %0

T

T
135 130 1268 1 115 110

T

140

Figure S46. DEPT-135° spectrum of 3DMAC-BPCTPA
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Figure S47. DEPT-135° spectrum of 3PXZ-BPCTPA in CDCl;.
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