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1. Materials and Instruments

All commercially available reagents and chemicals were used as received
without further purification. 'H NMR spectra were measured on a JEOL
400 MHz FT-400 NMR spectrometer. Mass spectra were obtained with a
Bruke microflex mass spectrometer in  MALDI-TOF mode.
Thermogravimetric analysis (TGA) analysis was performed on a USA
Waters Q600 under nitrogen atmosphere at a heating rate of 10 °C min !
and Differential scanning calorimetry (DSC) analysis was carried out on
METTLER TOLEDU DSC at a heating rate of 10 °C min!'. 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 a radiation (A = 1.54178 A). Cyclic voltammetry
(CV) were performed on a BAS 100W Bioanalytical Systems, using a
platinum wire as the auxiliary electrode, a glass carbon disk as the
working electrode and a silver/Silver chloride (Ag/Ag") as the reference
electrode, standardized for the redox couple ferricinium/ferrocene
(Fc/Fc*). Absorption spectrum were measured on a PerkinElmer UV-
Lambda 950 spectrophotometer. Photoluminescence spectra were
recorded on a Shimadzu F-7000 spectrofluorometer. Absolute PL
quantum yields were measured 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.

2. Synthesis and Characterization
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Scheme S1. The synthetic route of the target compound TTPE(1,3,5,9)Py.

Synthesis of TTPE(1,3,5,9)Py: To a mixture of 1,3,5,9-tetrabromo- 7-
tert-butylpyrenelS! (1.40 g, 2.00 mmol), 4-(1,2,2-Triphenylvinyl)phenyl
boronic acid (5.50 g, 12 mmol), Pd(PPh;), (0.32 g, 0.28 mmol), and
potassium carbonate (3.80 g, 27.50 mmol) in degassed toluene/ethanol
(120 mL/30 mL) and sodium carbonate solution (30 mL, 2 M) was heated
to reflux for 24 h under nitrogen. The precipitate was purified by column
chromatography, recrystallization and sublimation, obtained yellow solid
in 42.8% yield (1.21g, 0.85 mmol). 'H NMR (400 MHz, CDCl;): 6 (ppm)
8.18 (s, 2H), 7.98 (s, 2H), 7.84 (s, 1H), 7.35 (dd, J = 8.1, 3.8 Hz, 10H),
7.22 (s, 4H), 7.19 (d, J = 4.1 Hz, 12H), 7.16 (s, 2H), 7.12 (t, J = 6.5 Hz,

32H), 7.08-7.04 (m, 10H), 6.98 (d, J = 7.5 Hz, 4H), 6.81 (t, J= 7.3 Hz,



2H), 1.37 (s, 9H). MS (MALDI-TOF): m/z calcd. for [Ci,4Hgo]", 1580.04;
found 1580.5881. Anal. calcd. for C;,4Hgy: C,94.17; H, 5.83%. Found: C,

94.15; H, 5.84%.

3. Device Fabrication

Commercial ITO glass substrate was pre-cleaned carefully with alkaline
detergent, boiled deionized water, and deionized water thoroughly in
ultrasonic bath and then treated with UV/O; for 2 min. TTPE(1,3,5,9)Py
emitter was purified by and vacuum sublimation. All the organic layers
were deposited onto the ITO-coated substrates by high-vacuum (1 x 103
Pa) thermal evaporation.[5>-53] 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.



4. Thermal Properties
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Fig. S1 TGA and DSC thermograms of TTPE(1,3,5,9)Py.




5. DFT Calculations
Table S1 Atom coordinates and absolute energies for TTPE(1,3,5,9)Py Standard

orientation.

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.164369  -4.132581 0.528643
2 6 0 1.063235 -3.468743 0.550770
3 6 0 1.164765  -2.069547 0.446686
4 6 0 -0.028726  -1.284739 0.380571
5 6 0 -1.294278  -1.955561 0.368382
6 6 0 -1.324377  -3.356171 0.417776
7 6 0 2.448691 -1.393376 0.417663
8 6 0 0.039429 0.143338 0.322846
9 6 0 1.312666 0.791859 0.361302
10 6 0 2.489231 -0.024784 0.391806
11 6 0 1.368808 2.208568 0.301814
12 6 0 0.174915 2.925934 0.183299
13 6 0 -1.085428 2.319708 0.157429
14 6 0 -1.165843 0.905528 0.221090
15 6 0 -2.412934 0.200582 0.167307
16 6 0 -2.505765  -1.161157 0.261797
17 1 0 -3.325432 0.777763 0.072753
18 1 0 1.979213  -4.035341 0.647363
19 1 0 -2.289055  -3.846519 0.367471
20 1 0 3.454897 0.464966 0.340244
21 1 0 0.224700 4.010906 0.166932
22 6 0 7.566127  -4.181564 0.270262
23 6 0 8.321174  -4.308545 -0.861819
24 6 0 6.255001 -3.465554 0.290559
25 6 0 5.255826  -3.730692  -0.661759
26 6 0 5.958878  -2.538999 1.304566
27 6 0 4.023590 -3.085804 -0.612702
28 1 0 5.453033 -4.447089 -1.453063
29 6 0 4731537  -1.882619 1.344857
30 1 0 6.702249  -2.330501 2.068865
31 6 0 3.736328  -2.143091 0.389443
32 1 0 3.276926  -3.302813  -1.371350
33 1 0 4530214  -1.166595 2.137043
34 6 0 7.989124  -4.745613 1.589149
35 6 0 7.087032  -5.489281 2.370346
36 6 0 9.271353  -4.501472 2.109490
37 6 0 7.464149  -5.998499 3.611959
38 1 0 6.084115 -5.671320 1.994242
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6. X-ray crystallography

Table S2 Summary of crystal data for TTPE(1,3,5,9)Py.

