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Abstract

A series of carbazolyl-substituted quinazolinonesendesigned and synthesized by the Pd-catalyzed
BuchwaldHartwig, Suzukiand Heck cross-coupling reactions. Their optichbtpphysical, thermal,
electrochemical, and electroluminescent propenvese investigated. The characterization of the
synthesized compounds was carried out using expatahand theoretical methods. The determined
geometries of the compounds lead to the HOMO U#igtion on the quinazolinone moiety and the
different donor substituents. The synthesized camgs form glasses with the glass transition
temperatures ranging from 97 to 1%9. Their solutions in tetrahydrofuran absorb etmoiagnetic
radiation in the range of 210-420 nm and emit mrdnge of 350-600 nm. The Stokes shifts recorded
for the dilute solutions of compounds ranged fra8ntd 134 nm, while those observed for the solid
films were similarly in the range of 46-113 nm. Tiighest fluorescence quantum yield44.3% was
recorded for the solution of 3-(9-ethyHScarbazol-3-yl)-5-((E)-2-(9-ethyl49-carbazol-3-yl)ethenyl)-

2-methylquinazolin-4(3H)-one. The triplet energydts established for the dilute solutions of the



compounds from their phosphorescence spectralatwgre found to be in the range of 2.55-2.99 eV.
The ionization potentials of the synthesized commgisu established by photoelectron emission
technique in air ranged from 5.35 to 5.66 eV. Tleteochemical properties of the derivatives were
studied by cyclic voltammetry. All the studied comopds showed irreversible oxidation and no
reduction waves. Their repeated cyclic voltammetgns displayed increasing changes in the cyclic
voltammetry traces, proving that a series of eteptlymerization reactions of the radical cations
occurred. Time-of-flight hole drift mobility of thsolid layer of 5-(bis(4ert-butyldiphenyl)amino)-3-
(9-ethyl-H-carbazol-3-yl)-2-methylquinazolin-4(3H)-one readHe1x10® cnf/Vs at an electric field

of 8.1x1G V/cm. This compound was tested as a host in teergand blue phosphorescent organic
light emitting diodes achieving maximum externalagtum efficiencies ofca. 7.1 and 6.9%,

respectively.

Keywords: quinazolinone, Buchwaltlartwig, Suzuki, Heck reactions, organic light émg diode,

electro-polymerization reaction.

1. INTRODUCTION

Organic materials possessing extendecbnjugation received great attention in recentryea
owing to their useful photophysical and charge gpmmt properties, which make them potential
materials for the application in electronic andogbéctronic devices [1,2].

Much effort was devoted to establish structure-prgprelationships in order to develop new
materials with desired properties. Due to the ed@etionating capabilities associated with the
nitrogen atom in the carbazole ring, derivativescafbazole represent a very popular family of
functional organic compounds because of their @siang optical properties, low redox potentials,

high chemical and thermal stability, good chargesporting properties [3,4]. Nitrogen atom of



carbazole moiety can be functionalized by alkylatey arylation reactions to enhance the solubility
and to improve other properties of the resultingvadgives [5]. Many carbazole-containing molecules
are known to exhibit relatively intense luminesaand high glass transition temperatures [6,7]. For
these reasons they have been extensively investdidgat the applications in optoelectronic devices
such as organic light-emitting diodes (OLEDs) ang-densitized solar cells. [8,9]. Carbazole can
also be easily functionalized by electrophilic aetim substitution at its C-3, and C-6 positionshwit
high electron density, and hence a large numbes,@ffunctionalized carbazole derivatives were
reported [10,11].

Quinazolinone derivatives were actively studied they represent an important class of
compounds due to their wide range of intrinsic dgotal activities [12]. Use of quinazolinone
derivatives as semiconductors may potentially &hrdapability of organic optoelectronic devices. To
our knowledge, no systematic study on structuralil-defined carbazole-quinazolinone systems
focusing on the effect of the connectivity betwdlea carbazole and quinazolinone moieties on their
electronic, optical, photoelectrical, electrochemhi@and electroluminescent properties was repated
far. In this context, we became interested in Ydetirbazolyl-substituted quinazolinone derivatives,
in which the number of different electron-donatirggoups (3,6-diert-butylcarbazole, 4,4'-
dimethoxydiphenylamine, 4,4’-dert-butyl-diphenylamine, 9-ethyl-3-vinyl¥9-carbazole, 2K-
methylcarbazol-3-yl)-4,4,5,5-tetramethyl-[1,3,2pdaborolane) are linked at C-5 position of
quinazolinone moiety.

Here, we report on the synthesis of differentlysditbted quinazolinones and on their thermal,
photophysical, photoelectrical, redox properties] demonstrate the applicability of these materials
as hosts for phosphorescence organic light emittdiagles. Joint experimental and theoretical
aproaches are employed in order to characterizeyththesized derivatives, and to better understand

the structure-property relationships.



2. EXPERIMENTAL

2.1. Materials and instrumentation

2-Acetamido-5-bromobenzoic acid, 4,4’-dimethoxydipilamine, 4.4'-dtert-butyl-
diphenylamine,  3-aminotd-ethyl-carbazole, 9-ethyl-H-carbazole-3-carbaldehyde,  te-
butylphosphine solution (1.0 M in toluene), ¢riplyl)phosphine (R§-tolyl)s), palladium(ll) acetate
(Pd(OACc)), bis(triphenylphosphine)palladium(I(Pd(PPB).Cl,), triethylamine, phosphoryl chloride
(POCH), potassiuntert-butoxide, methyltriphenylphosphonium bromide @Rh) were purchased
from Aldrich, TCI Europe, Acrosand used without further purificatiosolvents were dried and
purified by distillation.

3,6-Ditert-butyl-9H-carbazole 3a) [13] (m.p. 221-222°C, lit. [14] m.p. 228°C), 2-(\-
methylcarbazol-3-yl)-4,4,5,5-tetramethyl-[1,3,2pdaborolane 3b) [15] (m.p. 143-144C, lit. [15]
m.p. 150.6-151.8 °C), 9-ethyl-3-vinyBcarbazole (3c) [16] (m.p. 62-68, lit. [17] m.p. 66-67C)
were prepared according to the published procedures

'H and**C NMR spectra were recordered using Varrian Uniiyva (300 MHz H), 75.4 MHz
(*°C)) spectrometer at room temperature. Infrared @pgctra were recorded using Perkin Elmer
Spectrum GX spectrometer. Mass (MS) spectra wetared on a Waters ZQ 2000 (Milford, USA).
Elemental analysis was performed with an Exeteryiral CE-440 Elemental Analyser. Differential
scanning calorimetry (DSC) measurements were choig using a Q100 TA DSEeries thermal
analyzer at a heating rate of 4/min under nitrogen flow. Thermogravimetric an@y§TGA) was
performed on a Mettler Toledo TGA/SDTA 85ander nitrogen. Melting points were recorded on
Electrothermal MEL-TEMP melting point apparatus. dbsorption spectra were recorded on Perkin
Elmer Lambda 35 spectrometer. Fluorescence speetra recorded with a Perkin EImer LS 55 and
Edinburgh Instruments FLS980 spectrometers. Phaspbence spectra were recorded on Edinburgh

Instruments FLS980 spectrometer at the temperatbirdiquid nitrogen (nominally 77 K).



