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Abstract

A series of spirofluorene-centered, carbazole and thiophene -linked molecules CFT, TCFT
and CFTFC were synthesized by Ulmann coupling and Suzuki Cross-coupling reactions and
fully characterized by "H NMR, *C NMR, FTIR, UV-vis, PL spectroscopy, DSC, TGA, CV
and MALDI-TOF. Multilayer organic light-emitting diode (OLED) devices based on these
materials were fabricated to investigate their hole-transport properties. Electroluminescent
properties of these molecules showed excellent performance in devices. CFT-based OLED
devices exhibited the best performance with a low turn on voltage of 3 V, a maximum
luminance of 10100 cd/m? and a maximum luminous efficiency of 11.30 (cd/A). This work
brings opportinuties for the employment of spirobifluorene semiconductors for use in highly
efficient OLED applications.
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Introduction

Organic light emitting diodes (OLEDs) have attracted much attention due to their potential
application in full-color flatpanel displays and solid lighting resources.'™ Since the initial
work on small molecular OLEDs by Tang et al. and polymer light emitting diodes (PLEDs)
by Burroughes et al., many researchers focused on the development of electroluminescent
materials with high luminescent efficiency, better stabilities, and good film forming properties
to improve device efficiency and enhancing the durability of OLEDs. >*

Fluorene- based compounds are desirable materials for organic optoelectronic devices, such
as light-emitting diodes, '° photovoltaic cells, ' field-effect transistors,'* and organic lasers,
owing to their high thermal and morphological stabilities, high fluorescent quantum
efficiencies, and ambipolar carrier transporting properties.'* In recent years, polyfluorene
derivatives have been broadly used in PLEDs because of their high efficiencies both in
photoluminescence (PL) and in electroluminescence (EL) devices."”'® However, the 9,9-

dialkylated fluorene derivatives have shown poor spectral stabilities associated with keto
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defects in the polymer backbone or excimer emission.'” 9,9-Spirobifluorene derivatives have
also attracted much attention due to their solution processability, high luminescence
efficiency and their morphologic stability.'® Spiroannulated molecules utilize the spiro bridge
to connect two conjugated moieties via a tetrahedral bonding atom at the center. This structure
minimizes the probability of interchain interactions, prevents the close packing of the
molecules, increases the rigidity and glass transition temperatures (7g)."” On the other hand,
carbazole derivatives have been extensively studied because of their excellent hole-
transporting capability, high charge carrier mobility, high thermal, morphological and
photochemical stability .**** Carbazole based compounds can be used in OLEDs as hole
transporting materials,” host materials,”* blue emitters,” green emitters,”® red emitters’’ and
white emitters.”

This report describes the synthesis, characterization and application of new spirobifluorene
based molecules CFT, TCFT and CFTFC as hole-transporting materials (HTMs) in organic
light emitting diodes. CFT, TCFT and CFTFC were synthesized using Ullmann coupling and
Suzuki Cross-coupling methods. Their chemical structures were elucidated by '"H NMR, *C
NMR, FTIR and MALDI-TOF. Photophysical, electrochemical and thermal properties of
these molecules were determined by UV—Vis and PL techniques, cyclovoltammetry (CV),
thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). In order to
investigate their hole-transporting properties, multilayer OLED devices were fabricated with
the following configuration: ITO/PEDOT:PSS/ HTL/Alq3/LiF:Al. Hole-transporting abilities
of the synthesized molecules were compared with the commercial hole transport material

PVK in the same device architecture.

Experimental

Materials and Instruments

All reagents and solvents were purchased from Aldrich and used without further purification.
Alqg3, PEDOT:PSS and Indium tin oxide (ITO)-covered glass plates for EL device fabrication
were obtained from Aldrich, H.C. Starck and Kintec Company, respectively.

'H and C NMR spectra were recorded with a Bruker 400 MHz spectrometer with
chloroform-d as solvent and tetramethylsilane as the internal standard. FTIR spectra were
recorded by a Perkin Elmer FTIR Spectrum One by using ATR system (4000—650 cm ™).
Absorption spectra were recorded on a LAMBDA 16 spectrophotometer (Perkin Elmer).
Fluorescence emission and excitation spectra were measured using a LS50B luminescence

spectrometer (Perkin Elmer). Electrochemical measurements were performed using a
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CHI660B electrochemical workstation from CH Instruments (Austin, TX, U.S.A.). A
conventional three-electrode configuration in 0.1 M solution of tetrabutylammonium
hexafluorophosphate dissolved in acetonitrile:dichloromethane (2:1; v:v) at a scan rate of 100
mV s with a platinum working electrode, a Pt-wire counter electrode, and an Ag/AgCl
reference electrode were used. Differential scanning calorimetry (DSC) measurement and
thermogravimetric analysis (TGA) were performed under a nitrogen atmosphere at a heating
rate of 10 °C min'l, on Perkin Elmer Pyris 6 DSC and Perkin Elmer Pyris 6 TGA,
respectively. MALDI-TOF spectrum was recorded by using Applied Biosystems Voyager
System 6020.

