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1. Instrumentations

'"H NMR and 3C NMR spectra were obtained of the solutions in deuterated chloroform
(CDCl5-d6) with a 400 MHz Bruker Avance III spectrometer. The data are given as chemical
shifts in & (ppm) and tetramethylsilane was used as internal standard. Mass spectra were
obtained on a Waters ZQ 2000 mass spectrometer using ES+ ionization method. Cyclic
voltammetry (CV) measurements were carried out using Autolab Potentiate PGSTAT20 in a
three-electrode cell using the platinum rod as a counter electrode, glassy carbon as the
working electrode and Ag/AgNOs as the reference electrode. The experiments were carried
out in dry dichloromethane solution containing 0.1 M tetrabutylammonium perchlorate as an
electrolyte at room temperature under argon atmosphere at a scan rate of 50 mV/s. The
measurements were calibrated using the internal standard ferrocene/ferrocenium (Fc/Fc+).
Steady-state photophysical characterization was performed by using the samples prepared by
spin-coating from 1 mg/ml toluene solution on quartz substrates. Ultraviolet-visible (UV-vis)
spectra were measured by a Perkin Elmer Lambda 35 while photoluminescence spectra were
recorded by Edinburgh Instruments FLS980 spectrometer. The samples were excited by the

Xenon lamp at 330 nm. Time-resolved luminescence spectroscopy measurements were
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performed by utilizing a PicoQuant LDH-D-C-375 laser (wavelength 374 nm) as the
excitation source. Phosphorescence spectra were taken at 77 K using Edinburgh Instruments

uF2 microsecond lamp as an excitation source with a set delay of 1 ms.

The single crystals for X-ray diffraction analysis of target compounds 2AC-2CF3Ph, 2PO-
2CF3Ph and 2PS-2CF3Ph were obtained by slow evaporation technique using THF
solutions. The yellow crystal was mounted on the glass stick using glue. The crystallographic
analysis was performed employing XtaLAB mini diffractometer (Rigaku) with graphite
monochromated Mo Ko (A =0.71075 A) X-ray source. The measurements were performed at

room temperature.

The experimental procedures and instrumentations are presented in the supporting

information.

The crystallographic data for 2AC-2CF3Ph, 2PO-2CF3Ph and 2PS-2CF3Ph structures
reported in this paper have been deposited in Cambridge Crystallographic Data Centre with
respective CCDC no (2108557, 2101143 and 2108558). The copies of data can be obtained
free of charge on application to CCDC. (The Cambridge Structural Database (CSD)- The
Cambridge Crystallographic Data Centre (CCDC), (http://www.ccdc.
cam.ac.uk/solutions/csd-system/components/csd/). Calculations and visualization of the
structures (Fig. 1) were performed using the OLEX2 [1] crystallographic software package
except for refinement, which was performed using SHELXL [2]. For 2PS-2CF3Ph molecule
solvent mask procedure was used. Anisotropic thermal parameters were assigned to all
nonhydrogen atoms. The hydrogen atoms were included in the structure factor calculation at

idealized positions by using a riding model and refined isotropically.

The ionization potentials of solid samples were estimated by using electron photoemission

spectrometry in air. To get samples for the measurements of ionization potential the spin-
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coating onto fluorine doped tin oxide coated glass slides as substrates was used. ASBN-
D130-CM deep UV deuterium light source, CM110 1/ 8m monochromator and 6517B

Keithley electrometer were used for recording photoelectron emission spectra.

The studied OLEDs were fabricated by step-by-step vacuum deposition of organic and metal
layers onto pre-cleaned ITO coated glass substrates under vacuum higher than 2x107® mBar
(Figure S1). ITO-coated glass substrates with a sheet resistance of 15 {/sq were pre-patterned
getting seven independent devices with area 6 mm?. Substrate surface were cleaned by
sonicating 10 minutes in pure acetone following by 10 minutes in isopropyl alcohol (IPA) and
dried by nitrogen gun. Afterwards substrates had 15 minutes UV Ozone treatment. Density-
voltage and luminance-voltage characteristics were recorded utilizing certificated photodiode
PH100-Si-HA-DO together with the PC-Based Power and Energy Monitor 11S-LINK (from
STANDA) and Keithley 2400C source meter. Electroluminescence (EL) spectra were taken by
the Avantes AvaSpec-2048XL spectrometer. Device efficiencies were calculated using the