Fluorescence quantum yield®d) of the solutions and solid films were carried dayt absolute
method with FLS980 fluorescence spectrometer amdgumitegrating sphere of 120 mm inside
diametre of the spherical cavity. All the measurmetsevere carried out at the room temperature.
Solid-state ionization potentials @f were established by electron photoemission imagthod as
reported earlier [18,19]. For the measurementdayers on ITO glass were prepared by drop casting
from the solutions of the compounds in tetrahydmafiuTHF). The samples were illuminated with the
monochromatic light obtained using the deep UV eéeuin light source ASBN-D130-CM and
CM110 1/8 m monochromator. The negative voltagé@ff V was supplied to the sample substrate.
The counter-electrode was placed at the distancg mim from the sample surface. The counter-
electrode was connected to the input of the 651#thkey electrometer for the photocurrent
measurement. An energy scan of the incident photeass performed while increasing the photon
energyhv. In this scan direction, no electrons were emittetll hv exceeded the ionization potential
of the layer. The cyclic voltammetry (CV) measuremsewere carried out by a three-electrode
assembly cell from Bio-Logic SAS and a micro-AUTOBAType Il potentiostat-galvanostat. The
working electrode was a glassy carbon, the referefectrode and the counter electrode were Ag/Ag
0.01 M and Pt wire, respectively. Argon-purged thobmethane (DCM) with tetrabutylammonium
hexafluorophosphate (BNBF¢) 0.1 M was used as electrolyte. The experimente walibrated with
the standard ferrocene/ferrocenium(Fc) redox system [20]. Half-wave redox potenti@ Fc/Fé
was established to be 0.285v8l Ag. The charge mobilities of the studied matenaése estimated
by the time-of-flight (TOF) technique [21]. The &g for the TOF measurements were prepared by a
vacuum vapor deposition onto precleaned glass muestwith indium-tin oxide (ITO) electrodes at
vacuum below 30°° mBar. The layer of aluminum with the thicknessad30 nm was deposited on
the organic film as the upper electrode. The thesksnof the organic layers was between 1.3 god.5
The measurements were carried out at room temperdtar generation of charge carriers a Nd:YAG
laser (EKSPLA NL300) with the wavelength of 355 amd 3-6 ns pulse width was used as a light

source. Electric fields were applied by a 6517B tiley electrometer. The photocurrent was



measured with a digital stragescope Tektronix TDS2& through a resistance. The transit titges
were used to calculate the charge carrier mobilitgy the equation: = d?/Vt,, whered is the
thickness of the studied films andlis the applied voltage to the electrodes of thd=TDructures.
Phosphorescent OLEDs (PhOLEDSs) were fabricatedhéyrtal vacuum deposition under the vacuum
higher than 3x1® mBar. The host:guest emission layers from tweedéiit sources were deposited by
co-deposition of host (m/m 90%) with depositioneraf ca. 1 A/s and dopant (m/m 10%) with
deposition rate ota. 0.1 A/s. A Keithley source meter 2400-C, a 6517&itkley electrometer, a
calibrated silicon photodiode plased in front oé tRhOLEDs, and an Avantes AvaSpec-2048XL
spectrometer were utilized for recording of therent density-voltage and current density-luminance
characteristics and electroluminescence (EL) spaiftthe devices. The current, power and external
quantum efficiencies were estimated utilizing therent density, luminance, and EL spectra as
reported earlier [22]. Density function theory (DFand time dependent density function theory
(TDDFT) were performed using Gaussian 09 softwanpleying B3LYP functional and 6-31G(d,p)
basis set [23]. Up to 40 excited states were caledland theoretical absorption spectra were aadain

by considering a band half-width at half-maximun0@ eV.

2.2. Synthesis

5-Bromo-3-(9-ethyl-9H-car bazol-3-yl)-2-methylquinazolin-4(3H)-one (2a). N-Acetyl-5-bromo
anthranilic acid 1a) (5 g, 19.38 mmol) was added to a solution of 3r@r®-ethyl-carbazolelp)
(4.05 g, 19.31 mmol) in dry toluene (60 ml). P2 ml) was added dropwise during 40 min with
stirring, and then the reaction mixture was reftlixer 8 hrs. After cooling to the room temperature,
the reaction mixture was diluted with ice-wateeated with 15% KCO; solution and extracted with
chloroform. The organic phase was dried ovepS@a, concentrated and the crude product was
purified by column chromatography using hexaneéoti(1:3) as eluent followed by recrystallization

from the solvent mixture of eluent to obta®a (yield: 5.69 g, 68%), m.p. 270-27Z. *H NMR