Synthesis

Synthesis of 9-biphenyl-2-yl-2-bromo-7-iodo-9H-fluoren-9-o!/ (3): Under argon atmosphere,
2-bromobiphenyl (4.0 g, 16.5 mmol) was added slowly to magnesium turnings (0.5 g, 20.8
mmol) in freshly distilled tetrahydrofuran (THF) (15 mL). The addition was carried out in
such a way that the solution maintained a gentle reflux. After the completion of addition, the
mixture was diluted with dry THF (15 mL) and heated to reflux for 1 h. Then a solution of 2-
bromo-7- iodo- fluoren-9-one (7.69 g, 20 mmol) dissolved in dry tetrahydrofuran (50 mL)
was added to the refluxing solution of 2-biphenylmagnesium bromide in a dropwise fashion.
The final mixture was heated to reflux 24 h. After cooling, the mixture was slowly added to a
saturated solution of ammonium chloride (200 mL), mixed vigorously for 1 h, diluted by
adding THF (50 mL), and ethyl acetate (100 mL). After separation of the phases, the aqueous
part was extracted with diethyl ether (2 x 100 mL). The combined organic phase was further
washed with diionized water (2 x 100 mL), brine (100 mL) and dried over magnesium sulfate.
Removal of the organic solvent under vacuum gave 3 (6.22 g, 70%) as a white solid.

Synthesis of 2-bromo-7-iodo-9,9"-spirobi[fluorene] (4): A solution of 3 (5.0 g, 9.27 mmol) in
dichloromethane (200 mL) was acidified by adding methanesulfonic acid (5 mL) and refluxed
for 1 h. After cooling to room temperature, the solution was extracted with saturated
potassium carbonate (2 x 200 mL) and washed with brine (2 x 200 mL). Solvent was
removed by rotary evaporator, the resulting viscous oil was further dried under high vacuum
to produce 4 (4.4 g, 92%) as a white crystalline solid and was used in the next step without
purification. 'H NMR (400 MHz, CDCls, 25 °C, TMS): ¢ (ppm) = 7.85-7.84 (d, 2H), 7.70-
7.65 (t, 2H), 7.56-7.54 (d,1H), 7.49-7.47 (dd, 1H), 7.42-7.38 (t, 2H), 7.16-7.13 (t, 2H), 7.03
(s, 1H), 6.82 (s, 1H), 6.73-6.71 (d, 2H).

Synthesis  of  9-(7-bromo-9,9 spirobi[fluoren]-2-yl)-3, 6-ditertbutyl-9H-carbazole  (5):
Copper(I) iodide (18 mg, 0.1 mmol), 18-crown-6 (8.6 mg, 0.03 mmol), potassium carbonate
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(0.526 g, 3.84 mmol), 3,6-ditertbutylcarbazole (0.536 g, 1.92 mmol), and DMAc (7.5 mL)
were added to a round-bottom flask and vigorously stirred at 165 °C under argon. After
stirring and refluxing for 2 h, 2-bromo-7-i0odo-9,9'-spirobi[fluorene] (1.0 g, 1.92 mmol) as a
solution in hot DMAc (7.5 mL) was added into the mixture slowly. The final reaction medium
was heated to reflux for 24 h. The reaction solution was poured into water (300 mL), the
precipitate was collected by filtration, dried and purified by column chromatography over
silica gel eluting with a mixture of dichloromethane:n-hexane (1:4) followed by
recrystallization from a mixture of dichloromethane-methanol gave a white solid (0.9 g,
70%)."H NMR (400 MHz, CDCls, 25 °C, TMS): 6 (ppm) = 8.04-7.97 (dd, 3H), 7.81-7.74 (t,
3H), 7.55-7.52 (td, 2H), 7.39-7.33 (t, 4H), 7.18-7.12 (m, 4H), 6.91-6.89 (dd, 2H), 6.85-6.82
(d, 2H), 1.40 (s, 18H).