luminance, current density, and EL spectra.
Computation

Density functional theory (DFT) using range-separated hybrid functional LC-wiPBEh was used
to obtain the ground state molecular geometry. wr was tuned using the golden ratio algorithm
under polarizable continuum model (PCM) with a dielectric constant of 2.38 corresponding to
toluene and solvent radius of 3.48A. The calculation was performed using Terachem 1.93
software [3] and a Graphic Processing Unit server that had 64 GB RAM installed to support
eight Tesla K10 graphic cards. Vertical excited states were obtained using Time dependent-
DFT/ LC-wiPBEh//cc-pVDZ at optimal w under the same PCM model. For excited quantum
molecular dynamics simulations, the initial temperature was set at 550 K with equilibrium

temperature of 300 K using Langevin as a thermostat. Langevin was chosen to simulate the
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effect of jostling of solvents. The QMDs were carried out with 1 femtosecond (fs) time step
with 10000 steps. The solvent radius was set to be 3.48 A and dielectric constant of 2.38, the
typical values for a toluene. Time-reversible integrator with dissipation was also implemented.

The results were visualized using VMD software.
Chemicals

Unless specifically stated otherwise, all the reactions were performed under an argon
atmosphere. Starting reagents necessary for the synthesis were purchased from Fluorochem or
Sigma-Aldrich and used as received. Organic solvents were dried either by refluxing with
calcium hydride or sodium benzophenone ketyl and distilled under inert atmosphere. 1,4-

dibromo-2,5-bis(trifluoromethyl) (2) was synthesized according to the reported procedure [4].

2. General procedure for the synthesis of target derivatives

A mixture of 2 (1.0 equiv.), secondary aromatic amine, 3 (2.2 equiv.),
tris(dibenzylideneacetone)dipalladium(0) ((Pdy(dba);, 0.05 equiv.), X-Phos ( 0.07 equiv.),
sodium-zert-butoxide (--BuONa, 2.2 equiv.) and dry toluene (5 ml) were added into a two-neck
round bottom flask under argon atmosphere. The reaction mixture was refluxed for 24 hours.
After cooling, the reaction mixture was diluted with DCM and the organic phase was washed
with water and brine. After being dried over anhydrous Na,SO, and filtered, the solvent was
removed, and the crude product was purified by column chromatography using hexane/DCM

as eluent.
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10,10'-(2,5-bis(trifluoromethyl)-1,4-phenylene)bis(10H-phenoxazine),(2PO-2CF;Ph) was
prepared by the general procedure using 1,4-dibromo-2,5-bis(trifluoromethyl) (2, 0.50 g, 1.34
mmol), 10H-phenoxazine (0.54 g, 2.95 mmol), Pd,(dba); (0.06 g, 0.07 mmol), X-Phos (0.04 g,
0.09 mmol), --BuONa (0.28 g, 2.96 mmol) and 5 ml of dry toluene. The crude product was
washed with ethyl acetate. The target compound was obtained as yellow powder and was
further purified by recrystallisation using slow evaporation technique using a mixture of
different solvents. Yield: 56 % (0.43 g). Mp = 385.53 °C. Single crystal x-ray crystallography
was obtained to confirm the structure. (Figure 1). C3,H;sFsN,0,, calculated m/z: 576.13,

observed 576.01.

10,10'-(2,5-bis(trifluoromethyl)-1,4-phenylene)bis(10H-phenothiazine) (2PS-2CF;Ph)
was prepared by the general procedure using compound 2 (0.50 g, 1.34 mmol), 10H-
phenothiazine (0.59 g, 2.96 mmol), Pd,(dba); (0.06 g, 0.07 mmol), X-Phos (0.04 g, 0.09 mmol),
t-BuONa (0.28 g, 2.96 mmol) and 5 ml of dry toluene. The crude product was purified by
column chromatography using hexane/DCM (3/2) as an eluent. The target compound was
obtained as yellow powder. Yield: 45 % (0.40 g). Mp=321.09 °C; '"H NMR (400 MHz, CDCl;),

5 (ppm): 8.15 (s, 2H), 7.07 (dd, J = 7.5, 1.3 Hz, 4H), 6.97 — 6.79 (m, 8H), 6.02 (d, J= 7.9 Hz,
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4H). 3C NMR (101 MHz, CDCls), & (ppm): 154.8, 151.8, 143.4, 139.6, 136.7, 127.4, 127.1,

123.6, 121.0, 115.1. C3,H3F¢N»S,, calculated m/z: 608.08, observed: 608.60.

