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1. Experimental details

The absorption spectra were measured using a UV-visible spectrophotometer UV-2550
(Shimadzu) at room temperature. The emission spectra were measured using a
FluoroMax-4 (Horiba Jobin Yvon) at room temperature. Thin-film samples (4CzIPN, 1, 2,
4CzTPN, 3, 4 pristine films and 10 wt% PPT doped films, 50 nm thicknesses) were
deposited by vacuum evaporation under high vacuum (< 5 x 10™ Pa) onto the
substrates. The photoluminescence quantum vyield (PLQY, @r.) was measured using
measurement system C11347-11 (Hamamatsu Photonics) under argon flow. The
transient photoluminescence decay characteristics of film samples were recorded using
a Quantaurus-Tau fluorescence lifetime measurement system C11367-03 (Hamamatsu
Photonics). The prompt and delayed PL spectra and phosphorescent spectra of the
doped films were measured under vacuum using a streak camera system C4334
(Hamamatsu Photonics) with an excitation wavelength of 337 nm. lonic potential of the
materials was measured using photoemission yield spectrometer AC-3 (Riken Keiki). The
photo-degradation was measured by light irradiation using MAX-303 (Asahi Spectra)
with 300-400 band pass filter and light intensity control feedback unit. The initial
irradiation light intensity was measured by C9536_H9958 (Hamamatsu Photonics) and
the emission was continuously recorded by PMA-12 (Hamamatsu Photonics). OLED
samples were fabricated by thermal evaporation onto clean indium tin oxide-coated
glass substrates. The current density-voltage-luminance (J-V-L) and CIE characteristics
were measured using an external quantum efficiency measurement system (C9920-12,
Hamamatsu Photonics). Quantum chemical calculations were performed using the
Gaussian 16 Rev. A.03. Geometry optimization of the ground state was carried out using
the B3LYP functional with the 6-31+G(d) basis set, and S; and T, states were calculated
with time-dependent DFT method using the same functional with the 6-31G(d) basis set.



2. Synthesis and characterization

Sodium hydride (60 wt%, dispersion in mineral oil, sigma-aldrich),
tetrafluoroisophthalonitrile, tetrafluoroterephthalonitrile (tokyo chemical industry co.,
Itd.), THF (super dehydrated, fujifilm wako pure chemical corporation), TBPe and Flrpic
(luminescence technology corp., Fig. S1) were used as received. All reactions were
carried out under N, atmosphere. In general, evaporation and concentration of solvents
were carried out under reduced pressure below 50 °C, unless otherwise noted. H and
9F NMR spectra were determined using a Bruker Biospin Avance Ill 500 spectrometer
or an Agilent VNMRS 400 spectrometer with chloroform-d, DMSO-dg or acetone-dg as a
solvent. Coupling constants (J) are given in hertz (Hz) and are quoted to the nearest 0.5
Hz. Peak multiplicities are described in the following way: s, singlet; d, doublet; dd,
doubledoublet; t, triplet; m, multiplet. Mass spectra were measured in positive-ion
atmospheric pressure solid analysis probe (ASAP) mode on a Waters 3100 mass
detector. Elemental analysis was performed by the Service Center of the Elementary
Analysis of Organic Compounds affiliated with the Faculty of Sciences at Kyushu
University.

TBPe

Fig. S1. Chemical structures of TBPe and Flrpic.



2.1 1,2,3,5-tetrakis(2,7-bis(trifluoromethyl)carbazol-9-yl)-4,6-dicyanobenzene (1)
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To a solution of 2,7-bis(trifluoromethyl)carbazole (3.03 g, 10.0 mmol) in THF (100 ml)
was portionwisely added sodium hydride (480 mg, 60wt% dispersion in mineral oil, 12.0
mmol), then the mixture was stirred for 1 h. After stirring, tetrafluoroisophthalonitrile
(400 mg, 2.00 mmol) was added to the solution dropwisely, and then resulted mixture
was stirred at room temperature for 18 h. The reaction was quenched by adding water.
The precipitate was filtered and washed with water and chloroform to give light yellow
powder (2.60 g, 97.5 % vyield). The product was further purified by sublimation before
measurements.

1H NMR (500 MHz, acetone-dg): & = 7.33 (dd, J = 8.5, 1.0 Hz, 2H), 7.62 (dd, J = 8.5, 1.0 Hz,
4H), 7.89 (s, 2H), 7.90 (s, 4H), 7.93 (d, J = 8.5 Hz, 2H), 7.98 (dd, J = 8.5, 1.0 Hz, 2H), 8.05
(s, 2H), 8.33 (d, J = 8.5 Hz, 4H), 8.80 (d, J = 8.5 Hz, 2H).

