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Abstract

Three new bipolar star-shaped derivatives of 2dphenyl-1,3,5-triazine containing carbazolyl
groups were designed, synthesized and characteAdldle materials possess high thermal stabdityg
high glass transition temperatures ranging 97-Z2&hotophysical study of the dilute solutions agdt
films of the synthesized compounds was performgupdrt-Mataga plots revealed linear dependence of
Stokes shifts on the orientation polarizability &rthe compounds. The dilute solutions of thazine
derivatives exhibited high photoluminescence quanyields reaching 0.85, while for the neat films
photoluminescence efficiency of 0.20-0.33 was olesgrionization potentials of the solid layers of
carbazole-triazine adducts estimated by photoeledpectroscopy were found to be in the range4$-5.
5.97 eV. Hole drift mobility of the materials welkceeded the magnitude of3ént V* s* at an electric
field of 6.410° V/cm. The selected compounds were tested asdigitting materials in organic light

emitting diodes based on host-guest systems.

Keywords
Triazine;

Carbazole;

i Corresponding author e-mail: juozas.grazulevicikis@t




Photoluminescence;
Solvatochromism:;

Hole mobility.

Highlights
» Three carbazolyl containing 1,3,5-triazine derivesi were synthesized.
* The compounds exhibited superior thermal charastiesi
» The solvatochromic behavior was demonstrated.
* High photoluminescence quantum yields were obseimesblutions and films.

* Blue and green OLEDs were fabricated.

1. Introduction

Organic conjugated materials have received gréantain in recent decades in optoelectronic and
electronic applications such as organic light—angttliodes (OLEDS), organic solar cells, organgtdi
effect transistors because of their potentially tmst and possibility of easy fabrication of theides [1-
4]. Recently, growing interest has been focusethersearch of the materials with bipolar
charge—transporting properties for the applicati®LEDs [5,6]. Using bipolar materials for the
preparation of emitting layers, enhanced perforraarand operational stability were demonstratedI[iig
utilization of bipolar materials also offers thesptbility to achieve efficient and stable singlerdaOLEDSs,
which are highly desirable because of simplificatod the manufacturing process and reduction of the
production costs [8].

The most widely adopted strategy to obtain bipoiaterials is to incorporate D—A combinations into
the same molecule, facilitating injection and tgaors of both holes and electrons [7,9,10]. Incogpion of
electron—donating and electron—-withdrawing moietnts a light—emitting material may promote the
emission efficiency because of an extengedonjugation. However, this might bring about adiug

bathochromic effect. Therefore, one of the maj@ileimges in developing bipolar blue emitters withAD



structures is preventing the red-shift in the ermrssvhile maintaining or even increasing their
photoluminescence quantum yield.

Compared to other donors, carbazole is usefulargdneration of short—-wavelength absorption and
emission, as it is weakerdonor than aromatic amines [11]. Bipolar hosthwdrbazole as the donor
moiety usually possess higher triplet energy tlnair tounterparts with triphenylamino group. Thplét
energy of carbazole (F 3.19 eV) is higher than that of triphenylamiiie € 3.04 eV) [12]. Moreover,
carbazole is a fully aromatic moiety providing hidggermal, chemical and environmental stability [18B]
can be easily substituted with a wide variety ofdtional groups [14-16].

Triazine has an electron affinity larger than thotether typical electron—deficient heteroaromatic
compounds (e.g., pyridine, pyrimidine) [17-19]. Dae&his reason, triazine has been frequently
incorporated into the backbone of conjugated comgsuo improve their electron—injection and
electron—transportation abilities [20—22]. In aduht derivatives of triazine exhibit good thermttslity
[19]. Rigid skeleton of 2,4,6-triphenyl-1,3,5-triae ensures high symmetry. Compounds containiagitre
unit as electron-accepting center and carbazolgighenylamino pheripheral units linked through
n—conjugated bridges showed aggregation inducedsenisind two-photon absorption properties [23].

In this paper we report on the synthesis of newstaped compounds containing both donor
(carbazole) and acceptor (2,4,6-triphenyl-1,3,&zire) moieties linked through various linking lges. We
describe the results of optical, photophysicalktetehemical and computational studies which wereied

out in order to study structure—properties relatlop of these hybrid materials.

2. Experimental

2.1. Materials

Trifluoromethanesulphonic acid, copper iodibes(triphenylphosphin)-palladium(ll) dichloride
(Pd(PPB).Cly), triphenylphosphine (PRh trimethylsilylacethylene, triethylamine @&tl),
tetrabutilammoniumhydrosulfate (TBAHS), 1-bromohegal M tetrabutylammoniumfluoride-8usNF)

solution in THF, 4-iodobenzonitrile, aluminium thioride (anhydrous), 18-crown-6, copper, sodium



sulphate, Bi-carbazole, potassium iodide, potassium iodatéil@-a-2-methylpropane, acetic acid, sodium
hydroxide, potassium carbonate were purchased &igma-Aldrich and used as received. Poly(N-vinyl
carbazole) (PVK) and 2-(4-tert-butylphenyl)-5-(4benylyl)-1,3,4-oxadiazole (PBD) were also obtained
from Aldrich. The solvents, i.e. toluene, chlorafgrethyl acetaten-hexane, diethyl ether, methanol,
acetone, acetonitrile, (Penta), dichloromethanelfPo-dichlorobenzene (Sigma-Aldrich) were dried and

distilled according the conventional procedureq.[24

2.2. Instrumentation

Nuclear magnetic resonance spectra of deuteratetbdrm solutions of the synthesized compounds
were recorded with a “Varian Gemini-2000” (300 MB), 75.4 MHz {C)) spectrometer. All the data
are given as chemical shiftsar(ppm), multiplicity, integration down field fronCHs)4Si as the internal
standard. Mass spectra (MS) were obtained on “Wa€2000”. Elemental analysis data were obtaimed o
a EuroEA Elemental Analyzer. Infrared (IR) speetexre recorded using “Perkin Elmer Spectrum GX I
FT-IR System”. The spectra of the solid compoundesawecorded in the form of KBr pellets.

UV-Vis spectra of 130 M solutions of the compounds were recorded intguzells using Perkin
Elmer Lambda 35 spectrometer. Photoluminescencegiictra of 18 M solutions of the compounds were
recorded using Edinburgh Instruments’ FLS980 Flsoeace Spectrometer. Thin solid films for recording
of UV-VIS and PL spectra were prepared by dropicgs2 mg/ml solutions of the compounds in toluene o
the pre—cleaned quartz substrates. Fluorescencgwmaields {) of the solutions and of the solid films
were estimated using the integrated sphere mei]dAn integrating sphere (Edinburgh Instruments)
coupled to the FLS980 spectrometer was calibraiddtwo standards: quinine sulfate in 0.1 M3, and
rhodamine 6G in ethanol. Each quantum yield measemé was repeated 5 times and the error corrider wa
estimated. Fluorescence decay curves of the samplesrecorded using a time—correlated single photo
counting technique utilizing the nF920 Nanosecoladlfamp as an excitation source. The phosphorescen
spectra were recorded at 77 K for the solid saohgtiof the compounds (1 wt %) in Zeonex polymer matr
using nanosecond gated luminescence measuremeams400 ps to 1 s) using a high energy pulsed
Nd:YAG laser emitting at 355 nm (EKSPLA). A modigjdid nitrogen cryostat (Janis Research) was used
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for the experiment. The blue-edge highest energk pethe phosphorescence spectrum was takendor th
TS transition.

