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1. Materials and Methods

All materials were obtained from commercial suppliers and used without
purification unless otherwise noted. 7-tert-Butyl-5,9-bis(4-methoxy-
phenyl)-1,3-diphenylpyrene (3¢) was synthesized according to the
reported procedure.!

'H/BC NMR spectra (300 MHz) were recorded on a JEOL 300 MHz
FT-300 NMR spectrometer referenced to 7.26 and 77.0 ppm for
chloroform-D solvent with SiMe, as an internal reference: J-values are
given in Hz. Mass spectra were obtained with a Bruke microflex mass
spectrometer in MALDI-TOF mode. Elemental analyses were performed
by Vario EL III Elementar Analysensysteme GmbH. Thermogravimetric
analysis (TGA) was performed using a USA Waters Q600 under nitrogen
atmosphere at a heating rate of 10 °C min~!'. Differential scanning
calorimetry (DSC) was performed using a METTLER TOLEDU DSC
instrument under nitrogen atmosphere at a heating rate of 10 °C min™'.
UV-vis absorption spectra were measured on a PerkinElmer UV-Lambda
950 spectrophotometer. Photoluminescence spectra were recorded on a
Shimadzu F-7000 spectrofluorometer. Fluorescence quantum yields were
measured using absolute methods with a Japan Hamamatsu C9920-06G.
Fluorescence lifetimes were determined with a Edinburgh FLS1000
Quantaurus-Tau time-resolved spectrometer. The frontier orbitals of the

molecules based on the ground state geometries were calculated at



B3LYP/6-31G* by Gaussian 16 program. Cyclic voltamogramms were
measured on a CHI 610E A14297 in a solution of tetra-n-
butylammonium hexafluorophosphate (BusNPF4) (0.1 M) in a typical
three-electrode cell with a platinum sheet working electrode, a platinum
wire counter electrode, and a silver/Silver chloride (Ag/Ag") reference
electrode in dichloromethane at a scan rate of 100 mV s at room
temperature under N, atmosphere. X-ray diffraction patterns were
collected using an X-ray diffractometer from Rigaku Japan. The data
collection from single crystal was conducted using a Bruker D8 venture
diffractometer, equipped with graphite-monochromated Cu K o radiation
(4 =1.54178 A).

2. Device fabrication and characterization

Multilayer OLEDs were fabricated by the vacuum-deposition method.
Electronic grade HAT-CN, TAPC, CBP, DSA-Ph, B3PyPB and LiF were
obtained from commercial sources. 3a-¢ were purified by vacuum
sublimation. Commercial ITO-coated glass was used as the starting
substrate. Before device fabrication, the ITO glass was pre-cleaned
carefully and treated with UV/O; for 2 min. Organic layers were
deposited by high-vacuum (1 x 10~ Pa) thermal evaporation onto a glass
substrate pre-coated with an ITO layer. All organic layers were deposited
sequentially. HAT-CN was used as the hole-injecting layer. TAPC was

used as the hole-transporting layer. CBP and 3¢ was used as the hosts. 3a-



¢ and DSA-Ph were used as the dopants. B3PyPB was used as the
electron-transporting layer and LiF/Al was used as the cathode. The
thermal deposition rates for the organic materials, LiF and Al were 1.0,
0.1 and 3.0 A s, respectively. The active area of each device was 9 mm?.
The thicknesses of the organic materials and the cathode layers were
controlled using a  quartz-crystal thickness monitor. The
electroluminescence spectra, the current density-voltage characteristics
and the current density-voltage-luminance curves characterizations of the
OLEDs were carried out with a Photo Research SpectraScan PR-650
Spectroradiometer and a Keithley 2400 Source Meter and they are
recorded simultaneously. All measurements were carried out on the
devices without encapsulations in ambient atmosphere in the dark.

3. Synthesis

Synthesis of 7-tert-Butyl-5,9-bis(4-methylphenyl)-1,3-diphenylpyrene
(3a): A mixture of 7-tert-butyl-1,3-diphenyl-5,9-dibromopyrene (500 mg,
0.88 mmol), 4-methylphenylboronic acid (359 mg, 2.64 mmol) in toluene
(50 mL), and ethanol (30 mL) at room temperature was stirred under N,
atmosphere, and a 2.0 M aqueous solution of K,CO; (20 mL) and
[Pd(PPh3)4] (170 mg) were added. The mixture was heated to 110 °C
under stirring for 16 h. After cooling to room temperature, the mixture
was quenched with water, extracted with toluene, and washed with water

