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1. General Information

All the starting chemicals for the synthesis were purchased from commercial sources
and used as received without purification unless otherwise noted. All the solvents used
for the synthesis were dried by sodium or calcium hydride and distilled under argon
atmosphere. "H-NMR and '*C-NMR spectra were measured with a Bruker Avance
NMR spectrometer at room temperature. MALDI-TOF mass spectra were recorded on
an AXIMA CFR MS apparatus (COMPACT). Thermal gravimetric analysis (TGA)
were measured with a Perkin-Elmer-TGA 7 under nitrogen atmosphere at a heating rate
of 20 °C /min. Differential scanning calorimetry (DSC) were measured with Perkin-
Elmer-DSC 7 under nitrogen atmosphere at a heating rate of 10 °C /min. UV-vis
absorption and photoluminescence spectra were measured with a Perkin-Elmer Lambda
35 UV-vis spectrometer and a Perkin-Elmer LS 50B spectrofluorometer at room
temperature, respectively. The photoluminescence quantum yields (PLQYs) were
measured with a calibrated integrating sphere system (HORIBA FL-1000).
Fluorescence lifetimes were measured using an Edinburgh fluorescence spectrometer
(FLS-920). Cyclic voltammetry (CV) curves was recorded on a CHI660a
electrochemical analyzer with BuyNCI1Oy as the electrolyte, a glass carbon electrode as
the working electrode, a saturated calomel electrode as the reference electrode and a Pt
wire as the counter electrode. The Powder X-ray diffraction patterns (PXRD)

measurement was performed using a Bruker D8 Advanced X-ray diffraction (A = 1.54

A).
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2. OLED fabrication and characterization

All the devices were fabricated on indium tin oxide (ITO) substrates with a sheet
resistance of 15 Q/sq. The ITO substrates were cleaned with acetone, detergent,
distilled water in sequence, and then in an ultrasonic solvent bath. After dried at 120 °C
for 2 h, the ITO substrates were treated with UV-ozone for 25 min. PEDOT: PSS
(P4083) was spin-coated on the top of the ITO substrate at a speed of 5000 rpm for 40
s, then dried at 120 °C for 45 min. The solutions of the emitters (10 mg/mL in
chlorobenzene) were spin-coated on PEDOT:PSS layer as the EML at a speed of 1500
rpm for 60 s. The substrate was transferred to a vacuum deposition chamber, a 55-nm-
thick film of TmPyPB, a I-nm thick film of LiF and 150-nm-thick aluminum were
evaporated in sequence through a shadow mask with an array of 14 mm? at a pressure
of 4.0x10-4 Pa. The EL spectra and CIE coordinates were measured by using a CS2000
spectra colorimeter. The current—voltage and brightness—voltage characteristics of the
devices were measured by using a Keithley 2400/2000 source meter with a calibrated
silicon photodiode. All the measurements were carried out under ambient conditions at

room temperature.



3. Material synthesis and characterization
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Scheme S1 Synthetic routes of TATC-BP and TATP-BP.

10,15-dihydro-5H-diindolo[3,2-a:3",2'-c]carbazole (TAT) was synthesized using the

previously reported method.!-2

Synthesis of 5,10-dihexyl-10,15-dihydro-5H-diindolo[3,2-a:3',2'-c]carbazole
(TATCO).