Differential scanning calorimetry (DSC) measurersemére carried out with BA Instruments “DSC
Q100" calorimeter. The samples were heated atrarsta of 10 °C/min under nitrogen atmosphere.
Thermogravimetric analysis (TGA) was performed dMattler TGA/SDTA851e/LF/1100". The samples
were heated at a rate of 20 °C/min.

lonization potentialsIPE") of the films of the synthesized compounds werasueed by electron
photoemission in air by the earlier reported praced26]. The materials were dissolved in chlorof@nd
coated onto Al plates pre—coated with ~0.5 pm thekthylmethacrylate and methacrylic acid copolymer
(MKM) adhesive layer. The function of MKM layer wast only to improve adhesion, but also to elimenat
the electron photoemission from Al layer. In adufitithis layer is conductive enough to avoid charge
accumulation on it during the measurements. Thesoreanent method was, in principle, similar to that
described in literature [27]. The samples weremihated with monochromatic light from the quartz
monochromator. The negative voltage of -300 V wadiad to the sample substrate. The counter—eléetro
with a slit for illumination was placed at ~5 mnsw@ince from the sample surface. The counter—ebetro
was connected to the input of electrometer fopihetocurrent measurement. Tiié=f(hv) dependence
was plotted. The linear part of this dependenceexéteipolated to thiev axis and the value was determined
as the photon energy at the interception pointewduate the ionization potential measurement esor
0.03 eV.

Cyclic voltammetry (CV) measurements were carrietvath a glassy carbon working electrode in a
three—electrode cell usinguaAutolab Type 1l (EcoChemie, Netherlands) potesiia. Platinum wire and
Ag/AgNO;(0.01 mol/lin acetonitrile) were used as counter and referetexgrodes, respectively, and
BusNBFg in dichloromethane (0.1 M) was used as electroliie data were collected using GPES (General
Purpose Electrochemical System) software. Electnmital measurements were conducted at room
temperature at a potential rate of 100 mV/s. Thereace electrode was calibrated versus
ferrocene/ferrocenium redox couple. The solid stateation potential energypfv) was estimated from

the onset oxidation potential by using the reIeEth)'pIpCV = 4.8 + Ey, where the potential is related to that



of ferrocenium/ferrocend.he electron affinity EA” values were obtained from the reduction potential
using the approximatioEACV = 4.8 + Eeq.

Charge drift mobility measurements were performgd Berographic time-of-flight (XTOF) method
[28,29]. The samples for the charge mobility measwants were prepared as described earlier [30]. The
samples for the measurements were prepared by cleprg 10 mg/ml solutions of the compounds in
CHCIl; onto cleaned ITO coated glass substrafter casting the cells were heated at’@0for 5 minutes.
The charge carriers were generated at the lay&cguby illumination with pulses of nitrogen lagpulse
duration was 1 ns, wavelength 337 nm). After plextatation of the sample with a short light impuliges
rate of potential discharge in the XTOF measurembas a plateau region. The transit time was détetn
from the kink point in the transient photocurreatwes.The transit timé with the surface potentialg) at
the moment of illumination indicates the passagleabés through the entire thickness of the filitisalnd
enables determination of the hole mobilityasl¥/Uyt;. The experimental setup consists of a delay
generator Stanford Research DG 535 and a digaed@ oscilloscope Tektronix TDS754C.

The theoretical calculations were carried out usimgGaussian 09 quantum chemical package [31].
Full geometry optimizations of the compounds inrtkéectronic ground state were performed with DFT
using the B3LYP functional consisting of Becke’sein parameter hybrid exchange functional combined
with the Lee—Yang—Parr correlation functional wile 6-31G(d) basis set in vacuum. The energielseof t
highest occupied (HOMO) and the lowest unoccupli¢éMO) molecular orbitals were obtained from
single point calculations in the framework of DFBLEYP/6-311G(d,p) approach for the g, solution.
Absorption spectra were simulated from the osaitlatrengths of singlet transitions calculatedhsy TD-

DFT B3LYP/6-31G(d) method in vacuum.

2.3. Synthesis

2,4,6-Trisp-iodophenyl-)1,3,5-triazin€l) was prepared by the electrophilic cyclization rearcas
described in the literature [32]. 3,6-Brt-butylcarbazol€2) and 3tert-butylcarbazol€3) were obtained by

the Friedel-Crafts alkylation according to therkiteire source [33]. The usage of iodination metbiod



Tucker yielded 3-iodocarbazo(é) [34]. 3-lodo-9-hexylcarbazol), 3-(trimethylsilyl)ethynyl-9-
hexylcarbazol€6) and 3-ethynyl-9-hexylcarbazo(é) were synthesized according the reported procedures

[35].

2,4,6-Tris(4-(3tert-butyl-carbazol-9-yl)phenyl)-1,3,5-triazine(TR1)

2,4,6-Trisp-iodophenyl)1,3,5-triazin€l) (0.20 g, 0.29 mmol), Brt-buthylcarbazol€3) (0.39 g, 1.75
mmol) and 18-crown-6 (0.02 g, 0.03 mmol) were digsw in o-dichlorobenzene (10 mL) and the resulting
solution was heated to reflux under nitrogen atrhesp. Then, KCO; (0.41 g, 0.99 mmol) and Cu (0.11 g,
0.58 mmol) were added. After being stirred for 2AhC control), the reaction mixture was cooled doww
the room temperature and filtered. The residue veasfully washed with chloroform and the solvenswa
evaporated under vacuum. The product was purifiesilita gel column chromatography, using the nmgtu
of hexane and dichloromethane in the volume ratid:d as an eluent, and recrystallized from thesefu
mixture of solvents to afford the yellowish cryst40.24 g, 43% vyield). m.p. = 346-348 (DSC 344C).

