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Supporting Notes
S1. Synthesis of 2,6-di(9H-carbazol-9-yl)-3,5-bis(3,6-di-tert-butyl-9H-carbazol-9-
yl)benzonitrile (2tCz2CzBn).

3,6-Dophenylcarbazole (0.56 g, 1.75 mmol) was dissolved in dry dimethyl formamidine
(DMF) in a three-neck flask under nitrogen atmosphere. The reaction mixture was cooled to 0
°C, and then NaH (0.04 g, 1.75 mmol) was added and stirred for 30 minutes. After that,
2F2CzBn (0.40 g, 0.85 mmol) was added, and the reaction mixture was slowly warmed to
room temperature. After 24 hours, the reaction was quenched with water, and the precipitate
was filtered off. The crude product was purified by column chromatography to give 0.55 g
(yield: 65%) of 2tCz2CzBn as a pale-green solid. *H NMR (400 MHz, CDCls) & 8.40 (s, 1H),
7.72 (d, J = 5.3 Hz, 8H), 7.26 (t, J = 8.3 Hz, 5H), 7.12 (dt, J = 13.6, 8.3 Hz, 17H), 1.34 (s,
36H). *C NMR (101 MHz, CDCls) 6 143.98, 139.06, 137.83, 137.32, 137.18, 136.65, 125.58,
124.37, 124.09, 123.21, 121.08, 120.08, 118.33, 116.06, 113.22, 110.05, 108.91, 77.37, 77.25,
77.05, 76.73, 34.62, 31.84. MS (APCI) calcd. for C;;HssNs: m/z = 987.52, found: 988.45

[M]+.

S2. Synthesis of 2,6-di(9H-carbazol-9-yl)-3,5-bis(3,6-diphenyl-9H-carbazol-9-
yl)benzonitrile (2PhCz2CzBn).

2PhCz2CzBn was synthesized according to the same procedure described above for the
synthesis of 2tCz2CzBn except for the use of 3,6-diphenyl-9H-carbazole (2PhCz) as the
reactant. *H NMR (400 MHz, CDCls) 6 8.49 (s, 1H), 8.04 (s, 4H), 7.79 (d, J = 7.5 Hz, 4H),
7.60 (d, J = 7.5 Hz, 9H), 7.50 — 7.39 (m, 14H), 7.34 (t, J = 7.3 Hz, 6H), 7.22 (dd, J = 14.2, 6.8
Hz, 7H), 7.15 (t, J = 7.4 Hz, 4H). *C NMR (101 MHz, CDCls) 6 141.31, 139.21, 138.90,

137.88, 136.64, 134.65, 128.80, 127.20, 126.87, 125.86, 125.32, 124.63, 124.41, 121.42,
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120.47, 118.79, 109.91, 109.66, 77.33, 77.21, 77.01, 76.69, -0.01. MS (APCI) calcd. for

Cr9Ha9Ns: m/z = 1067.40, found: 1067.45 [M]+.

S3. Cyclic voltammetry measurements

Cyclic voltammetry (CV) measurements were conducted on a RST 3100 electrochemical
analysis equipment at room temperature with a conventional three electrode configuration,
consisting of a platinum disk working electrode, a platinum wire counter electrode, a
Ag/AQCI reference electrode, and the supporting electrolyte of tetrabutylammonium
hexafluorophosphate (0.1 M). The cyclic voltammograms were obtained at a scanning rate of

50 mV s with a DCM solution.

S4. Characterization of thermal properties

Thermal gravimetric analysis (TGA) was carried out with a HCT-2 instrument at a heating
rate of 10 °C min™ under nitrogen atmosphere. Differential scanning calorimetry (DSC)
analysis were performed on a Pyris Diamond DSC Thermal Analyzer under a nitrogen flow at
a heating rate of 10 °C min™. However, the glass transition temperature (T,) for each emitter

was not observed from the DSC measurements.
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Figure S1. *H NMR spectrum of 2PhCz2CzBn.
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Figure S2. *C NMR spectrum of 2PhCz2CzBn.
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Figure S5. *C NMR spectrum of 2tCz2CzBn.



100-
95
90
85
80
75
70
65
60 -
30
45
40
35
30-
25
20

Abundance

5
5
5
.9
15

2
2K}
-330. 15
-536. 2
79
60
~684. 1!

(&)
=202,
~279, 1!

Figure S6. TOF-MS spectrum of 2tCz2CzBn.

764. 35

988.45

932. 35

: t i1l

WILEY-VCH

1005, 55

988, 45

1068. 5
3

1445, :

1000 1100 1200 1300 1400



WILEY-VCH

B3LYP correlation functional

LUMO
@ g
2PhCz2CzBn {3}# : z*{{:‘
2tCz2CzBn

. & .
‘.(‘;‘_l: ¥ A

. ® .