19F NMR (400 MHz, acetone-dg): 6 = -61.73, -62.14, -62.21.

MS (ASAP): m/z 1333 [M*].

Anal. Calcd. for CesHz4F2aNg (%): C 57.67, H 1.81, N 6.31; Found C 57.63, H 1.89, N 6.33.



2.2 1,2,3,5-tetrakis(3,6-bis(trifluoromethyl)carbazol-9-yl)-4,6-dicyanobenzene (2)

F3C CF3
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To a solution of 3,6-bis(trifluoromethyl)carbazole (2.12 g, 6.99 mmol) in THF (70 ml) was
portionwisely added sodium hydride (336 mg, 60wt% dispersion in mineral oil, 8.40
mmol), then the mixture was stirred for 1 h. After stirring, tetrafluoroisophthalonitrile
(280mg, 1.40 mmol) was added to the solution dropwisely, and then resulted mixture
was stirred at room temperature for 13 h. The reaction was quenched by adding water.
The precipitate was filtered and washed with water and isopropanol to give light yellow
powder (1.86 g, 100 % vyield). The product was further purified by sublimation before
measurements.

1H NMR (500 MHz, DMSO-dg): & = 7.16 (dd, J = 8.5, 1.5 Hz, 2H), 7.60-7.68 (m, 6H), 7.98
(d, J = 8.5 Hz, 4H), 8.20 (s, 2H), 8.30 (dd, J = 8.5, 1.5 Hz, 2H), 8.40 (d, J = 8.5 Hz, 2H), 8.63
(s, 4H), 9.19 (s, 2H).

19F NMR (400 MHz, DMSO-dg): & = -59.12, -59.46, -59.68.

MS (ASAP): m/z 1333 [M*].

Anal. Calcd. for CesHz4F24Ng (%): C 57.67, H 1.81, N 6.31; Found: C 57.91, H 1.81, N 6.30.



2.3  1,2,4,5-tetrakis(2,7-bis(trifluoromethyl)carbazol-9-yl)-3,6-dicyanobenzene (3)

1) ‘INZafIquw CF3F3C
THF ' h
F3CCF3 2)0. Zgguw FsC O N:©iN Q
CN
o
F F
HE 3
r.t.
To a solution of 2,7-bis(trifluoromethyl)carbazole (3.03 g, 10.0 mmol) in THF (100 ml)
was portionwisely added sodium hydride (480 mg, 60wt% dispersion in mineral oil, 12.0
mmol), then the mixture was stirred for 1 h. After stirring, tetrafluoroterephthalonitrile
(400 mg, 2.00 mmol) was added to the solution dropwisely, and then resulted mixture
was stirred at room temperature for 18 h. The reaction was quenched by adding water.
The precipitate was filtered and washed with water and chloroform to give yellow
powder (2.57 g, 96.4 % vyield). The product was further purified by sublimation before
measurements.

H NMR (500 MHz, acetone-dg): & = 7.66 (dd, J = 8.0, 1.5 Hz, 8H), 8.04 (d, J = 1.5Hz, 8H),
8.35 (d, J = 8.0 Hz, 8H).

19F NMR (400 MHz, acetone-dg): 6 =-61.91.

MS (ASAP): m/z 1333 [M*].

Anal. Calcd. for CgsH4F24Ng (%): C57.67, H 1.81, N 6.31; Found C57.73, H 1.76, N 6.48.



2.3  1,2,4,5-tetrakis(3,6-bis(trifluoromethyl)carbazol-9-yl)-3,6-dicyanobenzene (4)
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To a solution of 3,6-bis(trifluoromethyl)carbazole (2.12 g, 6.99 mmol) in THF (70 ml) was
portionwisely added sodium hydride (336 mg, 60wt% dispersion in mineral oil, 8.40

:{%
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mmol), then the mixture was stirred for 1 h. After stirring, tetrafluoroterephthalonitrile
(280 mg, 1.40 mmol) was added to the solution dropwisely, and then resulted mixture
was stirred at room temperature for 18 h. The reaction was quenched by adding water.
The precipitate was filtered and washed with water and chloroform to give yellow
powder (1.85 g, 99.1 % vyield). The product was further purified by sublimation before
measurements.