IR (KBr), viemit: 3042, 2955, 2901, 2864, 1604, 1588, 1572, 1588711455, 1412, 1367, 1327, 1294,
1256, 1229, 1172, 1150, 1015, 813, 767, 744, 736, 617.*H NMR (300 MHz, CDC4, § ppm): 9.13 (d,
6H, J = 8.63 Hz, Ar); 8.25 (d, 3H] = 4.17 Hz, Ar); 8.24 (d, 3H] = 1.37 Hz, Ar); 7.92 (d, 6H] = 8.64 Hz,
Ar); 7.66 (d, 3H,J = 8.13 Hz, Ar); 7.60 (d, 6H] = 1.04 Hz, Ar); 7.50 (td, 3H] = 7.17 Hz,J = 1.17 Hz, Ar);
7.38 (td, 3H,J = 7.95 Hz,J = 0.86 Hz, Ar); 1.54 (s, 27H, GH. *C NMR (75.5 MHz, CDQ, 6 ppm):
171.4, 143.9, 142.4, 140.8, 138.7, 134.6, 130.8,71226.3, 124.4, 123.8, 120.6, 116.8, 110.2,71(8%.1,
32.2. Elemental analysis found: C, 85.18; H, 6.R0;8.62%; molecular formula ¢ggHsoNe requires: C,
85.15; H, 6.21; C, 8.63%. MS (APCI20 V), found: [M+H] m/z 974; molecular formula &HeNs

requires: M = 973.29 g/mol.

2,4,6-Tris(4-(3,6-ditert-butyl-carbazol-9-yl)phenyl)-1,3,5-triazine(TR2)



TR2 was prepared by the Ullmann coupling reaction fo@.38 g, 0.55 mmol) an?(0.93 g, 3.32
mmol) using the same procedure as for the syntloé3iR1. The product was purified by silica gel column
chromatography, using the mixture of hexane anhdloliomethane in the volume ratio of 6:1 as an dluen
and recrystallized from the eluent mixture of sakgeto afford the yellowish crystals (0.31 g, 49d).

m.p. = 451-453C (DSC 448C). IR (KBr), vicm*: 3048, 2960, 2903, 2866, 1604, 1590, 1570, 156891
1471, 1410, 1367, 1324, 1297, 1261, 1232, 1175),11835, 1016, 878, 841, 810, 618.NMR (300

MHz, CDCk,  ppm): 9.11 (d, 6HJ = 8.71 Hz, Ar); 8.21 (dd, 6H),= 1.64 Hz,J = 0.85 Hz, Ar); 7.89 (d,
6H,J = 8.72 Hz, Ar); 7.60 (d, 1Hl = 0.74 Hz, Ar); 7.57 (dd, 10H,= 1.86 Hz,J = 1.09 Hz, Ar); 7.53 (d,
1H,J = 1.75 Hz, Ar); 1.52 (s, 54H, GH. *C NMR (75.5 MHz, CDGJ, § ppm): 171.4, 143.7, 142.6, 140.7,
138.9, 134.38, 130.9, 126.5, 124.1, 124.0, 12A.6,61 109.7, 35.1, 32.3. Elemental analysis fohd:
85.21; H, 7.44; N, 7.35%; molecular formulg8s:Ne requires: C, 85.22; H, 7.42; N, 7.36%. MS (APCI

20 V), found: [M+H] m/z 1142; molecular formuladgHgiNe requires: M = 1141.61 g/mol.

2,4,6-Tris(4-((9-hexyl-carbazol-3-yl)ethynyl)pheny}1,3,5-triazine (TR3)

Compoundl (0.80 g, 1.16 mmol) was suspended ig\NE20 mL) in a dry 100 mL two—necked flask
and the resulting mixture was heated to reflux umiteogen atmosphere. Thans-(triphenylphosphin)-
palladium (1) dichloride (0.05 g, 0.07 mmol), Ci@.00 mg, 0.04 mmol) and 3-ethynyl-9-hexylcarbaZ@)e
(1.44 g, 5.24 mmol) were added. The reaction méxtuas stirred for 24 hours at 8. Then the solvent
was evaporated under vacuum and the residue wastd with chloroform. The organic phase was dried
over anhydrous N&Oy. After evaporation of the solvents under reducesgure the product was purified
by silica gel column chromatography, using the ometof hexane and chloroform in the volume rati®:af
as an eluent, and precipitated into methanol twraffhe yellowish solid (0.44 g, 34% yield). IR (KBmM
l): v = 3048, 2924, 2853, 2203, 1595, 1568, 1505, 12369, 1352, 1175, 1124, 813, 744, 726NMR
(300 MHz, CDC4,  ppm): 8.77 (d, 6H) = 8.53 Hz, Ar); 8.38 (d, 3H] = 1.35 Hz, Ar); 8.14 (d, 3H] =
7.55 Hz, Ar); 7.79 (d, 6H] = 8.55 Hz, Ar); 7.73 (dd, 3H),= 8.48 Hz,J = 1.56 Hz, Ar); 7.53 (t, 3H] =

7.04 Hz, Ar); 7.44 (d, 3H] = 8.20 Hz, Ar); 7.39 (d, 3H] = 8.62 Hz, Ar) 7.30 (t, 3H] = 7.02 Hz, Ar); 4.29



(t, 6H,J = 7.08 Hz, -N-CH): 1.89 (quin, 6H,) = 6.23 Hz, -Ch): 1.29-1.45 (m, 18H, -Ci): 0.92 (t, 9H,J
= 6.86 Hz, -CH). *C NMR (75.5 MHz, CDGJ, § ppm): 171.2, 141.1, 140.5, 135.4, 131.8, 129.9, 1,2
128.5, 126.4, 124.5, 123.1, 122.7, 120.8, 119.8,111.09.2, 109.0, 94.4 (=C-), 88.1 (-&C-), 43.4 (-N-
C-), 31.8, 29.2, 27.2, 22.8, 14.3. Elemental analggind: C, 86.14; H, 6.41; N, 7.45%; moleculanfala
Cs1H72Ng requires: C, 86.13; H, 6.43; N, 7.44%. MS (APQDO V), found: [M+H] m/z 1130; molecular

formula GiH7.Ng requires: M = 1129.52 g/mol.

2.4. Device fabrication

Electroluminescent devices were with the followaugfiguration were fabricated: ITO/ poly 3,4-
ethylenedioxythiophene:polystyrenesulfonate (PEDRESS)/PVK:PBD (40 wt %)TR2 (3 wt %)/LiF/Al
(device 1), ITO/PEDOT:PSS/PVK:PBD (40 wt 9%6R3(3 wt %)/LiF/Al (device 1I). PEDOT:PSS was used
for hole transport layer (HTLHg. S14. The ITO—coated— glass substrates were cleanediagahic
treatment in the de—ionized water, acetone andagpamol step by step during the 15 min for eachtswi.

The layer of PEDOT:PSS was obtained on the glasstisie with ITO sublayer by spin coating of th2 1:
solution with methanol at the speed of substraiion of ca. 2000 rpm. The fabricated layer of
PEDOT:PSS was dried at 200 for 10 min. The active light emitting layers P\R8D (60/40 wt %) doped
by 3% ofTR2 or TR3 with the thickness of 70 nm were spin coated fotrerobenzene solution on the top
of PEDOT:PSS . The speed of substrate rotation20@6 rpm and after 10 s was increased to 30000f@:. 1
After drying active the layers at 9D for 30 min, the top electrode LiF/Al was depasiterough the shadow
mask by means of thermal vacuum evaporation gorigsure of ca. 10Torr. The thicknesses of the layers
were measured by profilometer (Dektak XT, Brucker).