spectrum (300 MHz, DMS®, ppm): 8.25 (d, 1H) = 2.0 Hz, Ar), 8.22 (d, 1H] = 2.4 Hz, Ar), 8.16
(d, 1H,J = 7.8 Hz, Ar), 8.03 (dd, 2Hl, = 7.8 Hz,J, = 2.4 Hz, Ar), 7.80 (d, 1H] = 8.7 Hz, Ar), 7.68
(d, 1H,J = 8.7 Hz, Ar), 7.57-7.48 (m, 2H, Ar), 7.26 (t, 1H= 7.5 Hz, Ar), 4.54 (q, 2H), = 7.2 Hz,
J>= 7.2 Hz, -CH), 2.20 (s, 3H, -Ch), 1.39 (t, 3HJ = 7.2 Hz, -CH). *C NMR spectrum (75.4 MHz,
CDCls, 6, ppm): 162.21, 148.06, 145.35, 135.63, 132.98,1832131.72, 128.66, 125.27, 123.83,
122.58, 120.25, 118.92, 117.11, 114.25, 112.08,58B11108.26, 102.36, 100.73, 48.22, 22.82, 15.02.
IR (KBr), v, cm™ 3438 (C-H,), 2962, 2931 (C-khp), 1682 (C=Quinazolinon, 1607, 1519, 1484
(C=C,), 1271, 1188 (C-N), 1011, 989 (GH MS (APCI, 20 V), m/z: 433 ([M+H]).
5-(3,6-Di-tert-butyl-9H-car bazol-9-yl)-3-(9-ethyl-9H-car bazol -3-yl)-2-methylquinazolin-
4(3H)-one (1). The mixture of2a (0.5 g, 1.16 mmol), 3,6-dert-butyl-9H-carbazole a) (0.39 g,
1.39 mmol), Pd(OAg) (0.012 g, 0.058 mmol), ttert-butylphosphine solution (1.0 M in toluene)
(0.008 g, 0.038 mmol), potassiuert-butoxide (0.32 g, 2.89 mmol) and 25 ml of dry tote was
heated at 126C for 24 h under nitrogen. After cooling, the réactmixture was diluted with ethyl
acetate and the organic phase was washed with watkbrine. After being dried over Mg$@nd
filtered, the solvent was removed and the residas wurified by column chromatography using
hexane/toluene (1:3) as eluent to obtain amorpbongpoundl (yield: 0.46 g, 64 %)H NMR (300
MHz, CDCk, 8, ppm): 8.54 (d, 1HJ = 2.3 Hz, Ar), 8.17 (d, 2H] = 1.4 Hz, Ar), 8.10 (d, 1H] = 7.7
Hz, Ar), 8.03 (dd, 2HJ, = 7.7 Hz,J, = 2.4 Hz, Ar), 7.99 (d, 1H] = 2.4 Hz, Ar), 7.94 (d, 1H] = 8.6
Hz, Ar), 7.61 (d, 1H,) = 8.6 Hz, Ar), 7.56 (dd, 1H}, = 8.2 Hz,J, = 1.1 Hz, Ar), 7.49 (dd, 2Hl, =
7.7 Hz,J, = 1.4 Hz, Ar), 7.45 (dd, 2H}, = 7.7 Hz,J, = 1.4 Hz, Ar), 7.39 (dd, 1H];, = 8.6 Hz,J, =
2.1 Hz, Ar), 7.32-7.29 (m, 1H, Ar), 4.52-4.41 (nH,2-CH,), 2.39 (s, 3H, -Ch), 1.52 (t,J = 7.2 Hz,
3H, -CH), 1.45 (s, 18H, 2xC(Chk). **C NMR spectrum (75.4 MHz, CDgIs, ppm): 162.6, 155.7,
146.1, 143.3, 140.7, 139.8, 139.0, 136.6, 132.8,612426.5, 124.9, 124.3, 124.2, 123.9, 123.8,3,.22.
122.2, 120.8, 119.9, 119.4, 116.3, 109.7, 109.8,61(84.7, 32.0, 26.9, 24.7, 13.9. IR (KBr),cm™:

3031 (C-Hy), 2925, 2832 (C-kpn), 1670 (C=Quinazolinong, 1603, 1502, 1478 (C=§, 1249, 1188 (C-



N), 1022, 819, 738 (C§). Anal. Calc. for GzH,2N,O: C, 81.87; H, 6.71; N, 8.88; O, 2.54%. Found:
C, 81.90; H 6.65; N, 8.93%. MS (APCRO V), m/z: 631 ([M+H]).

5-(Bis(4-tert-butyldiphenyl)amino)-3-(9-ethyl-9H-car bazol -3-yl)-2-methylquinazolin-4(3H)-
one (2) was synthesized by the similar procedure as comgp@u The mixture of2a (0.5 g, 1.16
mmol), 4,4'-ditert-butyl-diphenylamine (0.39 g, 1.39 mmol), Pd(OA{).012 g, 0.058 mmol), tri-
tert-butylphosphine solution (1.0 M in toluene) (0.0§)80.038 mmol), potassiutert-butoxide (0.32
g, 2.89 mmol) and 25 ml of dry toluene was usedtha synthesis. The product was purified by
column chromatography using hexane/toluene (1/3lasnt followed by recrystallization from the
eluent mixture of solvents to obtain white crystafs2 (yield: 0.49 g, 67%), m.p. 292-29€. 'H
NMR (300 MHz, CDC}, 8, ppm): 8.06 (d, 1HJ) = 7.8 Hz, Ar), 7.97 (d, 1H] = 1.7 Hz, Ar), 7.89 (d,
1H,J = 2.4 Hz, Ar), 7.57-7.46 (m, 7H, Ar), 7.28-7.31,(4H, Ar), 7.08 (d, 4H) = 8.5 Hz, Ar), 4.52-
4.37 (m, 2H, -CH), 2.28 (s, 3H, -CH), 1.50 (d, 3H,) = 7.2 Hz, -CH)), 1.32 (s, 18H, -CH. *°*C NMR
spectrum (75.4 MHz, CDgJl 6, ppm): 163.3, 152.9, 146.9, 146.39 (s), 144.5,.34240.5, 139.6,
129.6, 129.1, 127.5, 126.3, 124.9, 124.3, 123.2,414221.7, 120.7, 119.9, 119.3, 117.8, 109.4,8.08.
53.4, 37.8, 34.3, 31.4, 24.4, 13.9. IR (KBv), cm’: 2996 (C-H,), 2916, 2816 (C-kky), 1665
(C=Oquinazolinond, 1589, 1489, 1476 (C=§, 1242, 1192 (C-N), 1018, 813, 731 (HANal. Calc. for
C43Ha4N40: C, 81.61; H, 7.01; N, 8.85; O, 2.53%. Found8C.28; H 7.33; N, 8.87%. MS (APCI20
V), m/z: 634 ([M+H]).

5-(Bis(4-methoxyphenyl)amino)-3-(9-ethyl-9H-car bazol-3-yl)-2-methylquinazolin-4(3H)-one
(3) was synthesized by the similar procedure as congauihe mixture of2a (0.5 g, 1.16 mmol),
4,4'-dimethoxydiphenylamine (0.32 g, 1.39 mmol), (®Ac), (0.012 g, 0.058 mmol), ttert-
butylphosphine solution (1.0 M in toluene) (0.0080¢038 mmol), potassiurert-butoxide (0.32 g,
2.89 mmol) in 25 ml of dry toluene was used for $iyathesis. The product was purified by column
chromatography using hexane/toluene (1/2) as efoatved by recrystallization from the mixture of
solvents of the eluent to obtain white crystalSdfield: 0.41 g, 61%), m.p. 238-23€. 'H NMR

(300 MHz, CDC}4, 5, ppm): 8.06 (d, 1H] = 7.8 Hz, Ar), 7.96 (d, 1H] = 1.8 Hz, Ar), 7.74 (d, 1H] =



2.7 Hz, Ar), 7.53-7.49 (m, 3H, Ar), 7.48 (d, 181= 8.1 Hz, Ar), 7.42 (dd, 1H], = 8.9 Hz,J, = 2.7
Hz, Ar), 7.11-7.07 (m, 5H, Ar), 6.86-7.79 (m, 5Hr)A4.51-4.37 (m, 2H, -C§), 3.81 (s, 6H, -OCH),
2.27 (s, 3H, -Ch), 1.51 (t, 3H,J = 7.2 Hz, -CH). *C NMR spectrum (75.4 MHz, CD&I5, ppm):
163.3, 156.2, 152.8, 147.6, 141.6, 140.3, 139.9,412429.3, 127.9, 127.6, 126.7, 126.4, 125.2,9,23.
122.6, 121.8, 120.7, 119.9, 119.5, 115.5, 114.9,41A.08.9, 68.0, 55.5, 25.6, 13.9. IR (KBr,)pm‘l:
3085 (C-Hy), 2931, 2833 (C-kkpn), 1676 (C=Quinazolinong, 1602, 1506, 1483 (C=§, 1241, 1197 (C-
N), 1032, 828, 747 (C4. Anal. Calc. for G;H3.N4O3: C, 76.53; H, 5.55; N, 9.65; O, 8.27%. Found:
C, 76.48; H 5.53; N, 9.71%. MS (APCRO V), m/z: 581 ([M+H]).