% . i«

W l AEg=0.1202 eV
& b ' TI
! g E ¥ 2.5903 eV

% e ag‘
1% 4 %ﬂ.
‘_&& 4 - 551.".

ec-{i a Etiix
.EttQ}‘ 5&;

Ha 2.7105 eV

S

27516 eV
S
I AEg,=0.1378 eV

Tl
2.6138 eV

LC-oPBE long range corrected functional
LUMO

2PhCz2CzBn

2tCz2CzBn

®B97X long range corrected functional

LUMO

ey Y
N 41
t**"
vy .
2PhCz2CzBn o (@3 &
LY .

2tCz2CzBn

el
. v 5
&
L
"~ ee

HOMO
4.1109 eV
S
AE¢=1.698 ¢V
S |
24129 eV
4.1148 eV
S
] AE¢,=1.644 ¢V
= T,
24713 eV
HOMO
4.1879 ¢V
" T — 1
¢ SN
E e l AE¢=1.3229 ¢V
»e el L
2.8650 ¢V
39713 eV
S
34 ‘ AE¢=1.1029 ¢V
i T,
2.8684 eV

Figure S7. Calculated LUMO and HOMO distributions and energy levels of 2PhCz2CzBn

and 2tCz2CzBn using different functionals.
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Table S1. The effects of three functionals on the estimated vertical excitation energy with 6-

31G(d) basic set in toluene solution.

DFT functional

Molecule B3LYP LC-wPBE wB97X Exp
X%=20% 0% — 100% 15.77% — 100% "
2PhCz2CzBn 457 nm 301 nm 312 nm 424 nm
2tCz2CzBn 450 nm 301 nm 312 nm 424 nm

& X represents the percentage of nonlocal Hartree-Fock exchange.

® At short range — at long range for X value, respectively.
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Table S2. Partial molecular orbital energies for all systems in toluene solution as given by

different TDDFT calculations.

B3LYP LC-wPBE wB97X Exp

Materials Level
[eV] [eV] [eV] [eV]
HOMO -2.163 -0.098 0.099 -3.1
2PhCz2CzBn ELn 3.295 7.838 7.525 2.9
LUMO -5.458 -7.936 -7.624 -6.0
HOMO -2.057 0.013 0.002 -3.1
2tCz2CzBn ELn 3.378 7.950 7.641 2.9
LUMO -5.435 -7.937 -7.639 -6.0

12
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a 2PhCz2CzBn b 2tCz2CzBn
635" 63.9" 63.5° 63.6°

Figure S8. Dihedral angles between the donor and the acceptor in the optimized geometries at

So, S1, and T; states for a) 2PhCz2CzBn and b) 2tCz2CzBn.

13



WILEY-VCH

2PhCz2C2Bn

- ."'.,‘ &
UCCBr Y . J0.1008 3
% %’*m 98.76% ‘%“

,‘ ‘g & \-t qt

Figure S9. Natural transition orbital (NTO) analysis for 2PhCz2CzBn and 2tCz2CzBn.
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Figure S10. Normalized steady-state photoluminescence (PL) spectra of a) 2PhCz2CzBn and

b) 2tCz2CzBn in various solvents with different polarity.
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Table S3. Photophysical characteristics of 2PhCz2CzBn and 2tCz2CzBn in doped films with

a mCBP host and non-doped films.

Films Tp Td TEL PLQY/(Dp/(Dd kr k|sc kmsc
[ns] [us] [us] [%0] [10"s™] [10"s™] [10°s™]

2PhCz2CzBn 10.7 9.6 50.8 86/39/47 3.9 5.5 2.2
20 wt% doped

2PhCz2CzBn 17.4 5.1 36.0 45/25/20 2.3 4.2 3.4
non-doped

2tCz2CzBn 10.4 15.7 62.1 87/41/46 4.1 5.2 1.4
30 wt% doped

2tCz2CzBn 15.7 9.8 52.3 66/31/35 2.0 3.4 2.1
non-doped

16
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Figure S11. Cyclic voltammograms of 2PhCz2CzBn and 2tCz2CzBn in CH,Cl, (10° M).
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Figure S13. Performance characteristics of blue OLEDs with different 2PhCz2CzBn

doping concentration. a) Current density-voltage-luminance (J-V-L) characteristics. b)

Electroluminescence (EL) spectra at 1000 cd m?. c) External quantum efficiency (EQE)

versus luminance. d) Current efficiency versus luminance.
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Table S4. Device performance of blue OLEDs based on different doping concentrations of

2PhCz2CzBN and 2tCz2CzBN.