The current density—voltage characteristics offigicated OLEDs were recorded by Keithley 2400
Source Meter. The luminance and color of the lgghtssion of the fabricated devices were measurdd wi
the Minolta CS-200 camera. The electroluminescepeetra were recorded by MicroHR spectrometer and
a CCD camera 3500 (Horriba Jobin Yvon). Photolusteace spectra (PL) of the active layers containing
TR2 andTR3 and without them were recovered by FLS980 fluaase spectrometer with TMS300
monochromators and a red cooled detector (HamarR&28P). The standard light source for measuring of

9



PL spectra was a 450 W xenon arc lamp. The absarfitlV) spectra of the films PVK:PBD,
PVK:PBD:TR2, PVK:PBDTR3 were recorded with the Cary 5000 UV-Vis—NIR speghotometer. All

the measurements were carried out at the room tatojpe.

3. Results and discussion

3.1. Synthesis

Star—shaped derivatives of 2,4,6-triphenyl-1,3i&zine and carbazole were synthesized by the
synthetic routes shown Bcheme 1TR1 andTR2 were obtained by the three—step synthesis. Afitste
step, 4-iodobenzonitrile was subjected to cyclaatvith the help of trifluoromethansulphonic aaid t
furnish 2,4,6-trigf-iodophenyl-)1,3,5-triazin€l). At the second step alkylation of carbazole inghesence
of 2-chloro-2-methylpropane and AlShas carried out. The alkylation products, 3,@edt-butylcarbazole
(2) and 3tert-butylcarbazold€3), were isolated. At the final step, compounand carbazole derivatives
and3 were subjected to Ullmann coupling [36] to obttia target compound&R1 andTR2. The synthetic
route to compoun@R3 included five stages. Compouiddvas synthesized following the established routes
and finally it was coupled with by Hagihara—Sonogashira cross—coupling reacti@htf8afford the target
product.

The chemical structures of the target compounds vdemtified by mass spectrometry, as well as IR
and NMR spectroscopies and elemental analysisdateewere found to be in good agreement with the
proposed structures. All the compounds exhibiteatatteristic signals at 171.2-171.4 ppm*@ NMR
spectra which can be attributed to the carbon atartige triazine heterocycle. For compouiid&l and
TR2 the characteristic singlet signal correspondintip&protons of methyl group of thert-butyl moiety
was found at 1.54-1.55 ppmiH NMR spectra. Meanwhile, the carbon atoms of thgreyl bridge linking
the chromophores GfR3 were characterized by the signals at 94.38 ar@4q8m in thé’C NMR
spectrum and by absorption band at 2203 amthe IR spectrum. Compoun@&2 andTR3 were found to
be well soluble in common organic solvents, sucbhdsroform, THF, methylene chloride, whild&R1 was

moderately soluble in the above mentioned solvents.
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3.2. Thermal properties

The temperature of the onset of thermal degradatnohglass transition temperatufg)(are important
parameters of glass—forming organic semiconducsimsge they provide information on the thermal and
morphological stabilities of the active layers loé toptoelectronic devices. The thermal propertighe
synthesized star—shaped derivatives were investiga the combination of DSC and TGA. All the tdrge
compounds exhibited very high thermal stabilitynatite 5% weight loss temperatures exceeding’@60
(seeFig. S1). Compoundd'R1 andTR2 in which carbazole moiety contains branchextibutyl groups
exhibited superior thermal stabilit¥{rr1 = 528°C andT41re = 514°C) with respect of compouriR3 in
which carbazole moiety contains long, linear hagrglup at N-9 positionTjtrz = 467°C). The values of
the glass transition temperaturég){ melting temperatured ), crystallization temperature$,) and the
temperatures, at which initial loss of mass (5%3 whservedT(y) are summarized ihable 1.

DSC scans of R1-TR3 are presented iRigs. S2-S4. It was observed by DSC that baiR1 and
TR2, having one and twiert-butyl groups per carbazole moiety, respectivedy be transformed into the
glassy state by cooling from the melt. They showedting in the first heating scans but did not tallize
upon cooling. CompoundBR1 andTR2 exhibited glass transitions in the second DSCihgatcans at 190
and 226°C, respectively. CompourtR3 was isolated after the synthesis as an amorphdissesice. Itlid
not show any melting or crystallization during b8C experiment and exhibited only glass transiabf7

°C.

3.3. Optical and photophysical properties

UV-Vis absorption and fluorescence spectra of thealhexane solutions, as well as the spectra of
the thin films of compound8R1-TR3 are presented iRig. 1. The details of the optical and photophysical
properties of the compounds are summarizedhinle 2 The shape of absorption spectra of compounds
TR1 andTR2 are similar, however the low—energy absorptionimaxn and the absorption edgeTdR2
exhibit small bathochromic shift with respect togk ofTR1. This observation can apparently be explained
by the larger amount of electron—donert-butyl groups inTR2. UV spectra of compound®R1 andTR2

contain two well-expressed bands, while the spedftcmmpoundl'R3 reflect three well-pronounced
11



transitions. A notable difference in the absorpspectra ofR3 compared to those 3iR1 andTR2 is that
the oscillator strength of the low—energy absorpband ofTR3 is larger than those GiR1 andTR2 (see
chapter 3.6). The larger oscillator strength suggests thaetiea higher probability for the,S'CT
transition inTR3. The highest—energy absorption bands of the siudieivatives can be associated with
n—* transitions. For compounddR1 andTR2 absorption shoulders located at 261 and 262 nm,
respectively, correspond to the absorption of &iplitriazine moiety [38]. FOFR3 this shoulder was
observed only in the theoretical spectrifig( S19. Absorption bands located in the range of 280+300
in the UV spectra of the investigated compoundsheaattributed to a local excitation of the carbazo
moiety [39]. The lowest—energy absorption bandsted in the region of 340-430 nm can be assignéukto
intramolecular charge transfer (ICT) complex tréiosi S—'CT. The similar tendencies were observed for
the UV spectra of thin solid films. The shape @& #bsorption bands of the solid films of the denes

was found to be similar to those of the solutidthewever, the red shifts (up to 8 nm) and negligible
broadening of the bands were observed indicatihg®red intermolecular interactions in the solidesta

UV and photoluminescence (PL) spectra of the dialations of the studied compounds at room
temperature revealed their solvent—dependant atiso@nd emission properties. In order to inveséga
solvatochromic effect UV and PL spectra of theilsolutions of the compounds in the solvents of
different polarity, i.e. hexane € 1.88), tolueneg(= 2.3), chloroformd = 4.81), tetrahydrofurarz € 7.6),
dichloromethaneg(= 8.93), acetones (= 20.7) and acetonitrile & 37.5), were recorde@he measurements
performed for the solutions in the solvents ofelént polarity revealed small hypsochromic shiftthe
lowest—energy absorption bands with the increasmleent polarity for all the compounds investigh{see
Fig. S5. We attribute these observations in the absarectra to the changes in the solvent refractive
indexn and the solute dipole moment [40].