10,10'-(2,5-bis(trifluoromethyl)-1,4-phenylene)bis(9,9-dimethyl-9,10-dihydroacridine)

(2AC-2CF3Ph) was prepared by general procedure using compound 2 (0.50 g, 1.34 mmol),
9,10-dihydro-9,9-dimethylacridine (0.62 g, 2.96 mmol), Pd,(dba); (0.06 g, 0.07 mmol), X-Phos
(0.04 g, 0.09 mmol), --BuONa (0.28 g, 2.96 mmol) and 5 ml of dry toluene. The crude product
was purified by column chromatography using hexane/DCM (3/2) as an eluent. The target
compound was obtained as yellow powder. Yield: 45 % (0.4 g). Mp = 311.01 °C; '"H NMR
(400 MHz, CDCls), & (ppm): 7.99 (s, 2H), 7.49 (d, J = 7.6 Hz, 4H), 7.06 (t, J = 7.6 Hz, 4H),
6.99 (t, J = 7.4 Hz, 4H), 6.06 (d, J = 8.0 Hz, 4H), 1.90 (s, 6H, CH3), 1.41 (s, 6H, CH;).13C
NMR (101 MHz, CDCly), & (ppm): 140.6, 135.7, 130.5, 126.7, 125.5, 121.9, 113.6, 36.1, 34.5,

27.4. C38H;0F6N,, calculated m/z: 628.23, observed: 628.38.

3. Cyclic voltammograms and photoelectron emission spectra of 2PO-2CF3Ph, 2PS-2CF3Ph
and 2AC-2CF3Ph
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Figure S1: CV curves (a-c) and photoelectron emission spectra (d) of 2PO-2CF;Ph, 2PS-2CF; Ph, and
2AC-2CF;Ph
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Figure S2: the quantum molecular dynamics simulations of vertical excitation of the 4 lowest excited
states for (a) 2PS-2CF;Ph and (b) 2Ac-2CF;Ph along with their oscillatory strengths and simulated
absorption curve by applying gaussian broadening
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Figure S3: Dihedral angle between donor and acceptor and their respective oscillatory strengths with
the top histogram corresponding to the distribution of dihedral angle and the right axis histogram
correspond to the distribution of oscillatory strength for (a) 2Ac-2CF;Ph (b) 2PS-2CF-3-Ph
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Figure S4: The 4t lowest vibrational frequency of the three molecules
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Figure S5: The low-temperature PL and phosphorescence spectra of the matrix of 2PO-2CF;Ph[1
wt.%], 2PS-2CF;Ph[1 wt.%], 2AC-2CF;Ph[1 wt.%] in Zeonex (a). The low-temperature PL and
phosphorescence spectra of MeTHF solutions (10> M) of 2PO-2CF;Ph, 2PS-2CF;Ph, 2AC-2CF;Ph (b).
The phosphorescence spectra of the solid solutions (10> M) of PO-Ph, PS-Ph, AC-Ph (together with
their molecular structures) in THF at 77K (c). The phosphorescence spectra of 2CF;Ph (d). The
corresponding onsets of emission at 77K are given in eV. The onset wavelengths (A) were taken from
the corresponding spectra (as it schematically shown by the blue lines). The energies were calculated
using the empiric formula E=1240/A [eV].
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Figure S6: PL decay of the matrix of (a) 2PO-2CF;Ph[1 wt.%] (b) 2PS-2CF;Ph[1 wt.%] (c) 2AC-
2CF;Ph[1 wt.%] in Zeonex at different temperatures and the corresponding exponential fit curves at
each temperature.
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Table S1: Data of PL decay exponential fit curves of 2PO-2CF;Ph[1 wt.%] in Zeonex at different
temperatures and calculated values of fluorescence kinetics.

T,K
A
Ty, NS
A;
Ty, NS
IPL
I300x/ Lk
PLQY adjusted %
Area
Area PF
Area DF
PF %
DF %

DF/PF ratio

®PF, %
®DF, %
kPF, s™
kDF, s™
kiSC, s™
kRISC, s™
dISC
®DRISC
tPFrad, ns
tPFnrad, ns
kPFrad, s™
kPFnrad, s™
kTnrad, s™