1H NMR (500 MHz, acetone-dg): & = 7.61 (dd, J = 8.5, 2.5 Hz, 8H), 7.91 (d, J = 8.5 Hz, 8H),
8.51 (d, J = 2.5 Hz, 8H).

19F NMR (400 MHz, acetone-dg): 6 = -61.55.

MS (ASAP): m/z 1333 [M*].

Anal. Calcd. for CesHz4F2aNg (%): C 57.67, H 1.81, N 6.31; Found C 57.81, H 1.83, N 6.26.
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Table S1. DFT calculations of 4CzIPN, 1, 2, 4CzTPN, 3 and 4 (B3LYP/6-31+G(d)// B3LYP/6-31G(d))

using Gaussian 16, Rev. A.03.

HOMO LUMO Eg Sq T, AEst f 0, 0, 03 Oy

Emitter  (eV) (eV) (eV) (eV) (ev) (eV) () () () ()
4CzIPN -5.67 -2.56 3.11 2.44 2.32 0.12 0.094 70 65 63 63
1 -6.43 -3.32 3.11 2.45 2.37 0.09 0.074 66 70 68 70

2 -6.78 -3.57 3.20 2.60 2.49 0.11 0.091 71 65 64 64
4CzTPN -5.73 -2.82 2.91 2.25 2.15 0.10 0.101 67 67 67 67
3 -6.42 -3.50 2.92 2.27 2.17 0.10 0.099 67 70 71 69

4 -6.83 -3.81 3.02 2.43 2.33 0.10 0.099 67 67 67 67

Compound Compound HOMO LUMO
4CzIPN 4CzTPN
1 3
2 4

Fig. S6. HOMO and LUMO distributions for 1-4, 4CzIPN and 4CzTPN (B3LYP/6-31G(d)) using Gaussian
16, Rev. A.03.
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Table S2. PL peak wavelength of pristine films and 10 wt% doped PPT films of 1-4, 4CzIPN and
4CzTPN.

pristine 10 wt%

difference
film doped film
7\p|_ 7\p|_ A)\PL
Emitter (nm) (nm) (nm)
4CzIPN 567 524 43
1 503 469 34
2 515 482 33
4CzTPN 601 557 44
3 516 504 12
4 546 507 39
30 | I | | | O ! | |
75 o 4CdPN A
L o 1 o -
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Fig. S14. Photoelectron yield spectroscopy in air of 1-4, 4CzIPN and 4CzTPN pristine films (UV light

source intensity, 10 nW).
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Fig. S15. Electroluminescence characteristics of OLED using 1-4 as an emitter; (a) Energy diagram;

(b) CIE diagram (CIE1931); (c) Current density-voltage-luminance characteristics; (d) EL spectra.
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Fig. S16. Electroluminescence characteristics of OLED using 4CzIPN, 4CzTPN as an emitter; (a) Energy
diagram; (b) EQE-current density characteristics; (c) Current density-voltage-luminance

characteristics; (d) EL spectra.



Table S3. Kinetic parameters of 10 wt% doped PPT films for 1-4, 4CzIPN and 4CzTPN.

Emitter ks kisc Krisc Kore
4CzIPN 5.62x10% 7.44x107 3.58x10° 4.77 x 10*
1 4.00x10° 2.05x10% 4.21x10%° 3.96x103
2 3.66x10%° 1.04x10® 4.19x10° 2.38x 10*
4CzTPN 3.02x10% 1.42x10% 9.15x10° 2.15x10°
3 3.43x10%° 2.78x10® 1.00x 107 3.01x10*
4 6.72x10% 1.16x10® 4.57x10° 7.46x10°
K
S ISC
1 \\
k 1 T
krs RISC 1
: knrt
\4

The respective rate constants of the prompt and delayed fluorescence components (k,and kg), in the

presence of mutual ISC between the singlet and triplet states, are given by?!

k—l
p_Tp

= ks + kisc @

1 kisc
k= — =k +[1-—— |k 2
d _L_d nrt ( krs + kISC) RISC ( )

The PL quantum efficiencies of the prompt and delayed components (Q)p and Qd) are given by

krs
= _ 3
O kys +kpsc ©
Bq= Z (®15C®RISC)kop 4
k=1

where 2isc and Prisc are the quantum efficiencies for ISC and RISC, respectively. The following
equation is obtained from equations (1)-(4):
kpisc =@ (5)
kisc ®p
Thus, kgisc can be estimated from the experimentally observable rate constants and the PL quantum

efficiencies of the prompt and delayed components.
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