Phosphorescence spectra of the solid solutionsrapoundsIR1-TR3 in Zeonex polymer matrices
were recorded at 77 K temperatueg( 1). All the phosphorescence spectra possess welletktibronic
structures and are located in blue-green and gigectral regions. Singert-butyl moiety is relatively weak
donor, no significant differences between phosptuaece spectra diR1 andTR2 were observed. The

phosphorescence spectrumli®éi3 was found to be red-shifted, as compared to tbbF®1 andTR2. The
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estimated values of triplet energyTiR1-TR3 are presented ifiable 2. They were found to be comparable
for TR1 andTR2 (2.65-2.68 eV) and lower farR3 (2.38 eV).

Fig. 2 presents PL spectra of the solution BflL in various solvents (results for other compounds a
given inFig. S. PL spectra of the solutions of all the compouindsexane exhibited vibronic structures,
consisting of two well-expressed maxima, which pisared in the spectra of the solutions in morarpol
solvents. Disappearance of vibronic structure ilapsolvents indicates that the photoexcited intlacular
charge transfer (ICT) from carbazolyl- to triazmeiety was enhanced when the polar solvents wer@. us

Solvatochromism is caused by the differential stdwaof the ground state and the first excitedestdt
the radiation—absorbing molecules [41]. With ther@ase of solvent polarity, the PL emission spedftthe
studied compounds became broader and exhibiteddiatbmic shifts of 36-182 nm. This observation
indicates that the dipole moments of all the conmgisuinvestigated are larger in the excited state th the
ground state (i.aLe > 1g). The differential solvation of the two statesdmjvents of varying polarity gives
rise to an increase in the Stokes shift with insireg solvent polarity [42]. All the compounds extell
positive solvatochromism. More precisely, the sotwelaxation process of the ICT fluorophore can be

described by the Lippert—Mataga equafiby[43,44]:

e—1 n2-1

T 2641 2n+1

whereAf is defined as orientation polarizabilitystands for a solvent dielectric constan¢prresponds to
the refractive index of a solvent. The gap betwidermaximum of the first absorption band and the
maximum of the corresponding fluorescence bandlledthe Stokes shift, and is usually expressed in
wavenumbers agv = v, — v. Fig. 3b shows linear relationship of Stokes shift of commpbTR1 on the
orientation polarizabilityAf. This linearity indicates that the general solveifidcts are dominant in the
spectral shifts for all the compounds. All the stddcompounds showed linear Stokes shift dependamce
Af, suggesting that they all are strong ICT fluoraisowith highly localized excited state charge s&tan.
In the case of R1 andTR3, the Stokes shift increased from 578 camd 377 cril for the solutions in
hexane to 8776 cthand 8925 cri for the solutions in in acetonitrile, respectivéyne largest Stokes shift

was exhibited bfR2, varying from 616 cim for the solution in hexane to 9843 ¢rior the solution in
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acetonitrile. This observation provides the furtbeidence of the larger excited—state dipole momént
TR2 compared to those 1R1 andTR3. These results are in agreement with those repéotehe other
bipolar triazine—based compounds [45-47].

Commission internationale de I'éclairage (CIE 19819r coordinates (X, y) were calculated for the
emission of the solutions and thin filmsTR1-TR3. It was found that the solutions of all the staldie
compounds in non—polar hexane emit deep blue (iG#ble 2, Figs. S9-S1)1 With the increase of the
polarity of solvents the emission of the solutiohshe compounds shifts from deep blue throughrgrge
to yellow color. Estimation of chromaticity coordtes of the neat flms of compountR1-TR3 revealed
that the emission dfFR1 andTR2 remained blue, while the emissionTd®3 appeared in the green region.
The different shift of the emission band of thenfibf TR3, as compared to those BR1 andTR2, can be
explained by the different molecular packing imi§. Compound¥R1 andTR2 contain bulkytert-butyl
moieties, which provide high sterical hinderance] thus more chaotic packing in the films. Meanejlll
the aromatic part ofR3 lies in one plane (sdég. S17, which can result in more favourable molecular
packing in the layer, leading to the stronger mtéon —n stacking) between the molecules, which results
in more pronounced bathochromic shift of the emissiolor.

PL quantum yieldr() gives the information on the efficiency of theission process. It is defined as
the ratio of the number of photons emitted to thenber of photons absorbed [48]. PL quantum yiefdh®
solutions of the investigated compounds in theesdly of the different polarity as well as of thaiid films
were estimated using integrating sphé&iig. 3b represents fluorescence quantum yield veaduplot for
TR1 (the plots folTR2 andTR3 are given irFigs. S7bandS8h). Generally, they of the solutions of
triazine derivative§R1-TR3 decreased with the increase of the solvent pglartie PL quantum yields of
TR1 demonstrated linear dependance on orientationripakality. PL quantum yield of 83% was observed
for the solution in non—polar hexane, the lowesti®af 23% was recorded for the solution in acitibe
Compoundd'R2 andTR3 demonstrated the highest values)af 80% and 85% in toluene solutions, while
for the solutions in acetonitrile the valuesadf 18% and 11% respectively were observed. Wigh t
increase of the solvent orientation polarizabi{df), more time for a typical ICT fluorophore is rea to

reach its relaxed excited state, which enhancesdheradiative processess and leads to highergnerg
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losses. Therefore, the PL quantum vyield is expetctetcrease. PL efficiency of the solid filmsT&1 and
TR2 were found to be 33% and 29%, respectively, whide of the film ofTR3 was 20%. The details of the
photophysical properties of the solutionsI&f1 in different solvents are summarizedTiable 3 (the data

for the solutions oTR2 andTRS3 are given inTables SlandS2.

For more information on the dynamics of i@&T—S, emission, the PL decay curves of the dilute
solutions of compoundBR1-TR3 in the solvents of different polarity were record&€tle PL decays of the
dilute solutions of all the compounds studied cdwddvell described by single—exponential fits (gtdbe
solution of TR3 in acetonitrile). The accuracy of the fits wasrelaterized byg2 values of 1.00-1.08. With
the increase of the solvent polarity from hexanditbloromethane the solutions of all the compounds
showed increasing values of fluorescence lifetimhenhile = of the solutions in acetone and acetonitrile
were found to be 1-3 ns shorter, compared to thbserved for the solutions in dichloromethanef the
solutions ofTR3 was found to be 2.7-3.5 times shorter than th63d&Rd andTR2. The shorter
fluorescence lifetimes and higher PL quantum yielidhe solutions oTR3 as compared to those of the
solutions ofTR1 andTR2 shows that the;S> & transition is dominant ifR3. This is in agreement with
the significantly higher (by 2.7-3.0 times) osdilastrength of the transitionyS S, observed in the UV
spectrum of the solution GIR3 as compared with those of the solutionIBfL andTR2.