3-(9-Ethyl-9H-car bazol-3-yl)-5-((E)-2-(9-ethyl-9H-car bazol-3-yl)ethenyl)-2-
methylquinazolin-4(3H)-one (4). The reaction mixture consisting 24 (0.5 g, 1.16 mmol), 9-ethyl-
3-vinyl-9H-carbazole 3c) (0.31 g, 1.39 mmol), Pd(OAcj0.017 g, 0.077 mmol), B{olyl)3 (0.018 g,
0.057 mmol), DMF (10 mL), and triethylamine (3 mlyas placed into the flask which was
preliminarily degassed and purged with nitrogene Tifixture was heated at 90 for 24 h under N
Then, it was filtered, and the filtrate was pouredo distilled water and extracted with
dichloromethane. The organic layer was dried withyalrous magnesium sulfate and concentrated by
vacuum evaporation. The crude product was purifiesgd column chromatography using
hexane/toluene (1/1) as eluent followed by rectlygstdion from the eluent mixture of solvents to
obtain white crystals of (yield: 0.31 g, 47%), m.p. 267-268.*H NMR (300 MHz, CDC}, 8, ppm):
8.43 (d, 1H,J = 2.0 Hz, Ar), 8.30 (d, 1H] = 1.4 Hz, Ar), 8.17 (d, 1H] = 7.7 Hz, Ar), 8.12-8.02 (m,
3H, Ar), 7.74 (dd, 2H)); = 8.5 Hz,J, = 2.4 Hz, Ar), 7.63-7.58 (m, 1H, Ar), 7.57-7.53,(&H, Ar),
7.52-7.47 (m, 3H, Ar), 7.47-7.42 (m, 3H, Ar), 7.81d, 1H,J; = 8.6 Hz,J, = 2.1 Hz, Ar), 7.31-7.25
(m, 1H,Ar), 4.50-4.37 (m, 4H, -C}J, 2.34 (s, 3H, -Ch), 1.55 (s, 3H, -Ch), 1.42 (s, 3H, -Ch). 1°C
NMR spectrum (75.4 MHz, CDg,|5, ppm): 163.6, 154.8, 147.0, 140.5, 140.5, 13939, 1, 131.9,
130.9, 128.9, 128.1, 127.1, 126.5, 126.5, 125.8,9124124.8, 122.9, 120.8, 120.5, 119.9, 119.4,a,19.
109.6, 108.8, 37.7, 24.7, 13.9. IR (KBn), cm: 3012 (C-H,), 2922, 2815 (C-kpn), 1667

(C=Oquinazoiinond, 1603, 1511, 1481 (C=g, 1243, 1172 (C-N), 958r@ns, -CH=CH), 818, 736 (CH).



Anal. Calc. for GgH3:N,O: C, 81.79; H, 5.63; N, 9.78; O, 2.79%. Found8C.71; H 5.62; N, 9.82%.
MS (APCI, 20 V), m/z: 573 ([M+H]).

3-(9-Ethyl-9H-car bazol-3-yl)-2-methyl-5-(9-methyl-9H-car bazol -3-yl)quinazolin-4(3H)-one
(5). The mixture of2a (0.5 g, 1.16 mmol), 2N-methylcarbazol-3-yl)-4,4,5,5-tetramethyl-[1,3,2]-
dioxaborolane3b) (0.4 g, 1.37 mmol), Pd(PBkCI, (0.03 g, 0.046 mmol), and Na0O;(1,6 g, 11.57
mmol) in 20 mL of THF/water (19/1 v/v) was degasseth nitrogenfor 3-5 min. Then the reaction
mixture was stirred at reflux under nitrogen fort24After recooling, water (50 ml) was added arel th
mixture was extracted with GBI, (3x50 ml). The combined organic phase was wash#édwater
(50 ml) and brine solution (50 ml), dried over adious NaSQO,, filtered and the solvent was
removed to dryness. Purification by column chromgeaphy over silica gel eluting with the mixture
of chloroform and hexane (3:1) followed by recrilggation from the mixture of solvents of the
eluent enabled to obtain white crystals50{0.32 g, 51%). M.p. 257-25%; '"H NMR (300 MHz,
CDClg, 6, ppm): 8.64 (s, 1H, Ar), 8.47 (s, 1H, Ar), 8.38@.(m, 2H, Ar), 8.18 (d, 1H) = 7.8 Hz,
Ar), 7.91 (d, 1H,J = 8.6 Hz, Ar), 7.82 (dd, 2H],= 8.6 Hz,J, =3.8 Hz, Ar), 7.72-7.68 (m, 2H, Ar),
7.63 (d, 1HJ = 8.6 Hz, Ar), 7.52-7.47 (m, 3H, Ar), 7.25-7.18,(8H, Ar), 4.59-4.48 (m, 2H, -CH
3.93 (s, 3H, -NCh), 2.24 (s, 3H, -CH), 1.40 (t, 3H,J = 7.1 Hz, -CH). *C NMR spectrum (75.4
MHz, CDCk, o, ppm): 158.2, 148.6, 146.8, 144.5, 135.8, 13533.4, 133.3, 131.6, 131.2, 131.1,
130.7, 126.4, 124.8, 123.6, 123.2, 122.1, 121.7,214221.0, 120.6, 119.7, 119.5, 118.8, 114.4,6,13.
112.3, 111.4, 111.1, 110.9, 108.4, 107.6, 49.%,42.1, 14.3. IR (KBr)y, cm’: 3035 (C-H,), 2929,
2834 (C-Hyipn), 1672 (C=Quinazolinond, 1605, 1509, 1481 (C=g, 1253, 1182 (C-N), 1025, 821, 742
(CHa). Anal. Calc. for GgH2sN4O: C, 81.18; H, 5.30; N, 10.52; O, 3.00%. Found8C14; H 5.32;

N, 10.57%. MS (APCl 20 V), m/z: 533 ([M+H]).