and brine. The organic extracts were dried with MgSO,, and the solvent



was evaporated. The residue was purified by column chromatography
eluting with CH,Cly/n-hexane (v/v, 1/6) and recrystallized from
CH,Cly/hexane (v/v, 1/1) to give 3a (380 mg, 73%) as a light-yellow
powder. Mp 316 °C. vy (KBr)/em™ 3026.40, 2963.70, 2864.90, 2363.30,
2342.60, 1590.77, 1444.07, 1365.99, 1251.24, 1172.56, 1109.86, 1046.16,
901.05, 822.97, 765.59, 702.89, 614.16, 592.86. 'H NMR (300 MHz,
CDCls): 0 = 1.38 (s, 9H, 1Bu), 2.48 (s, 6H, Me), 7.33 (m, 4H, Ar-H), 7.42
(d, J=7.2 Hz, 2H, Ar-H), 7.52 (m, 8H, Ar-H), 7.68 (d, J = 6.9 Hz, 4H,
Ar-H), 7.96 (s, 1H, pyrene-H), 8.14 (s, 2H, pyrene-H), 8.32 (s, 2H,
pyrene-H) ppm. 3C NMR (100 MHz, CDCls): 6 = 148.60, 141.26, 139.80,
138.52, 137.12, 130.68, 130.10, 129.16, 128.50, 127.43, 127.24, 125.58,
124.42, 124.23, 121.47, 35.53, 31.80, 21.39. MS: m/z calcd. for CyHag
590.79; Found 590.30 [M*]. Anal. caled for CyHss: C,93.56; H, 6.44;
found: C, 93.58; H, 6.42.

Synthesis of 7-tert-Butyl-5,9-bis(4-tert-butylphenyl)-1,3-diphenylpyrene
(3b): A mixture of 7-fert-butyl-1,3-diphenyl-5,9-dibromopyrene (430 mg,
0.76 mmol), 4-tert-butylphenylboronic acid (406 mg, 2.28 mmol) in
toluene (50 mL), and ethanol (30 mL) at room temperature was stirred
under N, atmosphere, and a 2.0 M aqueous solution of K,CO; (20 mL)
and [Pd(PPh;)4] (170 mg) were added. The mixture was heated to 110 °C
under stirring for 16 h. After cooling to room temperature, the mixture

was quenched with water, extracted with toluene, and washed with water



and brine. The organic extracts were dried with MgSO,, and the solvent
was evaporated. The residue was purified by column chromatography
eluting with CH,Cly/n-hexane (v/v, 1/6) and recrystallized from
CH,Cl,/hexane (v/v, 1/1) to give 3b (320 mg, 68%) as a white powder.
Mp. 363 °C. vy (KBr)/em! 3024.31, 2964.83, 2897.83, 2864.70,
2352.76, 1788.12, 1595.40, 1502.80, 1462.90, 1395.89, 1362.77, 1270.17,
1183.59, 1117.34, 1010.43, 897.50, 831.25, 758.23, 704.78, 605.39,
558.72. 'TH NMR (300 MHz, CDCl): 6 = 1.39 (s, 9H, tBu), 1.43 (s, 18H,
Bu), 7.56 (m, 14H, Ar-H), 7.70 (d, J = 6.9 Hz, 4H, Ar-H), 7.95 (s, 1H,
pyrene-H), 8.16 (s, 2H, pyrene-H), 8.37 (s, 2H, pyrene-H) ppm. *C NMR
(100 MHz, CDCl;): 6 = 150.24, 148.48, 141.22, 139.63, 138.34, 136.97,
130.63, 129.80, 128.42, 128.21, 127.36, 127.13, 125.57, 125.36, 123.23,
121.40, 35.45, 34.66, 33.01, 31.54, 31.46. MS: m/z calcd. for Cs,Hs
674.95; Found 674.40 [M*]. Anal. calcd for Cs,Hso: C, 92.58; H, 7.42;

found: C, 92.55; H, 7.45.



4. Thermal properties
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Figure S1. TGA thermograms of the compounds 3a-¢ in N2 atomosphere.
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Figure S2. DSC thermograms of the compounds 3a-c¢ in N2 atomosphere.



5. DFT calculations
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Figure S3. The computed UV-Vis absorption spectra of compounds 3a-c.

Table S1-1 Atom coordinates and absolute energies for 3a standard orientation.

Center Atomic Atomic Coordinates (Angstroms)
Number  Number Type X Y V4
1 6 0 0.035898 -3.461995 -0.072191
2 6 0 -1.168933 -2.757479 -0.089146
3 6 0 -1.220634 -1.352676 -0.036605
4 6 0 -0.000242 -0.607546 -0.029241
5 6 0 1.242197 -1.320594 -0.022066
6 6 0 1.223893 -2.722431 -0.019285
7 6 0 -2.48023 -0.63278 -0.001596
8 6 0 -0.019616 0.823185 -0.024036
9 6 0 -1.271306 1.512889 -0.054843
10 6 0 -2.474957 0.736173 -0.024866
11 6 0 -1.278588 2.931844 -0.047495
12 6 0 -0.058791 3.611875 0.013641
13 6 0 1.181034 2.964375 0.030645
14 6 0 1.212632 1.546894 0.018405
15 6 0 2.436497 0.80179 0.067289
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Total Enegy (RB3LYP) =-1775.87712461 Harterr

Table S1-2 Atom coordinates and absolute energies for 3b Standard orientation.