Synthesis  of  3,6-di-tert-butyl-9-[7-(2-thienyl)-9,9'-spirobi[fluoren]-2-yl]-9H-carbazole
(TCFT): A mixture of 5 (0.67 g, 1 mmol), 2-thiopheneboronic acid (0.14 g, 1.1 mmol),
Pd(PPhs), (0.026 g, 0.026 mmol), aqueous solution of 2 M Na,CO; (15 mL, 30.00 mmol) and
THF (25 mL) was degassed with argon for 5 minute. The reaction mixture was stirred at
reflux under Ar for 24 h. After being cooled to room temperature water (100 mL) was added.
The mixture was extracted with dichloromethane (2x50 mL), washed with water (100 mL)
and brine (100 mL), dried over anhydrous Na,SO,, filtered and the solvents were removed
under vacuum. Purification by column chromatography over silica gel eluting with a mixture
of dichloromethane: n-hexane (1:2) afforded white solids (0.58 g, 87 %). 'H NMR (400 MHz,
CDCls, 25 °C, TMS): J (ppm) = 8.05-7.99 (dd, 4H), 7.89-7.88 (d, 1H), 7.82-7.80 (d, 1H),
7.37-7.31 (t, 4H), 7.19-7.11 (m, 8H), 7.00-6.97 (t, 2H), 6.89-6.87 (d, 2H), 1.41 (s, 18H); °C
NMR (100 MHz, CDCls, 25 °C, TMS): 6 (ppm) = 151.36, 148.28, 144.46, 143.01, 142.03,
140.08, 139.20, 134.48, 128.23, 126.35, 124.94, 124.24, 123.71, 123.53, 121.72, 121.17,
120.70, 120.46, 116.39, 109.28, 32.21; IR (ATR): v= 3039, 2953, 2351, 1605, 1471, 1446,
1360, 1324, 1293, 1251, 1231, 875, 809, 732 c¢cm'; MALDI-TOF (m/z): [M'] calcd. for
Ca9H4 NS, 675.9226; found 675.3000.

Synthesis of 9-(7-bromo-9,9"-spirobiffluoren]-2-yl)-9H-carbazole (6): Copper(I) iodide
(0.056 g, 0.3 mmol), 18-crown-6 (0.026 g, 0.1 mmol), potassium carbonate (1.58 g, 11.52
mmol), carbazole (0.96 g, 5.76 mmol), and DMAc (10 mL) were added to a round-bottom
flask and vigorously stirred at 165 °C under argon. After stirring and refluxing for 2 h, 2-
bromo-7-i0do-9,9'-spirobi[fluorene] (3 g, 5.76 mmol) as a solution in hot DMAc (10 mL) was
added into the mixture slowly. The final reaction medium was heated to reflux for 24 h. The

reaction solution was poured into water (300 mL), the precipitate was collected by filtration,
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dried and purified by column chromatography over silica gel eluting with a mixture of
dichloromethane:n-hexane (1:4) followed by recrystallization from a mixture of
dichloromethane-methanol gave a white solid (2.25 g, 70%). 'H NMR (400 MHz, CDCls, 25
°C, TMS): 6 (ppm) = 8.04-7.99 (dd, 3H), 7.80-7.74 (t, 3H), 7.58-7.53 (td, 2H), 7.39-7.35 (t,
2H), 7.29-7.24 (t, 2H), 7.21-7.15 (m, 6H), 6.92-6.89 (dd, 2H), 6.86-6.84 (d, 2H).
MALDI-TOF (m/z): [M"] calcd. for C3;H,,B1N, 560.4813; found 561.0900.