Emitters Doping Vorr Al CIE(x,y)" EQE® CE° Limax
concentration
[wt%o] vVl [nm] [%] [cd A™] [cd m™]
2PhCz2CzBn 10 48 462 (0.153,0.188) 24.7/15.4/10.3 30.3/22.6/14.9 13570
20 47 464 (0.154,0.200) 26.6/17.2/11.7 35.4/26.1/17.3 22510
30 45 466 (0.161,0.230) 20.5/12.2/9.8 27.3/20.9/16.3 32340
50 56 472 (0.173,0.279) 9.2/9.0/7.4 17.6/17.3/14.3 28600
100 6.7 480 (0.195,0.333) 3.9/3.9/3.3 8.5/8.5/7.1 13330
2tCz2CzBn 10 44 460 (0.151,0.170) 17.9/10.5/6.7 21.3/14.0/9.0 15850
20 3.7 462 (0.152,0.176) 19.0/12.2/8.6 22.3/17.0/11.5 21800
30 3.4 464 (0.153,0.193) 23.8/17.1/12.4 32.2/26.0/18.2 30290
40 3.1 464 (0.155,0.210) 22.4/16.7/12.8 27.6/25.8/20.0 23020
70 29 466 (0.158,0.220) 21.4/16.0/12.5 29.6/26.5/20.3 35510
100 27 470 (0.167,0.248) 21.6/15.3/10.8 31.1/27.1/18.9 20590

2 Turn-on voltage (Von) at 1 cd m™. ® EL peak wavelength and Commission Internationale de

I’Eclairage (CIE) coordinates at 1000 cd m™. ¢External quantum efficiency (EQE) and

current efficiency (CE) at their maximum, 100 cd m, and 1000 cd m™. ¢ Maximum

luminance (Lmax)-
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Table S5. Comparison of the representative blue TADF emitters in doped and non-doped

Emitters Doping Von EL peak CIE EQE CE Linax Ref.
[wt%] V] [nm] (xy) [%]  [cdA™] [cdm?]

2tCz2CzBn 30 3.4 464 (0.15,0.19) 23.8 32.2 30290  This work
2tCz2CzBn non-doped 2.7 470 (0.17,0.25) 21.6 31.1 20590  This work
DCBPy 5 2.8 488 (0.17,0.36) 24.0 54.7 10300 [1]
PXZ-BIP 10 2.82 497 (0.22,0.42) 21.0 51.6 [2]
MA-TA 10 5.1 465 (0.15,0.19) 221 <300 [3]
CzBPCN 5 460 (0.14,0.12) 14.0 <500 [4]
3Ph2CzCzBN 20 3.8 486 (0.18,0.39) 17.9 41.7  ~40000 [5]
5CzBN 20 (0.19,0.41) 18.0 44.9 [6]
2a 6 ~4.2 487 (0.19,0.35)  20.6 [7]
2b 6 ~4.2 478 (0.17,0.27) 16.8 [7]
2c 6 ~4.3 477 (0.18,0.28) 14.6 [7]
PAC non-doped 458 (0.15,0.13) 10.48 12.37 16776 [8]
2SPAc-HPM 20 35 487 (0.18,0.34) 25.56 57.50 7200 [9]
2SPAc-MPM 20 3.6 479 (0.17,0.29) 24.34  50.00 4100 [9]
2SPAc-PPM 30 3.6 484 (0.18,0.32) 31.45 68.77 5600 [9]
MPAc-BS 50 2.8 503 (0.20,0.51) 25.3 72.1 12000 [10]
MPAC-BS non-doped 3.4 487 (0.15,0.36) 22.8 49.9 5500 [10]
MPAC-BO 50 3.0 489 (0.16,0.38) 24.9 57.0 ~4000 [10]
MPAC-BO non-doped 3.5 474 (0.14,0.23) 21.3 33.6 1800 [10]
PXB-DI 20 35 (0.16,0.34) 37.4 66.2 [11]
PXB-mIC 20 3.5 (0.14,0.18) 18.8 22.1 [11]
p-AC-DBNA 10 3.3 488 (0.17,0.36) 20.5 47.4 40750 [12]
p-AC-DBNA non-doped 2.7 516 (0.28,0.54) 141 47.1 27600 [12]
DCzBN4 10 3.5 468 (0.16,0.23) 18.0 24.2 [13]
SpiroAC-TRZ 12 2.6 490 (0.18,0.43) 36.7 94 [14]
SpiroAC-TRZ non-doped 3.3 (0.19,0.42) 154 36.1 7383 [15]
TspiroS-TRZ 30 31 481 (0.17,0.33) 33.3 71.1 [15]
TspiroS-TRZ non-doped 3.3 481 (0.16,0.30) 20.0 41.1 5119 [15]
DMA-THX 10 35 462 (0.14,0.14) 184 18.2 1460 [16]
mSOAD 36 3.6 480 (0.18,0.30) 16.6 34.6 [17]
mSOAD non-doped 3.1 488 (0.18,0.32) 14.0 31.7 [17]
TDBA-Ac 20 3.8 465 (0.14,0.15) 25.71 27.73 9014 [18]
TDBA-DI 20 31 480 (0.15,0.28) 38.15 64.38 47,680 [18]
DMAc-DPS 10 3.7 (0.16,0.20) 19.8 [19]
DMAc-DPS non-doped 4.1 (0.16,0.29) 195 5970 [20]
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