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y V4
1 6 0 0.016528 -3.003743 0.182278
2 6 0 -1.184065 -2.294801 0.120088
3 6 0 -1.22694 -0.891984 0.02226
4 6 0 -0.001727 -0.154509 0.000897
5 6 0 1.236291 -0.874635 0.032857
6 6 0 1.209806 -2.272802 0.131456
7 6 0 -2.482232 -0.163678 0.000128
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6. X-Ray Crystallography

Table S2 Summary of crystal data for 3b.

Parameter 3b
Empirical formula Cs,Hso
Formula weight [g mol!] 674.92
Crystal system Triclinic
Space group P-1
a [A] 9.2562(4)
b [A] 13.5966(5)
c [A] 17.0228(7)
a [°] 106.122(2)
Bl 91.734(2)
7 [°] 106.113(2)

Volume [A3]
Z

Density, caled [g cm?]
Temperature (K)

Reflections collected
Parameters

Rint
R[I>26(D)]?
WR[I>26(D)]"

GOF on F?

1963.85(14)
2
1.141
152.93

28307
546
0.0395

0.0843

0.2503

1.051




Figure S4. Packing distances and conformations in 3b: The shortest contact between

pyrene ring and a substituent on a neiboring molecule is 5.090A, and the

» centroid distance is 9.256 A
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Figure S5. Packing plots for 3b: Top view (left) and side view (right).
7. FT-IR spectrum
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Figure S6. FT-IR spectra of the DA pyrenes 3a and 3b.



8. Photophysical Properties
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Figure S7. UV/Vis absorption (a) and fluorescence spectra (b) of the compound 3a
recorded in five different solvents.
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Figure S8. UV/Vis absorption (a) and fluorescence spectra (b) of the compound 3b
recorded in five different solvents.
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Figure S9. Liner correlation of orientation polarization (f) of solvent media with the
stokes-shifts for the compounds 3a-c.

Table S3 Spectroscopic parameter of 3a, 3b and 3¢ in different organic solvents.

stokes shift [cm] Aabs> max [NM] Aem, max [nM] Di[%]
solvent Af
3a 3b 3clll 3a 3b  3clt 3a 3b  3clll 3a 3b 3cll
Cyclohexane 0 2407 2491 2583 374 372 374 411 410 414 69 66 63
1,4-Dioxane 0.020 2512 2454 2686 375 375 375 414 413 417 76 76 71
THF 0.210 2454 2525 2743 375 374 375 413 413 418 66 62 60
CH,Cl, 0.217 2429 2499 2659 377 376 377 415 415 419 68 67 74

DMF 0.274 2570 2499 2843 375 376 376 415 415 421 67 78 74
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Figure S10. The fluorescence (at room temperature) and phosphorescence (at 77K)
spectra of 3a-c in toluene.

9. OLED Performance
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Figure S11. Molecular structures of the materials used in devices A-D.
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Figure S12. UV-vis absorption spectra of 3a-c in a neat film and PL of CBP in a film.
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Figure S13. Doping concentration dependent EL performance of device based-3a: (a)
EL spectra; (b) J-V-L curve; (¢c) CE-L-PE curve; (d) EQE-L curve.
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Figure S14. Doping concentration dependent EL performance of device based-3b: (a)
EL spectra; (b) J-V-L curve; (¢c) CE-L-PE curve; (d) EQE-L curve.
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Figure S15. Doping concentration dependent EL performance of device based-3c: (a)
EL spectra; (b) J-V-L curve; (¢c) CE-L-PE curve; (d) EQE-L curve.
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Figure S16. EL spectra stability of device A (a), device B (b) and device C (¢) under
different current densities.
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Figure S17. Performance of representative devices current efficiency (CE) and power
efficiency (PE) versus current density characteristics of device A-C.
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10. NMR Spectra
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Figure S21. '"H NMR spectrum of 3a (300 MHz, CDCls, r.1.).
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Figure S22. 3C NMR spectra of 3a (100MHz, CDCls, r.t.)
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Figure S23. '"H NMR spectrum of 3b (300 MHz, CDCl3, r.t.).
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Figure S24. 3C NMR spectra of 3b (100MHz, CDCl3, .t.)



11. Mass Spectra
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Figure S25. Mass spectra of 3a.
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Figure S26. Mass spectra of 3b.
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