3. RESULTSAND DISCUSSION
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3.1. Synthesis and characterization

Scheme 1 shows synthetic routes to carbazolyl-gutest quinazalinones having different donor
substituents at C-5 position of quinazolinone moie€Commercially available 2-acetamido-5-
bromobenzoic acid 1) was condensed with 3-amino-9-ethyl-carbazoli) (in refluxing
POCU/toluene to obtain bromo quinazolinoBa. Compoundsl, 2 and3 were synthesized by one-
step method i.e. by the Pd-catalyzed Buchwald-Hgrtevoss-coupling reaction [24] between 5-
bromo-3-(9-ethyl-®i-carbazol-3-yl)-2-methylquinazolin-4(B-one @a) and 3,6-ditert-butyl-9H-
carbazole 3a), 4,4’ -ditert-butyl-diphenylamine or 4,4’-dimethoxydiphenylamir@ompoundd4 was
synthesized by Heck reaction @a with 9-ethyl-3-vinyl-H-carbazole 3c) in the presence of
palladium(ll) acetate and ta-tolylphosphine. Compoun8l was obtained via Suzuki cross-coupling
reaction of2a with 2-(N-methylcarbazol-3-yl)-4,4,5,5-tetramethyl-[1,3,2pxlaborolane 3b). The
synthesized compounds were purified by column cltography and recrystallization. The vyields
ranged from 42 to 64%. The chemical structures weergirmed by IR-*H NMR, *C NMR and
mass spectrometries as well as by elemental asaly$ie obtained compounds exhibited good

solubility in common organic solvents such as diatvnethane, chloroform, chlorobenzene, toluene.

11



\ O%Y

6%
2% O

O Y

'BuCl, AICI5,
DCM,R.T, 24 h
Pd(OAc),, P(o-tolyl)s,

H t-BuOK, Tol, 90 °C, 24 h

C

POCIleoluene
Reflux

DY
NH
Qiro
Br
1a ©

Ty

K2CO3, Ho0,

3b 80 °C, 24h

{ﬁ%‘

THF, PACl,(PPhs),,

Pd(OAC),, P(o-tolyl)z,
DMF, TEA,
90°C,24h

Methyltriphenylphosphonium
hromlde t-BuOK

(

THF, R.T., 12h

CHO
CzCHO

Scheme 1. Synthetic routes ta-5.

3.2. Geometries and molecular orbitals

Carbazolyl-substituted quinazolinone$ were studied using quantum chemical calculatiohg T

optimized geometries and frontier orbitals of teelated molecules are presented in Fig 1. In these

compounds carbazole attached at N atom of quireaudi form torsion angle of 87-93° with central

fragment. In the case of moleculés4 and5, the size of torsion angles between the planahef

second carbazole and quinazolinone moieties aferelift. Carbazole with central fragment show

torsion angles of 53° and 37° inand5, respectively, while compountihaving ethenyl-containing

linkage demonstrate flat configuration. The torsagles between phenyl rings and quinazolinone

moiety in the structures & and3 are in the range of 40-48°. The determined geoesetif 1-5 lead

to the HOMO distribution on the quinazolinone mypi@ind the different donor substituents. The
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electron density of LUMO 12, 3 and5 is predominantly localized on the ethyl-carbaaai, while
in 1 electron cloud is shifted to the quinazolinone etyi Only compound has the similar LUMO
distribution as that of HOMO i.e. the LUMO is lozad on the quinazolinone moiety extending on

the conjugated double bond linkage and ethyl-carleaz

<Insert Figure 1>

3.3. Thermal properties

The thermal stabilities of the compounds were estioh by TGA under a nitrogen atmosphere.
The 5% weight loss temperaturesidlse) of 1-5 aresummarized infable 1. TGA curves are shown

in the Supporting Information (Fig. S1, SI).

<Insert Table 1>

Tqec-5%0f the compounds were found to be rather highranged from 418 to 43%C. 4,4'-Di-
tert-butyl-diphenylamino- and 4,4’-di-methoxydiphenyl@o-substituted compound® and 3
exhibited higher thermal stability than 3,6tdit-butylcarbazolyl-substituted quinazolinonk
Compound 4 having 9-ethyl-3-vinylcarbazyl substituent show#ae lowest 5% weight loss
temperature.

Quinazolinoned-5 were isolated after the synthesis as the cryseéabubstances. However, they
could be transformed into molecular glasses byiegdheir melts as it was confirmed by DSC. DSC

thermograms of compourare shown in Fig. 2.

<Insert Figure 2>
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When the sample d? was heated during DSC experiment the endothermlingesignal was
observed at 297C. The cooling scan did not show any signal of tatfigation. The following heating
scan revealed only the glass transition at 64 The similar behavior in DSC experiments was
observed forcompoundsl, 3-5. In the first heating scans compourids3-5 showed endothermic
melting signals at 224, 242, 269 and & respectively. In the repeated heating scansethes
compounds showed only glass transitions at 132, 186 and 158C, respectively. High Jvalues of
compoundsl-5 allow to predict high morphological stability oheir molecular glasses. Tof
compounds4 and 5 having 9-ethyl-3-ethenylcarbazolyl andN-methylcarbazolyl substituents,
respectively, was found to be higher by 25 and°@7than that of compound with 3,6-ditert-
butylcarbazolyl donor substituent. Apparentiert-butyl groups present in compourid ensure
plasticizing effect of its glass.q1of compound? containingtert-butyl groups at the 4,4’-positions of
the diphenylamino moiety was found to be higher80}C than that of compound with methoxy
groups at the 4,4’-positions of the diphenylaminoiety. This observation can apparently be
explained by the higher molar mass of compo@navhich results in the stronger intermolecular

interaction in the glassy state.

3.4. Optical and photophysical properties

UV absorption and fluorescence (FL) spectra oftdillHF solutions ofl-5 are shown in Fig. 3.

The wavelengths of low-energy absorption and ewmssiaxima of the solutions and the solid films,

Stokes shifts are summarized in Table 2. The TDB&[Eulations in gas phase were performed to

identify low-energy transitions in the absorptigestra of compounds5 (Table S1).

<Insert Table 2>

<Insert Figure 3>
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The profiles of absorption spectra of compoutes were found to be similar. The theoretical
absorption spectra (Fig. S2) indicate that low gnexcitations (-5, SS—S) of 1, 2, 3 and5 have
charge transfer (CT) character. These excitatiores raainly contributed by the transitions
HOMO—LUMO, LUMO+1, LUMO+2. In the case of compourti $—S; corresponds to the
transition in the same 9-ethyl-3-ethenylcarbazadyld quinazolinone moieties. This transition
characterizes the lowest energy absorption band which is red-shifted in respect to those of
compoundsl-3 and 5 (Fig. 3a). The results obtained show that compofirftas more extended

conjugatedr-electron system due to the presence of etherkédje.