To evaluate the contributions of radiative and adrative decay processes in the solutions of the
studied compounds, radiative and nonradiative deai@gI” andkyr, respectively, were estimated [48].

decreased exponentially with the increase of solgelarity for the solutions of all the compounfls (TR1
seeFig. 3a for TR2 andTR3 seeFigs. S7aandS839. For the solutions ofR3 the values of" were found

to be by ca. 3 times higher than those of the mwlaTR1 andTR2. This observation is consistent with
larger oscillator strength of the-SS; transition in the UV spectrum @R3. The rate okyr increased with

the increase of the solvent polarity, indicating @mhancement of the non—-radiative processess. This

observation is consistent with the decrease of idlntum yields with the increase of the solvent piyla
Fluorescence decays of the neat films exhibite@rponential behavior, pointing out several différen

origins of the radiative transitionkig. 4). PL decays of the compounds investigated in thd state were

best described by biexponential fits (Jedble 2). The emission of the film dfFR1 had dominant of 1.05
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ns (67%) andilso exhibited fluorescence of long-lived exciteates species with aof 4.70 ns. The neat
films of TR2 andTR3 demonstrated almost equal contribution of sheredi1l.29 ns and 1.38 ns fbR2
andTRS3, respectively, and of long-lived excited statecsgpewitht of 5.27 ns and 4.56 ns, respectively. To
our mind, the large difference between the domirdnlifetimes of the all the compounds in soluterd

solid state suggests complications due to interoutée interactions or morphology, or can be a

consequence of different CT species in differefitissiate conformations.

3.4. Electrochemical properties

Electrochemical properties ®8R1-TR3 were studied by CV in order to elucidate the etaut
energy levels which determine the energy and @rdtansfer processes and reversibility of redox
processed-igure 5illustrates the CV graphs of compounid®1-TR3. Only TR2 showed reversible
oxidation at 1.10 V during CV experiment. Since paundsTR1 andTR3 contain unsubstituted active
C-6 positions of carbazole moieties, they showexVarsible oxidation processes at 0.89 V&1l and at
0.77 V forTR3. The similar observations were reported earli®rd%]. For such compounds growing peak
of current during the CV experiment and the resglformation and growth of thin films on the worgin
electrode demonstrate the occurrence of oxidatidnded electropolymerization [52,53]. Compoumésl
andTR2, in which the carbazole moiety is linked to trizzicore through N-9 position of carbazole moiety,
demonstrated reversible reduction at -1.74 V and/-Y respectively. This observation shows thahase
conditions a stable radical anion is formed onttiplenyltriazine moiety [54]TR3 did not exhibit any
notable reduction peak during the CV experiments.

Solid—state ionization potential is a useful pareenér organic semiconducting materials for the us
in optoelectronic applications. Solid state iori@apotential (IFY) and electron affinity (EA") values of
the synthesized compounds were estimated usingctare/ferroceniunmas the standard redox system. The
half wave potentials and ¥ and EA" values are summarized Trable 4 CompoundrR2 was found to
possess the highestPvalue of 5.70 eV, while compoufidR3 demonstrated the highest electron donating

ability showing the value of ¥ of 5.37 eV.
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3.5. Photoelectric properties

The ionization potentials (fB) of the solid samples GR1-TR3 were also measured by the electron
photoemission in air method. The electron photosimisspectra of the layers BR1-TR3 are shown in
Fig. S12 The values of IF are presented ifiable 4 The IF" values were found to be by 0.12 — 0.46 eV
higher than the I?’ values of the corresponding compounds. However tiet methods revealed the same
trend. The lowest IP values were recordedTfi@B while the highest values were observediB2. The
small differences between the values of IP obtamedlectron photoemission spectrometry and by
electrochemical studies are apparently due to ifferehce in molecular interactions and molecular

arrangements in the solid layers and in dilutetsmis of the derivatives.

3.6. Theoretical calculations

The DFT approach [55] was applied for the intergaren of the structure—property relationship of
TR1-TR3. DFT calculations were performed using the Gaussiate of programs (Gaussian 09W) [31].
The geometries were optimized in the ground stsiteglbasic restricted DFT B3LYP 6-31G(d) basisirset
vacuum. Our calculations show that the optimal ra¢@dectronic ground state geometries are notgpléor
the molecules ofR1 andTR2. The B3LYP ground state geometry shows a torsiangle of ca. 48°
between carbazole and phenylene fragments. Therme®f ethynyl linker in the molecule BR3 forbids
rotations around it. Therefore mutual orientatidtateral fragments with respect to the ethynykénis of
ca. 0.23°. The analysis of the optimized bond lesgt the electronic ground state obtained at BleY®
theoretical level for all three molecules reveales similar bond lengths, with the smallest valoleserved
for TR3. The geometry optimizations for the molecule§BfL—-TR3 can be found ifrigure S17

In order to estimate the role of 1,3,5-triazine-duhstar—shaped structure on the optical transitites
occupied and the unoccupied molecular orbitalsrdmriing to the lowest energy electronic transisiavere
studied using time—dependent version of DFT me(i@+DFT) [56]. Absorption spectra were simulated
from the oscillator strengths of singlet transiaralculated by the TD-DFT B3LYP/6-31G(d) method in
vacuum. Two dominant transitions are observederatisorption spectra of compouid®l andTR2 (Fig.

S17), which can be attributed to the transitiop-$5;, with the oscillator strengths of 0.55 fbR1 and of
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0.60 forTR2, andr—n* transitions with the oscillator strengths of 0#48 TR1 and of 0.48 foMfR2. The
theoretical simulation of the vertical transitiasfSTR3 revealed that there is larger contributiome#r*
transitions during the excitation of this compouaslcompared to the other two compounds. The highes
intensity absorption band appears from the>S; transition with the oscillator strength of 1.65.

Figure 6 shows the frontier orbitals of the investigatedenales. In the case 3R1 andTR2, the
HOMO orbitals are delocalized over all three phengl-carbazole fragments and the lobes are
perpendicularly oriented to C-N bonds linked tostnehromophores. The similar tendencies were obderv
for TR3. The HOMO orbitals oTR3 are also delocalized over all three carbazoleybret—phenylene
fragments. In all three molecules the LUMO orbitais localized mostly over the central triphengitme
part. The lobes of these orbitals show the integ-bionding character. The HOMO orbitals also int#ica
that the electron distraction from the moleculd s connected with the electronic structure charggethe
terminal carbazole fragments. On the other haralelbctron reduction, affects mostly the 2,4,6hieipyl-

1,3,5-triazine moiety.