Parameters TTPE(1,3,5,9)Py
Empirical formula Ci24Hgg

Formula weight 1579.95
Temperature/K 153(2)

Crystal system monoclinic
Space group P2,/n

Unit cell dimensions

Z
Density (calculated)
Volume
F(000)
Theta range for data collection

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2¢ (I)]
Final R indexes [all data]
Largest diff. Peak/hole

a=15.5495(8)A,0=90.00°
b=38.2440(19)A,B=105.124(2)"
c=15.8621(8)A,y=90.00°
4
1.152 g/cm?3
9106.1(8) A3
3336.0
7.396%to 136.906°
-18<h<18
46 <k <46
-18<1<19
94866
16618
[Rine = 0.0519, Ry = 0.0324]
16618/6616/1259
1.170
R;=0.1894, wR, =0.3239
R, =0.2220, wR; =0.3342
1.53/-0.63 ¢ A3




Fig. S2 Packing distances and conformations in TTPE(1,3,5,9)Py: The shortest

contact between pyrene ring and a substituent on a neiboring molecule is 5.196 A, and
the centroid---centroid distance is 8.407 A.

Fig. S3 Packing plots for TTPE(1,3,5,9)Py: Top view (left) and side view (right).



7. Photophysical Properties
Table S3 Photophysical properties of TTPE(1,3,5,9)Py.

D [%] 7 [ns] Fl ke (108 §71)

soln® film* powder soln®  film*  powder soln®  film*  powder

TTPE(1,3,59)Py 2%  78% 61% 043 222 2.69 0.5/22.,5 3.5/1.0 23/14

“In THF, 1.0 x 107 M. ®Evaporated film on quartz plate. ‘Fluorescence quantum yield.

dFluorescence lifetime, measured at room temperature in air. The radiative decay rate, k; = &g /1.

The nonradiative decay rate, k,, = 1/t — k;.
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Fig. S4 The PL spectrum of TTPE(1,3,5,9)Py in different states: (a) THF:
concentration in THF solution, 1.0 x 10> M, (b) 90%: in THF/water mixtures, the
water fraction is 90%, (c) film: 50 nm, made by vacuum thermal evaporation.



8. Photoelectron Yield Spectroscopy (PESA) Spectra
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Fig. S5 PESA spectra of TTPE(1,3,5,9)Py film on evaporated film on precleaned
ITO substrates.



9. Device performance
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Fig. S6 (a) Current efficiency—luminance—power efficiency, and (b) external quantum
efficiency with luminance characteristics, and (c) EL spectra stability of OLED under
different current densities of TTPE(1,3,5,9)Py.
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Fig. S7 (a) Energy level diagrams and device configurations of TTPE(1,3,5,9)Py; (b)
Commission Internationale de I’Eclairage (CIE) chromaticity coordinate of the device.



Table S4 Summary of representative performances of OLEDs using pyrene-based

AlEgens.
Von Lmax ,max ,max }\’ CIE E E
Emitter ne e e Q Year/Ref.
(v) (cdm?) (cdA") (ImW') (nm) (xy) (%)
32 11849  7.38 6.42 468  (0.17,0.26) 4.10  This work
32 11450  6.51 6.24 488  (0.19,0.28) 3.35  2020/[S4]
O Q
o O 32 5453 7.82 6.40 484  (0.22,034) 3.66  2019/[S5]
+g%36®@%3+ 42 18287  2.94 1.79 448 (0.15,0.09) 3.46  2016/[S6]
o A O
ST 43 1996 227 137 452 (0.160.11) 1.70  2016/[S6]
OO0
oL o 43 1996 2.27 1.37 452 (0.16,0.11) 1.70 2016/[S7]
3.5 9824 4.02 3.08 436 (0.18,0.16) 2.50  2015/[S8]
I ]
Jodsene
v 07.,,],:;?3
0T %0 3.5 9824 4.02 3.08 436 (0.18,0.16) 2.50  2015/[S9]
"ﬁ ] [':w.i)
55
Q 4.6 25470  4.00 2.70 504 — 2.00  2011/[S7]
49 15546 691 3.55 484 (0.20,0.29) 3.25  2010/[S10]




10. FT-IR Spectrum
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Fig. S8 FT-IR spectra of TTPE(1,3,5,9)Py.
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11. NMR Spectra
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Fig. S9 '"H NMR spectrum of TTPE(1,3,5,9)Py (400 MHz, CDCl;).



12. Mass Spectra
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Fig. S10 MALDI-TOF Mass spectra of TTPE(1,3,5,9)Py.
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