From the spectroscopic absorption eddEéQE( nm), the optical band gapEgpt) values were

opt
estimated according to the formufis =1240/x,, [25], and were found to range in the order: 5 >

2 >3 >4 (Table 4). FL spectra of the dilute solutionsleb are characterized the single peaks with
the intensity maxima in the range of 403-483 nng. Bic displays fluorescence decay curves of the
dilute THF solutions of the studied compounds rdedr at the fluorescence band maxima. The
fluorescence transients of the dilute THF solutiohshe compounds can be well described by the
single exponential functions with the lifetimeg ¢anging from 0.91 to 6.47 ns (Table 3). Both
bathochromic shift of FL spectrum and longer lifeti observed for compourddcan be explained by
more twisted molecular structure in the excitedestaompared with those observed for the other
compounds. The shortest(0.91 ns) obtained for compourdthat was characterized by higher
fluorescence quantum vyielddbf) (Table 2) can apparently be explained by enhancetéctron
delocalization due to more planar molecular stnectaf 4 (dihedral angle between the quinazolinone

and 9-ethyl-3-vinylcarbazolyl moieties of, Fig. 1).

<Insert Figure 4>
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Fig. 4 shows the normalized absorption and emisspactra of the solid films of compountts.
The absorption spectra are slightly red-shiftedcampared with the corresponding spectra of the
dilute solutions. This observation can be explaibgdthe intermolecular interaction, which takes
place in the films [26]. The emission maxima of oéid samples of-5 were found to be in the range

from 411 to 485 nm with the excitation wavelengti350 nm.

<Insert Table 3>

The FL spectrum of the solid layer bivas very similar to these recorded for dilute T$dfution
of 1; while the FL spectra of the solid layers4eb were found to be slightly red-shifted compared to
FL spectra of the solutions of the compounds applrelue to intermolecular interactions (Fig. 3b
and 4b). FL spectra of the solid samples of moshefcompounds, except that of compobnaere
similar to those of dilute solutions, which impli¢gde low probability of the formation of excited
dimers of compounds in the solid state. FI spectofithe solid film of compoun8@ had a shoulder at
ca. 490 nm (Fig. 4b) which can be assigned to the &bion partially overlapped excimers.

PL decay transients for the solid layers of compisun5 were also recorded (Fig. S3). Double-
exponential fits were used for the statistical espntation of the decay curveg yalues were not
higher than 1.3)The lifetimes with the different fractional intetnss are summarized in Table 3. The
lifetimes of the first (fast) time decay componewtsre found to be lower than those recorded for
dilute THF solutions ol-5 (Table 3). The different values of dielectric camgtof both the media and
the intermolecular interactions in the solid stzteld be the reasons of this observation. The llenge
lived decay components observed for compoulriscan probably be associated with the formation
of the intermolecular excimers in the layers. Tdssumption is supported by the observation that the
solid-state PL spectra of compourids are broader than those of THF solutions. The sihte PL

spectrum ob even contains shoulder (Fig. 4b) [27]. In additithe slow decay components could be
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explained by the excitation migration towards tlom-nadiative decay sites and/or by the crystalline
aggregate formation in the neat films [28].

The Stokes shifts recorded for the dilute THF sohg of compound4-5 ranged from 48 to 134
nm, while those observed for the solid flms wenailarly in the range of 46-113 nm. The highest
Stokes shift of the dilute solution 8fcan apparently be explained by the most consiteedifierence
of the conformations of the ground and excitedestalhe small Stokes shifts observed both for the
dilute solution and for the solid sample #fprovides the information on the small changes in
geometry after excitation.

Compoundsl-3 and 5 due to their non-planar structure, apparently,itetdd photoinduced
charge transfer (CT) character in excited staterdfore, the dilute THF solutions and solid filnfs o
these compounds suffered from CT caused fluorescgnenching [29]. The solutions of compounds
1-3 and 5, showed rather low values dfr ranging from 5.8 to 12.2% (Table 2). Even lowigr
ranging from 0.4 to 1.7% were recorded for the emseéd state due to aggregation induced
guenching. Compound having rigid structure demonstrated relativelyhhituorescence quantum
yield (44.3%) in dilute solution. However, tlen stacking interactions of planamolecules o# in
the solid state induced non-radiative energy temsésulting in self-quenching of fluorescence][30
®r of the solid sample of was found to be 1.1%.

The rigid structure of compourlbrought about relatively high fluorescence quanyuetd (®r)
of 44.3% for the dilute solution of the compound.

The photoluminescence (PL) and phosphorescence gfftdgtra of the dilute solutions of the
studied compounds in THF recorded at liquid nitroggmperature (77 K) are presented in Fig. 5. The
substitution mode was found to have influence an ghosphorescence spectra and triplet-energy
levels (E) of compoundsl-5. Intense triplet emission was observed at low &nampires for
compounds 1-3 and 5 with 4,4’-ditert-butyl-diphenyl, 3,6-dtert-butylcarbazolyl and N-
methylcarbazolyl substituents, respectively (Fig. Bowever, the intensity of phosphorescence

emission for compound was very low displaying extremely low quantum gielf phosphorescence
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of the compound. For this reason it was imposstbleecord phosphorescence spectrum of the
solution of4 at the used gate (> 50 ms). The singlet- and trgitergy levels (& and E4) were
determined from the onsets of the fluorescencepdmudphorescence spectra, respectively (Table 4,

Fig. 5).

<Insert Figure 5>

<Insert Table 4>

3.5. Electrochemical and electron photoemission properties

In order to investigate the electrochemical prapsrof the moleculesl{5), CV measurements
were performed at 2% for DCM solutions. The CV profiles of compouddare shown in Fig. 6 as

an example. The electrochemical potentials andggrievels are summarized in Table 5.

<Insert Figure 6>

<|nsert Table 5>

As shown in Fig. 6a, compound exhibited two quasi-reversible oxidation procesdde
reduction waves were detected. The first oxidapieak corresponds to the removal of electrons from
the carbazolyl group, resulting in radical catiorSompound 4 is very sensitive towards
electrochemical oxidation due to the electron-aakl highly activated 3,3’-positions of two carbazol
moieties. Their repeated CV scans display an istmgachange in the CV traces, proving that a series
of electro-polymerization reactions [31] of the icadl cation species take place on the glassy carbon

electrode surface in the potential range 0-1.4 We Bimilar quasi-reversible oxidation processes,
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electrochemical polymerization and the film formation the electrode surface were observed for the
CVs profiles of2-5 (Fig. S4). It is worth of noting that the firstidation peaks o2, 3 and4 occured
at a lower potentials than that &f 5 (Table 5). This observation is in agreement with thv
spectrometry data. The low-energy absorption barids 3 and4 appeared at lower energies than
those ofl and5.