Synthesis of 9-[7-(2-thienyl)-9,9'-spirobi[fluoren]-2-yl]-9H-carbazole (CFT): A mixture of 6
(1 g, 1.78 mmol), 2-thiopheneboronic acid (0.25 g, 1.95 mmol), Pd(PPhs)s (0.047 g, 0.047
mmol), aqueous solution of 2 M Na,COs; (20 mL, 40.00 mmol) and THF (20 mL) was
degassed with argon for 5 min. The reaction mixture was stirred at reflux under Ar for 24 h.
After being cooled to room temperature water (100 mL) was added. The mixture was
extracted with dichloromethane (2x50 mL), washed with water (100 mL) and brine (100 mL),
dried over anhydrous Na,SO., filtered and the solvents were removed under vacuum.
Purification by column chromatography over silica gel eluting with a mixture of
dichloromethane: n-hexane (1:2) afforded white solids (0.89 g, 89 %). 'H NMR (400 MHz,
CDCls, 25 °C, TMS): ¢ (ppm) = 8.04-8.01 (t, 3H), 7.91-7.89 (d, 1H), 7.81-7.80 (d, 2H), 7.70-
7.67 (dd, 1H), 7.57-7.55 (dd, 1H), 7.38-7.34 (t, 2H), 7.28-7.24 (t, 2H), 7.21-7.14 (m, 8H),
7.02 (s, 1H), 6.96-6.94 (t, 1H), 6.90-6.88 (d, 3H); °C NMR (100 MHz, CDCls, 25 °C, TMS):
o (ppm) = 151.23, 149.85, 147.96, 144.14, 141.78, 140.60, 140.41, 140.25, 140.01, 137.08,
134.40, 128.03, 127.88, 126.43, 125.80, 124.76, 123.99, 123.33, 123.28, 122.10, 121.51,
120.55, 120.22, 119.82, 109.64; IR (ATR): v= 3048, 2350, 1596, 1494, 1468, 1446, 1333,
1311, 1227, 814, 744, 719 cm™'; MALDI-TOF (m/z): [M'] calcd. for C4;H,sNS, 563.7099;
found 563.1700.

Synthesis of  9-(7-{5-[7-(9H-carbazol-9-yl)-9,9'-spirobiffluoren]-2-yl]-2-thienyl}-9,9"-
spirobiffluoren]-2-yl)-9H-carbazole (CFTFC): A mixture of 6 (1 g, 1.78 mmol), 2,5-
thiophenediboronic acid (0.154 g, 0.9 mmol), Pd(PPhs)s (0.047 g, 0.047 mmol), aqueous
solution of 2 M Na,CO3 (20 mL, 40.00 mmol) and THF (20 mL) was degassed with argon for
5 minute. The reaction mixture was stirred at reflux under Ar for 24 h. After being cooled to
room temperature water (100 mL) was added. The mixture was extracted with
dichloromethane (2x50 mL), washed with water (100 mL) and brine (100 mL), dried over
anhydrous Na,SOy, filtered and the solvents were removed under vacuum. Purification by
column chromatography over silica gel eluting with a mixture of dichloromethane: n-hexane
(1:2) afforded pale green solids (0.74 g, 80 %). "H NMR (400 MHz, CDCls, 25 °C, TMS): 0
(ppm) = 8.05-8.02 (t, SH), 7.92-7.90 (d, 2H), 7.82-7.80 (d, 3H), 7.70-7.68 (d, 2H), 7.58-7.56
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(d, 2H), 7.39-7.35 (t, 4H), 7.30-7.26 (t, 4H), 7.21-7.15 (m, 15H), 7.02 (s, 2H), 6.98-6.95 (t,
2H), 6.90-6.88 (d, 5H); "C NMR (100 MHz, CDCls, 25 °C, TMS):  (ppm) = 151.49,
150.10, 148.21, 147.58, 144.40, 142.03, 140.86, 137.33, 134.65, 131.43, 128.28, 128.25,
126.35, 126.06, 125.01, 124.24, 123.59, 122.85, 121.77, 121.28, 120.47, 120.08, 109.89; IR
(ATR): v = 3051, 2350, 1596, 1494, 1445, 1334, 1312, 1229, 1116, 810, 746, 722 cm ;
MALDI-TOF (m/z): [M ] calcd. for C78H46N>S, 1043.2793; found 1042.3400.

OLED Device Fabrication and Characterization

Indium tin oxide (ITO) glass substrate with a sheet resistance of 15 Q/sq was used. After
cleaning of ITO glass substrate in an ultrasonic bath with acetone, ethanol, iso-propanol for
15 min., PEDOT:PSS was spin coated onto the substrate at a spin speed of 4000 rpm for 30 s
forming 40 nm thick layers. The samples were annealed for 30 min at 150 °C. Chlorobenzene
solutions of synthesized molecules and PVK (1.5%, w/v) were spin-coated onto ITO glass
substrates at a spin speed of 3000 rpm for 60 s to get a 50 nm thick of HTL. Then Alq3 was
deposited onto the surface of the synthesized molecules films as emissive layer (EML) and
electron transporting layer (ETL) with a thickness of 20 nm. Finally, an ultra thin LiF layer
(0.5 nm) and Al cathode (100 nm) was thermally evaporated under high vacuum (10°® mbar)
through a shadow mask determining the active surface area of 10 mm?”. The characterization
of fabricated devices was carried out under inert nitrogen environment inside a glove box
system. Current-voltage (IV) curves were recorded using a Keithley 236 source meter. The
EL and luminance properties were measured using Spectrascan PR-655 spectroradiometer.
The thicknesses of films were determined with a Digital Instrument 3100 atomic force
microscope (AFM).