A mixture of triazatruxene core (TAT) (5.00 g, 14.48 mmol) and NaH (0.76 g, 31.86
mmol) in DMF (100 mL) was stirred for 4 h under argon at room temperature, then
bromohexane (5.02 g, 30.41 mmol) was added dropwise, and the reaction mixture was
heated up to 100 °C for 24 h. The mixture was diluted with dichloromethane (DCM),
washed with water. The organic layer was dried with Na,SO,4 and the solvent were
evaporated under vacuum. The crude product was purified on a silica gel column using
DCM/PE: 1/3 as mobile phase to give TATC (2.21 g, 30%) as a grey white solid. 'H
NMR (500 MHz, CDCl;) é (ppm) 8.70 (s, 1H), 8.27 (d, J = 8.0 Hz, 2H), 8.06 (s, 1H),
7.63 (d,J=7.6 Hz, 1H), 7.58 (d, ] = 8.2 Hz, 2H), 7.47 (t, ] = 7.1 Hz, 2H), 7.41 (t, ] =
7.2 Hz, 2H), 7.33 (s, 2H), 4.79 (s, 4H), 2.10 (m, 4H), 1.37 (m, 12H), 0.88 (m, 6H). 13C
NMR (126 MHz, CDCl3) & (ppm) 140.63, 139.76, 137.04, 122.61, 122.52, 121.66,
121.31, 119.89 119.38, 111.07, 109.72, 102.70, 46.70, 31.55, 31.50, 26.40, 22.53,
13.96. MALDI-TOF MS (m/z): Calcd for C35H39N3, Exact Mass: 513.31, Found: 513.3
(M").

Synthesis of bis(4-(10,15-dihexyl-10,15-dihydro-5SH-diindolo[3,2-a:3",2'-
c|carbazol-5-yl)phenyl)methanone (TATC-BP).



A mixture of 5,10-dihexyl-10,15-dihydro-5H-diindolo[3,2-a:3',2'-c]carbazole (TATC).
(0.60 g, 1.16 mmol), bis(4-bromophenyl)methanone (0.14 g, 0.42 mmol),
tris(dibenzylideneacetone)dipalladium(0) (38.8 mg, 0.04 mmol), tri-tert-
butylphosphine tetrafluoroborate (36.8 mg, 0.13 mmol), sodium tert-butoxide (0.61 g,
6.35 mmol) and toluene (15 ml) was heated at 140 °C under argon for 24 h. The mixture
was diluted with dichloromethane (DCM), washed with water. The organic layer was
dried with Na,SO, and the solvent were evaporated under vacuum. The crude product
was purified on a silica gel column using DCM/PE: 2/1 as mobile phase to give TATC-
BP (0.35 g, 69%) as a yellow solid. "H NMR (500 MHz, CDCl;) & (ppm) 8.34 (d, J =
8.1 Hz, 4H), 8.15 (d, J = 8.3 Hz, 4H), 7.76 (d, J = 8.4 Hz, 4H), 7.69 (d, J = 8.1 Hz, 2H),
7.63 (d, J =9.0 Hz, 2H), 7.51 (m, 4H), 7.40 (m, 6H), 7.22 (s, 2H), 6.78 (t, ] = 7.6 Hz,
2H), 6.24 (d, J = 5.8 Hz, 2H), 4.94 (d, J = 48.1 Hz, 8H), 2.05 (m, 8H), 1.31 (m, 24H),
0.85 (m, 12H). 13C NMR (126 MHz, CDCI3)  194.75, 144.78, 141.17, 140.91, 136.27,
131.82, 128.15, 123.45, 123.26, 123.17, 122.92, 122.07, 121.76, 121.62, 121.06,
119.79, 119.05, 110.66, 109.80, 104.24,47.15,47.00, 31.44, 31.40, 29.96, 29.88, 26.37,
26.32,22.49,22.47,13.93, 13.90. MALDI-TOF MS (m/z): Caled for CgsHgsNgO, Exact
Mass: 1204.67, Found: 1204.7 (M™).

Synthesis of 5,10-diphenyl-10,15-dihydro-5SH-diindolo[3,2-a:3',2'-c|carbazole
(TATP).