DPV spectra (Fig. 6b) of compoundss show absolute peaks of oxidation processes. The fi
oxidation potential peaks of carbazolyl-substituggghazolinoned (1.02 V),4 (0.69 V) ands (0.76
V) are at a higher potentials than those of 4,4edibutyl-diphenylamino- or 4,4’-di-
methoxyphenylamino-substituted quinazolino8€6.64 V) and3 (0.53 V).

Although other approaches were used to calcul@eadhd state ionization potential @) based
on electrochemical data [32], the conversion regablty the Forrest group [33] has a better coralati
between electrochemical data and ionization paikrand afforded a better fit between optical

bandgap. According to the method reported by Foetal [33], IRy value is calculated using the

equation IRy = |-(1.4><1e>!Eonset vs Fc/V) — 4.6] eV. The electron affinity (&4 was obtained from

opt

the equation: EA, = —(|IPC\,|—Eg ). The values of EA, were found to range from -2.24 to -1.68 eV.
The values of IR, are given in Table 5. They ranged from 5.03 e\V3ftr 5.43 eV forl.
lonization potentials (IFY) of the solid layers of compounds5 were estimated by photoelectron

emission spectroscopy. Photoelectron emission ispace shown in Fig. 7.
<Insert Figure 7>
The intersection points of the linear parts of gtoelectron spectra drawn with the abscissa

axis gave the ionization potential valueszplRalues of derivatived-5 ranged from 5.35 to 5.66 eV

(Table 5). While the I values are slightly larger than the correspondings obtained by CV
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(IPcv), both methods indicate the same tendencies. Zalgbasubstituted quinazolinonds 4 and5

exhibited a little higher ionization potentials thdiphenylamino-substituted compouritiand3.

3.6. Charge-transporting properties and performance in phosphorescent OLED

Time of flight measurements were used for the edion of charge-transporting properties of
compoundsl-5. Fig. 8a displays the electric field dependencksole mobilities for the layers of
these compounds. The hole mobility valued-&fwere in the range betweenl8nd 10° cné/V's at
high electric fields. The best charge transporpprties were observed for the layer of compo2nidl
showed hole drift mobility of 1.1x1D cnf/Vs at an electric field of 8.1x30Vv/cm. The hole
mobilities for all the studied compounds were sigtgndependent upon electric field. The
photocurrent profiles of hole carrier transport 2oshowed a low-dispersive behavior with a plateau
and subsequent drop (Fig. 8b). A dispersive belavas found for the photocurrent profiles of hole
transport forl, 3-5. These results indicate that hole transport istéidnby bulk trapping fod, 3-5,

whereas the hole transport is less influenced isyetifiect for2.

<Insert Figure 8>

Compound?2, which showed relatively high triplet level andldénaransport with the low-
dispersity, was tested as a host in green (devicaml blue (device B) phosphorescent OLEDs.
Simple OLED structures were chosen utilizing 4,4tds[phenyl(m-tolyl)amino]triphenylamine r+
MTDATA) and 4,7-diphenyl-1,10-phenanthroline (Bphdor the hole- and electron-injecting layers,
respectively (Fig. S5). Tris[2-phenylpyridinato-Gfridium(lll)  (Ir(ppy)s) and bis[2-(4,6-
difluorophenyl) pyridinato-C2,N](picolinato)iridiuhl) (Firpic) were exploited as green and blue

dopants in the fabricated phosphorescent OLEDpentisely (Fig. S5).
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Electroluminescence (EL) spectra of the devicesié B are shown in Fig. 9a. EL spectra of the
device A recorded at the different applied voltages characterized by green emission with the
intensity maximum ata. 516 nm, confirming the radiative recombinationextcitons on Ir(ppy)
[34]. The green device A demonstrated the relatil@lv value of the turn-on voltage o&. 3.0 V as
well as the relatively high values of maximum powead external quantum (EQE) efficiencies of ca.
23.2 Im/W and 7.1%, respectively (Fig. 9c,d). Bamission with the intensity maxima@t. 478 nm
of the device B at the different applied voltageswbserved. The EL spectra of device B were much
broader compared to the Flrpic emission showing tha radiative recombination of excitons
occurred on both Firpic and ha&{35]. It is understandable since HOMO of Flrpicnisich lower
compared to HOMO of ho& providing the energy barer for holes (Fig. 9)erefore, the radiative
recombination on ho& was also possible affecting not only EL spectraabso output characteristics
of device B (Fig. 9c¢,d). In addition, low perforntanof device B can be explained by the usage of
hole- and electron-transporting layers with lovplet energy levels of 2.67 eV forMTDATA and
2.5 eV for Bphen as compared to 2.7 eV for Flrpsutting in inefficient triplet exciton harvestibg
the blue phosphorescent emitter. Therefore, thectstre of device B was modified by adding the
layer of 4,4-cyclohexylidenebis[N,N-bis(4-methylphenyl)benzemaeh (TAPC) with triplet energy
of 2.87 eV as the hole-transporting and excitorckilng layer and the layer of diphenyl-4-
triphenylsilylphenyl-phosphineoxide (TSPO1) withiptet energy of 3.36 eV as hole-blocking,
electron-transporting and exciton-blocking layer,2’.2"-(1,3,5-Benzinetriyl)-tris(1-phenyl-H-
benzimidazole) (TPBi) was employed for the prepanadf electron-transporting (ET) layer (Fig. S5).
Practically, new device C was fabricated with thalofving structure ITOQRMTDATA(30
nm)/TAPC(8 nm)2:Flrpic(30 nm)/TSPO1(8 nm)/TPBIi(30)/Ca:Al. The egyerenergy diagram of
device C is present in Fig. 9b. The characteristfatevice C were better than those of device B.(Fi
9c,d) but “white” EL of device C was far from bl@eission of Flrpic (Fig. 9a). The high-energy
band of EL spectrum of device C was sufficientinisar to that of device B and it can be explained

by the same reasons. Low-energy band with the maximt 588 nm can be attributed to electroplex
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of TAPC as this band is not observed neither irspéctra of pure materials used in the device or in
the spectra of their solid-state mixtures. Thusnpound 2 is not exciplex-forming material as, for
example, 3-(2,7-dicyanocarbazol-9-yl)-9-ethylcadlaz [36]. The similar band was previously
observed in EL spectra of TAPC-based OLEDs [37Hémice D, TAPC was replaced by the layer of
compound2. EL spectrum of devcice D practically originatesnii Flrpic emitter. This device
exhibits higher performance than devices B andi§. @. The blue device D is characterized by the
turn-on voltage ofca. 5.1 V, maximum power efficiency of ca. 11 Im/W asgternal quantum
efficiency (EQE) of ca. 6.9% (Fig. 9c,d). The claaeaistics of the fabricated and characterized
OLEDs show that quinazolinone-based compo@ndith relatively high triplet level and hole-
transporting property can be used for the fabwecatelectroluminescent devices. The similar
behaviours were observed for the quinazolinonedasepoundd, 3-5 which were studied in the
structures of devices C and B replacing compo@nth the light-emitting layer. The data of

electroluminescence study of compoud3-5 are presented in the Sl (Fig. S6).