3.7. Charge-transporting properties

Xerographic time—of-flight measurements were usechiaracterize the charge—-transporting
properties of the synthesized compounds. Investigatvere carried out for the layersT®®1-TR3 coated
on aluminum plated glasses by solution process&dgrique. The photogeneration quantum efficiency of
holes was estimated from the magnitude of extrachatge in XTOF experiment after excitation of skeap
with short nitrogen laser light pulsé£ 337 nm, duration — 1 ndjigure 7 shows the electric field
dependencies of photogeneration quantum efficiéiobgs for the layers of investigated compounds.dafor
the compounds photogeneration quantum efficiensyrangly field dependent. These dependencies may b
approximated by a power law functign- E", where facton = 3.2 or 3.1 foiTR1 andTR2, andn = 2.1 for
TR3. Such dependence can be explained by Onsagergamati@ation mechanisms, and big values of factor
n indicate that thermalization distance in photogatien process is less than the Onsager radius [57]
Compoundl'R3 is distinguished with the smallest factoand the highest values of quantum efficiency,
with reaches 0.36 at strong electric field.
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Dispersive hole—-transport was observed in the f2gEFR1-TR3 coated by solution processing
technique Fig 8a). The hole—transit times; needed for the estimation of hole mobilities westablished
from the intersection points of two asymptoteshaf louble—logarithmic plots. The representativetale
field dependency of hole—drift mobility for the nndigm of TR2 is shown inFig. 8band is Poolee—Frenkel
type characteristic. Such dependence is commordgrebd for organic charge transporting materials in
amorphous state due to a disorder. The data dfdlgemobility of the neat films of compoun@iR1-TR3
are presented ihable 5. The highest hole mobility value is observed fag tompound R2. It approached

the magnitude of Icn? V! s at high electric fields.
3.8. Electroluminescent properties

Compoundd'R2 andTR3 were tested as light emitting materials in the OL&iDictures based on
host—guest system. The blend of poly N-vinyl cadb@ZPVK) and 2-(4-tert-butylphenyl)-5-(4-biphenily
1,3,4-oxadiazole (PBDHg. S13 was used as host, am&2 andTR3 were employed as emitting guest
materials. PVK is widely known as hole transportingterial. In addition, it possess a large exdclifetime
[58,59]. In order to enable the host system tosjpant both types of charge carriers i.e. electeomsholes,
PBD was mixed with PVK [60,61The HOMOand LUMO levels of PVK and PBD are suitable for doo
energy transfer to the light emitting dopahis2 andTR3 in it (Fig.9). UV and PL spectra of the layers of
the molecular mixtures PVK:PBD, PVK:PBILR2 and PVK:PBDTR3 are given irFigure S15 The shape
of absorption spectra of the films containing lightitting dopant§R2 andTR3 remained similar to those
of PVK:PBD film, what means that tHe&R2 andTR3 have no significant influence on the absorbance of
active layers. Doping with the guest materials, éeev, was found to have influence on the PL spettia
PL maxima of the films of PVK:PBD, PVK:PBDR2 and PVK:PBDTR3 were observed at 422nm, 450
nm and 485 nm, respectively.

The electroluminescence (EL) spectra of the fabettdevices | and Il are presentedrigure 10.

The EL intensity maxima of the devices | and Il &ebserved at 463 nm and 515 nm, respectivelyeSinc
pure PVK:PBD based devices showed emission maximd@3anm [62], and EL emission maxima of the

devices | and Il were observed at the same wavisras PL emission maxima of the filmsi&t2 or TR3
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(Fig. 10), we can conclude that effective excitation endrggsfer from the host matrices to the guestsstake
place in the devices.

Figure 11 shows the current density-voltage characteristncsluminance—voltage characteristics of
the devices | and II. The characteristis OLEDssar@marized in th&able 6. The turn—on voltage (}) of
device | was observed at 8 V for electrolumineseesfcs.24 cd/rh In the case of device Il, the,Mvas
observed at 9.5 V for EL of 1.5 cdnThe brightness maxima of 1342 and 1221 édiere observed at 18
V for devices | and I, respectively, with the mapea of current efficiency in the range of 0.1-0.8%/c CIE
chromaticity coordinates of devices | and Il wesarid to be (0.15, 0.13) and (0.21, 0.33), respelstifFig.
S16. The increasing of the bias led to the reductibthe device brightness, followed by the strudtura
degradation. It is known, thaty brightness and the current efficiency of OLEDs @etermined by the
thickness of the active layer, injection barridr@lance of charge carriers in the device [63—66¢ T
thickness of active layer in our OLEDs was 70 nrhich is typical for such kind of devices. OLEDs
fabricated in this work do not contain additionaldé+-transporting or electron transporting layeradidition
to PEDOT:PSS. Such additional layers could imprmharacteristics of the devices and redugg M
addition, charge carrier balance in the polymet+ggest matrix devices depends on the amount lof lig
emitting dopant in the matrix blend [67—69]. Theimization of the concentration d1R2 andTR3 in
polymer matrix and the application of the additiomale— and/or electron—transporting layers would

hopefully provide the possibility of improving tidevice performance.
4. Conclusions

Star—shaped derivatives of 2,4,6-triphenyl-1,3i&zine and carbazole with the different linking
topologies of the chromophores were synthesizea tiymbination of classical and modern synthetic
methodologies including Ullmann coupling reactiow &onogashira cross—coupling reaction. The
compounds possess high thermal stability with ¢éinepieratures of the onsets of thermal degradation
exceeding 460 °C. They form molecular glasses gldks transition temperatures ranging from 97 ® 22
°C. Solvatochromic behavior of the compounds waestigated studying their solutions in the solverits
different polarity. All the compounds exhibited ghesitive solvatochromism. Emission color of the

solutions could be tuned from deep blue to theoyellith the increase of solvent polarity. The dlut
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solutions of the synthesized compounds showeddhkaance quantum yields reaching 0.85 and high Stoke
shifts (377-9842 ci). All the compounds show linear Stokes shift defaemies on orientation

polarizability, suggesting that they all are stramgamolecular charge transfer fluorophores witfhty
localized excited state charge separation. Thed@hayk of the dilute solutions of the compounds wezk:
described by single—exponential fits. Fluorescementum yields of the solid films of the compoumadse
found to range from 0.2 to 0.33. lonization potaistiof the layers of the compounds estimated by
photoelectron spectroscopy range 5.49 eV — 5.97T&¥.hole drift mobility of one compound approached
the magnitude of I8cnf V! s at high electric fields. The selected compoundsewested as light

emitting materials in OLEDs based on host—-guedesysThe brightness maxima of 1342 and 1221 €d/m

were observed at 18 V for devices, with the maxaiheurrent efficiency in the range 0.1 — 0.55 cd/A.
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Table 1. Thermalcharacteristics of compound®1-TR3.