A mixture of TAT (5.00 g, 14.48 mmol), iodobenzene (4.43 g, 21.72 mmol),
palladium(II) acetate (130.0 mg, 0.58 mmol), tri-tert-butylphosphine tetrafluoroborate
(504.0 mg, 1.74 mmol), sodium tert-butoxide (4.17 g, 43.44 mmol) and 1,4-dioxane (80
ml) was heated at 100 °C under argon for 18 h. The mixture was diluted with DCM,
washed with water. The organic layer was dried with Na,SO,4 and the solvent were
evaporated under vacuum. The crude product was purified on a silica gel column using
DCM/PE: 1/5 as mobile phase to give TATP (2.53 g, 35%) as a white solid. "H NMR
(500 MHz, DMSO) 6 (ppm) 11.99 (s, 1H), 8.86 (d, J=7.7 Hz, 1H), 7.69 (m, 11H), 7.49
(m, 1H), 7.42 (d, J=6.8 Hz, 1H), 7.40 (d, ] = 7.8 Hz, 1H), 7.21 (t, J = 7.5 Hz, 1H), 7.17
(t,J=8.0Hz, 1H), 7.13 (d, J = 7.4 Hz, 1H), 6.72 (m, 1H), 6.65 (t, ] = 7.6 Hz, 1H), 5.95



(d, J = 8.1 Hz, 1H), 5.75 (d, J = 8.6 Hz, 1H). 3C NMR (126 MHz, DMSO) & (ppm)
141.45, 141.11, 140.67, 140.46, 139.82, 137.84, 136.30, 135.13, 130.70, 130.68,
129.41, 129.18, 129.05, 128.99, 124.20, 123.42, 123.31, 122.97, 122.27, 122.16,
122.01, 121.77, 121.28, 120.69, 120.23, 119.17, 111.41, 110.65, 110.08, 103.53,
102.78, 102.36. MALDI-TOF MS (m/z): Calcd for C3cH,3N3, Exact Mass: 497.19,
Found: 497.2 (M¥).

Synthesis of bis(4-(10,15-diphenyl-10,15-dihydro-5H-diindolo[3,2-a:3",2'-
c]carbazol-5-yl)phenyl)methanone (TATP-BP).

A mixture of 5,10-diphenyl-10,15-dihydro-5H-diindolo[3,2-a:3",2'-c]carbazole (TATP)
(0.58 g, 1.16 mmol), bis(4-bromophenyl)methanone (0.14 g, 0.42 mmol),
tris(dibenzylideneacetone)dipalladium(0) (38.8 mg, 0.04 mmol), tri-tert-
butylphosphine tetrafluoroborate (36.8 mg, 0.13 mmol), sodium tert-butoxide (0.61 g,
6.35 mmol) and toluene (15 ml) was heated at 140 °C under argon for 24 h. The mixture
was diluted with dichloromethane (DCM), washed with water. The organic layer was
dried with Na,SO, and the solvent were evaporated under vacuum. The crude product
was purified on a silica gel column using DCM/PE: 2/1 as mobile phase to give TATP-
BP (0.26 g, 53%) as a yellow solid. "H NMR (500 MHz, CDCl;) & (ppm) 8.19 (d, J =
8.4 Hz, 4H), 7.83 (d, J = 8.4 Hz, 4H), 7.65 (m, 20H), 7.51 (d, J = 8.2 Hz, 2H), 7.34 (t,
J=17.7Hz, 4H), 7.19 (m, 6H), 6.81 (m, 6H), 6.30 (d, J = 8.1 Hz, 2H), 6.07 (dd, J = 8.1,
4.7 Hz, 4H). 3C NMR (126 MHz, CDCI3) & (ppm) 194.69, 144.83, 141.74, 141.63,
141.09, 140.77, 140.69, 137.71, 137.51, 137.08, 136.33, 131.88, 129.97, 129.00,
128.98, 128.35, 123.45, 123.41, 123.31, 123.09, 122.76, 122.61, 122.29, 122.20,
122.11, 120.62, 120.05, 119.80, 110.14, 109.90, 109.67, 104.99, 104.84, 104.32.
MALDI-TOF MS (m/z): Caled for CgsHs,NgO, Exact Mass: 1172.42, Found: 1172.4
(M").