300
1.12
21.46
0.01
925.83
597893
1.00
4.64
33.3
24.06
9.22
72.29
27.71

0.38

3.36
1.29
1.56E+06
1.39E+04
4.33E+05
1.92E+04
0.97
0.29
639.10
22.20
1.56E+06
4.50E+07
4.78E+04

250
1.10
21.53
0.01
1568.44
792245
0.75
6.15
325
23.67
8.83
72.83
27.17

0.37

4.48
1.67
2.08E+06
1.07E+04
5.66E+05
1.46E+04
0.96
0.28
480.30
22.50
2.08E+06
4.44E+07
3.68E+04

200
1.09
22.37
0.00
2794.29
892771
0.67
6.93
34
24.35
9.64
71.64
28.36

0.40

4.97
1.97
2.22E+06
7.04E+03
6.30E+05
9.82E+03
0.95
0.30
450.30
23.50
2.22E+06
4.25E+07
2.31E+04

150
1.13
25.83
0.00
7500.69
600526
1.00
4.66
44.5
29.22
15.30
65.63
34.37

0.52

3.06
1.60
1.19E+06
2.14E+03
4.07E+05
3.26E+03
0.97
0.35
843.70
26.60
1.19E+06
3.75E+07
5.93E+03

100
0.99
19.04
0.00
16627.27
470799
1.27
3.66
40.9
18.94
21.95
46.33
53.67

1.16

1.69
1.96
8.90E+05
1.18E+03
4.78E+05
2.55E+03
0.98
0.55
1124.00
19.40
8.90E+05
5.16E+07
2.12E+03

77
1.12
26.76
0.00
24179.45
372905
1.60
2.90
57.8
29.99
27.81
51.89
48.11

0.93

1.50
1.39
5.62E+05
5.76E+02
2.70E+05
1.11E+03
0.98
0.49
1780.40
27.20
5.62E+05
3.68E+07
1.16E+03

Table S2: Data of PL decay exponential fit curves of 2PS-2CF;Ph[1 wt.%] in Zeonex at different
temperatures and calculated values of fluorescence kinetics.

T, K
A
Ty, NS
A;
T,, NS

IPL

L300/ sk

300
1.08
18.16
0.01
1406.37
671900
1.00

250
1.08
19.67
0.01
2302.01
719387
0.93

200 150 100 77
1.11 1.12 1.12 1.09
21.94 24.23 24.30 23.79
0.00 0.00 0.00 0.00
4654.99 10693.29 23822.02 33204.94
705600 544949 522738 425275
0.95 1.23 1.29 1.58
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PLQY
adjusted
Area
Area PF
Area DF
PF %
DF %

DF/PF ratio

®PF, %
®DF, %
kPF, s™'
kDF, s™
kiSC, s™
kRISC, s!
®dISC
®DRISC
tPFrad, ns
tPFnrad, ns
kPFrad, s™
kPFnrad, s™
kTnrad, s

5.24

91.7
25.87
65.87
28.20
71.80

2.55

3.15
2.08
1.74E+06
1.48E+04
6.91E+05
2.46E+04
0.97
0.41
575.50
18.70
1.74E+06
5.33E+07
3.53E+04

5.61

75
27.10
47.92
36.13
63.87

1.77

3.36
2.25
1.71E+06
9.78E+03
6.85E+05
1.63E+04
0.97
0.42
585.80
20.30
1.71E+06
4.91E+07
2.30E+04

5.50

55.4
27.19
28.18
49.11
50.89

1.04

3.15
2.35
1.43E+06
5.05E+03
6.14E+05
8.83E+03
0.97
0.44
696.90
22.70
1.43E+06
4.41E+07
1.12E+04

4.25

42.4
24.26
18.12
57.24
42.76

0.75

2.09
2.16
8.61E+05
2.02E+03
4.38E+05
4.12E+03
0.98
0.52
1161.20
24.70
8.61E+05
4.04E+07
3.80E+03
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4.07

35.5
21.24
14.24
59.87
40.13

0.67

1.47
2.60
6.06E+05
1.09E+03
3.87E+05
3.02E+03
0.99
0.65
1650.50
24.70
6.06E+05
4.06E+07
1.64E+03

3.32

324
19.54
12.90
60.23
39.77

0.66

0.93
2.38
3.93E+05
7.17E+02
2.82E+05
2.54E+03
0.99
0.72
2545.20
24.00
3.93E+05
4.16E+07
9.65E+02

Table S3: Data of PL decay exponential fit curves of 2Ac-2CF;Ph[1 wt.%] in Zeonex at different
temperatures and calculated values of fluorescence kinetics.