Compound T, °C T®,°C TP, °C

TR1 190 344 528
TR2 226 448 514
TR3 97 - 467

(a) glass transitions (Tg), melting points (T and crystallization temperatures (T,,) were measured by DSC (heating
rate of 10 °C/min under nitrogen atmosphere); (b) thermal decomposition temperatures(5 % weight loss

temperatures) were measured by TGA (heating rate of 20 °C /minunder nitrogen atmosphere)



Table 2. Optical and photophysical properties of the @iloéxane solutions and neat films of compounds
TR1-TR3.

Dilute solution in hexane Solid film

Compound 7,  2p, 4%, 1, r, CIE w2, e, 4%, , CIE Eq
(0.16 1.0t (0.16

TR1 389 398 578 83t5 2.88 390 462 3993 3313 2.68
0.03) 470 0.18)
(0.16 1.2¢ (0.18

TR2 397 407 616 7415 2.82 400 466 3538 2913 2.65
0.03) 5.27 0.22)
(0.16, 1.38 (0.23,

TR3 394 400 377 82+5 1.02 406 514 5172 2013 2.38
0.06) 4.85 0.54)

(a) Peak wavelengths of absorption and emissiom$afip) Stokes’ shift; (c) Quantum yields measuwrsidg integrating sphere; (d)
Fluorescence lifetime estimated for>10l hexane solutionsi{= 350 nm) (e) CIE color coordinates; (f) Fluorescerifetimes
estimated for neat filmdd,= 350 nm); (g) Values of triplet energies were mstied from the blue-edge maxima of phosphorescence

spectra.



Table 3. Photophysical characteristics of the dilute sohg of compound R1 in the solvents

of different polarity.

Solvent Af@ ﬁ%’(b) fﬁ;’ (b) Cm"l(c) (Z)’(d) nzs(e) nsl® rl,(lgﬁ’(f)

Hexane -0.001 389 398 577.94 8315 288 1.01 0.29 0.06
Toluene 0.013 385 434 2929.45 7645 394 1.00 0.19 0.06
Chloroform 0.150 379 480 5549.09 6213 6.55 1.00 0.09 0.06
Tetrahydrofuran 0.210 378 487 5918.39 5315 755 1.00 0.07 0.06
Dichloromethane 0.217 376 499 6552.97 505 759 1.00 0.07 0.07
Acetone 0.284 372 520 7648.37 2943 6.32 1.01 0.05 0.11
Acetonitrile 0.305 370 548 8776.40  23+3 458 105 0.05 0.17

(a) Solvent orientation polarizability; (b) Peak wavel engths of absorption and emission bands; (¢) Stokes shift; (d)

PL quantum yields measured using integrating sphere; (€) Fluorescence lifetimes estimated in 10> M solutions (e

= 350 nm); (f) radiative and nonradiative decay rate constants were cal culated by the equations I' = % and

1
kNR:;_r'



Table 4. Electrochemical and photoelectrical charactesshf compound$ R1-TR3.

Eox, Ered, EsV ), 1P, EA®,  E/™® IPY, Eunomos Eiumo
Compound NG NG oy /O /@ Y O O ey@
TR1 0.89 -1.74 2.63 5.49 2.86 2.96 5.95 -5.71 -2.39
TR2 1.10  -1.77 2.87 5.70 2.83 2.90 597 -563 -2.37
TR3 0.77 - - 5.37 - 2.85 549 567 -2.51

(a) for theTR1 and TR3 onset of the first oxidation potential, fbR2 halfwave oxidation

potential; Eeq is halfwave reduction potential; (b) calculatedngsequation ECV: Eox — Ered;

(c) calculated using equation = 4.8 + Eyy s r6 (d) calculated using equation EA= 4.8 +

Eredvs F6 () B "' was calculated using equatio’® = 1239.754 ( Atry = 418 nm irrp = 427

nm,Atrs = 435 nm (from UV spectra)); (f) ionization potits measured by electron

photoemission spectrometry (g) HOMO and LUMO ersrgiere calculated using rB3LYP/6-

311g (d,p) method.



Table 5. Hole mobility data of the layers of compouritR1-TR3.

) ) a,
Compound d, ”m(a) lz:nz V- igl®) l::lmz v1s1© emY2y 12
TR1 1.5 2-10
TR2 2.1 1.4-1¢ 7.5.10° 0.004
TR3 2.0 3-10

(a) Layer thickness; (b) mobility value at zemdistrength; (c) mobility value at 67 V/cm field strength; (d)

the Poolee-Frenkel parameter.



Table 6. EL performances of multi-layered devices with syathesized emitters. Device:
ITO/PEDOT:PSS/PVK:PBD (40 wt Yguest(3 wt %)/LiF/Al.

Device Ver V@ ELo nm® Brightness, C.E., CIE,

cd/m?© cd/A@ (x,y)®
| (uest TR2) 8 463 1342 0.51 (0.15,0.13)
Il (guest TR3) 9.5 515 1221 0.46 (0.21, 0.33)

(a) Turn on voltage; (b) Electroluminescence maxima; (c) Brightness maxima at 18 V; (d) Current efficiency; (€)

CIE color coordinates.



Scheme 1Synthetic routes thR1 — TR3.

Figure 1. UV absorption and photoluminescence spectra M @exane solutions (solid lines),
thin films (dashed lines) and phosphorescence ispéstiort dashed lines) of compourid’l-
TR3.

Figure 2. Photoluminescence spectra of’I solutions of compoun®@R1 in hexane, toluene,
chloroform, tetrahydrofuran, dichloromethane, anetand acetonitrile solutionk.(= 350 nm).
Figure 3. a) Dependencies of radiative (circles) and naatae (rhombus) decay rate (a), of PL
guantum vyield (squares) and of Stokes shift (tlesig(b) on orientation polarizabilitylf) of

TR1. Dashed lines stand for the linear fit.

Figure 4. PL decays of neat films of compountR1-TR3.

Figure 5. Cyclic voltammetry scans of dilute 1 pg/ml sadats of compound¥R1-TR3.
Measurement conditions: 0.1 M BIBFs/dichloromethane electrolyte, scan rate 100 mV/s.
Figure 6. The frontier orbitals of compoundf1-TR3.

Figure 7. Field dependencies of the holes photogenerationtquaefficiency in the layers of
TR1-TR3.

Figure 8. (a) XTOF transients for the neat filmDR2. Arrow mark indicate transit time of
holes at the respective surface voltage; (b) Béefgld dependencies of hole—drift mobilities of
the amorphous layer GiR2.

Figure 9. Energy diagrams of the devices | (a) and 1l (b).

Figure 10. Normalized electroluminescence spectra (solielsjrof devices | and Il and PL
spectra of neat films (dashed lines)ié&t2 andTRS3.

Figure 11 Current density-voltage and luminance-voltageatiaristics (a), current efficiency
— current density characteristic (b) of the devicasd II.
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