4. Figure and tables
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Fig. S1. The thermogravimetric thermograms of (A) TATC-BP and (B) TATP-BP.
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Fig. S2. The differential scanning calorimetry traces of (A) TATC-BP and (B) TATP-
BP.
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Fig. S3. Cyclic voltammetry analysis of TATC-BP and TATP-BP.
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Fig. S4. Absorption spectra in THF solutions and neat films.
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Fig. S5. Phosphorescence spectra of TATC-BP and TATP-BP in neat films.



Fig. S6. Repeated switching between blue-green and yellow of the emission of TATC-

BP in mortar by grinding and fuming cycles. The images were taken under illumination

ofa UV lamp. I : after grinding; I : after fuming treatment with dichloromethane.

Fig. S7. Repeated switching between green and yellow of the emission of TATP-BP in

mortar by grinding and fuming cycles. The images were taken under illumination of a

UV lamp. I : after grinding; I : after fuming treatment with dichloromethane.
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Fig. S8. Current efficiency/luminance/power efficiency curves of the nondoped devices

of TATC-BP and TATP-BP.



Fig. S9. Doped device configuration and molecular structures of the used materials.
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Fig. S10. EL performance of the OLEDs based on TATC-BP doped in H2 host.

A) Current density-voltage characteristics. B) Luminance-voltage characteristics. C)
Current efficiency-luminance characteristics. D) Power efficiency-luminance
characteristics. E) External quantum efficiency—luminance characteristics. F) EL

spectra of the OLED devices at 1000 cd m™.
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Fig. S11. EL performance of the OLEDs based on TATP-BP doped in H2 host.

A) Current density-voltage characteristics. B) Luminance-voltage characteristics. C)

Current efficiency-luminance

characteristics.

D) Power efficiency-luminance

characteristics. E) External quantum efficiency—luminance characteristics. F) EL

spectra of the OLED devices at 1000 c¢d m™.



Table S1. DFT calculation results of TATC-BP and TATP-BP.

Emitters HOMO LUMO S] T1 AEST

(eV) (eV) (eV) (eV) (eV)

TATC-BP -4.85 -1.89 2.55 2.47 0.08
TATP-BP -4.90 -1.89 2.58 2.48 0.09

Table S2. PLQY's of doped films of TATC-BP and TATP-BP in H2 host with different

doping concentration.

Emitters 10% 20% 30% 40%

TATC-BP 50.0% 50.5% 52.7% 46.5%

TATP-BP 46.3% 53.9% 55.3% 45.8%

22.0%

24.2%




Table S3: EL performance of the OLEDs based on TATC-BP doped in H2 with

different doping concentration.

Max performance

Device performance at 1000 cd m

Von
Emitters LE PE EQE \Y% LE PE EQE CIE
V)
(cd/A) (Im/W) (%) V)  (ed/A) Am/W) (%) (xy)
10% 3.0 464 444 157 48  37.6 246 127 0.32,0.51
20% 2.8 475 453 157 4.4 447 319 148  0.35,0.53
30% 2.8 481 478 159 42 463 346 153  0.37,0.53
40% 27 475 476 154 3.8 458 378 151  0.39,0.54
100% 26 178 20.0 5.9 3.7 120 10.2 48  0.41,0.54




Table S4: EL performance of the OLEDs based on TATP-BP doped in H2 with

different doping concentration.

Max performance

Device performance at 1000 cd m-2

VOH
Emitters LE PE EQE \% LE PE EQE CIE
M)
(cd/A)  (m/W) (%) V)  (cd/A) (Im/W) (%) (xy)
10% 2.9 440 435 15.2 48 324 209 112 0.29,0.49
20% 29 473 458 15.9 45 408 284 137 0.32,0.51
30% 2.8 464 472 15.4 42 427 316 142 0.34,0.53
40% 2.7 444 451 14.6 3.9 417 335 137 0.35,0.53
100% 27 189 192 6.0 35 180  16.1 58  0.38,0.55
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