T, K
A,

Ty, NS
A,
T, NS
IPL
|300K/|#K
PLQY
adjusted
Area
Area PF
Area DF
PF %
DF %
DF/PF ratio

OPF, %
®DF, %

300
0.97
35.40
0.05
2560.14
607348
1.00

38.49

158
34.20
124.05
21.61
78.39

3.63

8.32
30.17

250
1.08
33.31
0.03
2782.56
515701
1.18

32.68

128
35.98
92.07
28.10
71.90

2.56

9.18
23.50

200
1.08
34.38
0.02
3864.05
482359
1.26

30.57

120
37.07
82.62
30.97
69.03
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kPF, s™ 2.35E+06 2.76E+06 2.75E+06 2.60E+06 2.87E+06 3.07E+06
kDF, s™ 1.18E+05 8.44E+04 5.46E+04 2.84E+04 1.91E+04 1.73E+04
kisC, s™ 1.84E+06 1.98E+06 1.90E+06 1.74E+06 1.78E+06 1.76E+06
kRISC, s  5.45E+05 3.01E+05 1.76E+05 8.55E+04 5.05E+04 4.06E+04
dIsC 0.92 0.91 0.91 0.91 0.89 0.88
®DRISC 0.86 0.79 0.76 0.74 0.70 0.65
tPFrad, ns 425.60 362.70 363.10 384.20 348.70 326.20
tPFnrad, ns 38.60 36.70 38.00 40.30 43.30 45.30
kPFrad,s™ 2.35E+06 2.76E+06 2.75E+06 2.60E+06 2.87E+06 3.07E+06
kPFnrad, s 2.59E+07 2.73E+07 2.63E+07 2.48E+07 2.31E+07 2.21E+07
kTnrad,s™ 9.25E+04 7.91E+04 5.49E+04 3.03E+04 2.17E+04 2.16E+04

6. The laser energy dependence of the delayed emission for 2Ac-2CF;Ph in SimCP2.
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Figure S7: Non-normalized (a) and normalized (b) PL spectra recorded with the delay of 1 us after

excitation under vacuum and at the different optical excitation powers and the corresponding the

laser energy dependence of the integrated area the delayed emission band (c) for 2Ac-2CF;Ph[10
wt.%] in SimCP2.
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Figure S8. PL spectra of the films of the molecular mixtures of 2AC-2CF;Ph and SimCP2 containing 5,
10 and 15 wt. % of 2AC-2CF;Ph. (a); PL spectra of the film of 10 wt. % molecular dispersion of 2AC-
2CF;Ph in SimCP2 recorded in air and in vacuum (b); the low-temperature and room-temperature PL
spectra (c) and PL decay curves (d) of the films of 10 wt. % molecular dispersion of 2AC-2CF;Ph in
SimCP2 recorded at 77K. PL spectra of the film 10 wt. % molecular dispersion of 2AC-2CF;Ph in

SimCP2 recorded at the different delay time after excitation (e).

7. Optimized Molecular structure data for 2PO-2CF;Ph using wPBEh

Optimized Molecular structure for 2P0O-2CF;Ph using wPBEh functional at cc-pvdz with w of 0.04938
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Optimized Molecular structure for 2PS-2CF;Ph using wPBEh functional at cc-pvdz with w of 0.04938
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Optimized Molecular structure data for 2PS-2CF;Ph using wPBEh
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9.

Optimized Molecular structure for 2Ac-2CF;Ph using wPBEh functional at cc-pvdz with w of 0.04250
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Optimized Molecular structure data for 2AC-2CF;Ph using wPBEh
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10. Optimized Molecular structure data for 2PO-2CF;Ph using wPBEh with functional at cc-
pydz

Molecular structure for 2P0O-2CF3Ph using wPBEh functional at cc-pvdz with
w of 0.04938 that display high oscillatory strength
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Characterisations of 2PS-2CF;Ph by 1H, 13C-NMR spectroscopy
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Figure S9: 1H-NMR for 2PS-2CF;-Ph
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Figure S10: 13C-NMR for 2PS-2CF;-Ph

12. Characterisations of 2AC-2CF;Ph by 1H, 13C-NMR spectroscopy
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Figure S11: 1H-NMR 2AC-2CF;Ph
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Figure S12: 13C-NMR 2AC-2CF;Ph
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13. Characterisations of 2P0O-2CF;Ph, 2PS-2CF;Ph, 2AC-2CF;Ph by mass spectroscopy
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Figure S13: Mass spectrum for 2P0O-2CF;Ph
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Figure S14: Mass spectrum for 2PS-2CF;Ph
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Characterisations of 2P0O-2CF;Ph, 2PS-2CF;Ph, 2AC-2CF;Ph by DSC
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Figure S16: DSC curve for compound 2PO-2CF;Ph
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Figure S17: DSC curve for compound 2PS-2CF;Ph
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Figure S18: DSC curve for compound 2AC-2CF;Ph

15. Characterisations of 2P0O-2CF3Ph, 2PS-2CF3Ph, 2AC-2CF3Ph by TGA
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Figure $19: TGA curve for compound 2PO-2CF3Ph
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Figure S20: TGA curve for compound 2PS-2CF;Ph
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Figure S21: TGA curve for compound 2AC-2CF;Ph
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