<Insert Figure 9>

4. CONCLUSIONS

Five quinazolinones with the different substitutipattern were synthesized and their thermal,
optical, photophysical, electrochemical, photoeleat, and electroluminescent properties were
investigated. All the synthesized compounds forrgidses with the glass transition temperatures
ranging from 97 to 159C. The 5% weight loss temperatures of the compowvete found to be
rather high and ranged from 397 to 481 The theoretical absorption spectra indicate lthatenergy
excitations ($—S;, S—S;) of the synthesized compounds have charge traok&acter. Only 3-(9-
ethyl-9H-carbazol-3-yl)-5-((E)-2-(9-ethyl49-carbazol-3-yl)ethenyl)-2-methylquinazolin-4(3H)en

has the similar LUMO distribution as that of HOM@.ithe LUMO is localized on the quinazolinone
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moiety extending on the conjugated double bondalyegkand ethyl-carbazole. Fluorescence quantum
yields of dilute THF solutions of the synthesizedtemials ranged from 7.8 to 44.3%. The highest
value of triplet-energy of 2.99 eV was found fo(%H6-ditert-butyl-9H-carbazol-9-yl)-3-(9-ethyl-9-
carbazol-3-yl)-2-methylquinazolin-4(3H)-one. DiluléHF solutions of the compounds exhibited a
single exponential fluorescence decays with lifesmmanging from 0.91 to 6.47 ns. The ionization
potentials of the films of the quinazolinone-badedvatives measured by the photoelectron emission
spectrometry ranged from 5.35 to 5.66 eV. The mtn potential values estimated by cyclic
voltammetryranged from 5.03 to 5.43 eV and electron affiniéyues ranged from -2.24 to -1.68 eV.
All the synthesized compounds were found to be ldapaf transporting holes. The layers of most of
the compounds showed dispersive hole transportevihdt of 5-(bis(4ert-butyldiphenyl)amino)-3-
(9-ethyl-H-carbazol-3-yl)-2-methylquinazolin-4(3H)-one wasaddcterized by low-dispersity hole
transport. Time-of-flight hole mobilities in theyker of this material reached 1.1%x1@nf/Vs at an
electric field of 8.1x1DV/cm at the room temperature. Utilizing this corapd as the host, green and
blue phosphorescent organic light emitting diodegh viurn-on voltage ofca. 3.0 and 5.1 V,
maximum power and external quantum efficienciexaf23.2 and 11 Im/W and 7.1 and 6.9%,

respectively were fabricated.
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Table 1. Thermal characteristics of quinazolinone derivegiix®.

Compound 3/°ct T,,/°CH T aec.50d°C2
1 132 224 426
2 154 297 434
3 146 242 432
4 157 269 418
5 159 260 437

™ T.n— melting temperature;;F glass transition temperature, scan rate 10 °G/Nymtmospherée?

Taec-59— 5% Weight loss temperatures, scan rate 20 °CMiafmosphere.

Table 2. Photophysical properties of the dilute THF solusi@md of the solid films of compounils

5.
Solution in THF Solid film

©

[

>

S [ Al / AP odd ) stokes shift /| ALY / AP @dd ) Stokes shift /

€

3 nm nm % nm nm nm % nm
1 342 415 5.8 73 350 411 1.7 61
2 347 446 6.1 99 351 464 1.2 71
3 349 483 7.8 134 372 485 0.6 113
4 383 431 44.3 48 391 438 1.1 46
5 347 403 12.2 56 355 410 0.4 65

@ peak wavelength of lowest energy absorption bafldsWavelength of fluorescence band

maximum . Fluorescence quantum vyield of solutiBhFluorescence quantum vyield of solid film.
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Table 3. Photoluminescence decay parameters9tompounds.

Solution in THF

Solid-state films

Compound
1 [ns] i 11 [NS] T2 [nS] '
1 3.54 1.077 3.14 (73%) 9.42 (27%) 1.269
2 4.10 1.101 3.87 (69%) 10.45 (31%) 1.298
3 6.47 1.217 3.69 (54%) 10.68 (46%) 1.200
4 0.91 1.069 0.61 (92%) 3.19 (8%) 1.005
5 3.58 1.128 0.83 (69%) 3.03 (31%) 1.088
Photoluminescence decays were recorder at the Rlnmamn.
Table 4. Excited states energies of compoufs
Energy (eV)
Compound
Es: (= AEst

1 3.36 2.99 0.37

2 3.05 2.67 0.38

3 291 2.53 0.38

4 3.14 - -

5 3.45 2.72 0.73
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Table 5. The values of oxidation potentials, optical barap genergies, ¥ IPcy, EAcy for

compoundd-5.

Compound o vs IPcy/eV?! EAcv/eVd EX Je\d] IPpe /eVi®!
Fo/vie

1 0.63 5.43 -1.89 3.54 5.66

2 0.33 5.13 -1.78 3.35 5.38

3 0.23 5.03 -1.68 3.35 5.35

4 0.39 5.19 -2.24 2.95 5.42

5 0.46 5.26 -1.83 3.43 5.58

OoX
@ Eonst s oxidation potential measured. ferrocene/ferroceniun® 1Pcy is ionization potential®

EAcv is electron affinity.! E® is the optical energy gaff! lonization potentials estimated by

photoelectron emission spectrometry.
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Table S1. Theoretical optical characteristics of compoubes

Excitation Transition
Compound| Transition £l
energy, nm configuration
S—S 365 0.0113 H-L (97%)
1
S—S 342 0.3633 HsL+2 (91%)
S—S 376 0.0233 HsL+1 (95%)
2 S—S 357 0.0060 H-L (97%)
S—Ss 346 0.6414 HsL+2 (96%)
S—S 390 0.0167 H>L+1 (95%)
3 S—S 373 0.0013 H-L (97%)
S—Ss 351 0.6282 H>L+2 (97%)
4 S—S 378 1.33 H-L (92%)
H—L+1 (26%)
S—S 328 0.0188
5 H—L+2 (58%)
S—S 323 0.4648 H>L+2 (66%)

A4 Oscillator strength.
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Carbazolyl-substituted quinazolinones as high-triplet-energy materials
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Dalius Gudeika, Dmytro Volyniuk, Viktorija Mimaitéoman Lytvyn, Rita
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Highlights

» Derivatives of carbazolyl-substituted quinazolinemeere synthesized.

» Their glass transition temperatures ranged frorto59°C.

« Hole mobilities values were up toi@n?/V-s at electric field of 8.1xfov/cm.

e Green and blue phosphorescent organic light emidindes showed efficiencies of

7.1 and 6.9%, respectively.