Results and Discusion

Synthesis and Characterization

The synthetic routes of CFT, TCFT and CFTFC molecules are shown in Scheme 1. 2-bromo-
7-i0d0-9,9'-spirobi[fluorene] was prepared according to procedures previously described in
literatures. »* Coupling of 2-bromo-7-i0do-9,9'-spirobi[fluorene] with carbazole or 3,6-ditert-
butyl carbazole under Ullmann coupling reaction conditions gave 5 and 6. CFT and TCFT
molecules were obtained coupling of the intermediate 5 or 6 with 2-thiopheneboronic acid
under palladium catalyzed Suzuki cross-coupling conditions in good yield. CFTFC molecule
was synthesized under Suzuki cross-coupling conditions coupling of 6 with 2,5-

thiophenediboronic acid.
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Scheme 1. Synthesis of TCFT, CFT and CFTFC molecules.

All the synthesized compounds were characterized by 'H, ?C NMR, FT-IR spectroscopy and
MALDI-TOF. The data were found to be in good agreement with the proposed structures.
CFT, TCFT and CFTFC molecules are highly soluble in common organic solvents such as
chloroform, chlorobenzene, tetrahydrofuran and toluene at room temperature.

The thermal properties of the compounds were determined by DSC and TGA under nitrogen
atmosphere with a heating rate of 10 'C min™ and in the temperature range between 0 and 275
'C for DSC and between 25 and 700 'C for TGA. DSC and TGA data revealed that all
compounds have high glass transition (7g) and thermal decomposition temperatures (7d)
indicating that they are thermally stable materials (Table 1). There is no observed exothermic
peak resulting from the crystallization of compounds up to 275 'C in their DSC curves. As
shown in Table 1, sterically bulky tert-butyl groups linked to carbazole moieties increase the
Tg and 7d of TCFT molecules relative to the analog CFT. Additional spirobifluorene and
carbazole groups in CFTFC proved to have almost no effect on the thermal properties of the

molecule.
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Table 1. Physical data for compounds

Compound 7, T,° Rabs” Aem' E;' Eune  HOMO/LUMO'
rcl °cl [nm] [nm] [eV]  [eV] [eV]

CFT 135 461 346 384/397 3.2 120 —5.59/-2.47

TCFT 145 490 351 391 308 129 ~5.68/-2.60

CFTFC 135 452 343 383/394  3.05 1.8 ~5.67/-2.62

2lObtained from DSC measurements. ""'Obtained from TGA measurements. ''Solvent
CHCl,;. "“Optical band gap (thin film). “/Onset potentials. MTHOMO/LUMO energy
levels was calculated with reference to ferrocene (4.8 eV) according to onset potentials.
LUMO energy level was derived from the relation, Eg = HOMO-LUMO (where the
band gap was derived from the observed optical edge).

The absorption spectra and photoluminescence spectra of CFT, TCFT and CFTFC were
recorded in chloroform (Fig. 1). In the absorption spectra of all compounds, there is no
significant shift in comparison to the spectrum of the carbazole subchromophore ( N- phenyl
carbazole, Amax = 340 nm). The UV—vis spectra have absorption maxima between 343 and 351
nm, which are assigned to the m—mr* transitions of the carbazole moiety. A comparison of the
spectra shows that CFT and CFTFC compounds exhibit almost identical spectral features
despite of the different molecular structures. Tert-buthyl substitution in TCFT causes a
redshift of the absorption maximum. The energy band gap (Eg) of CFT, TCFT and CFTFC
were estimated from thin film absorption edge as 3.12, 3.08 and 3.05 eV, respectively. The
solution photoluminescence (PL) spectra of molecules showed emission bands in the purple-
blue region with peaks centered between 383 and 397 nm. CFT and CFTFC exhibited almost
identical PL spectra same as their UV-vis spectra and PL spectra of TCFT presented slight
redshift of emission maximum. Due to the steric effect of the two ters-butyl groups at the 3,6-
position of the carbazole, the absorption and emission bands of TCFT are bathochromicaly

schifted, relative to CFT and CFTFC.
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Fig. 1 Normalized UV-Vis absorption and Photoluminescence spectra of CFT, TCFT and

CFTFC molecules in chloroform solution.

Cyclic voltammetry was used to determine the position of the highest occupied molecular
orbital (HOMO) of CFT, TCFT and CFTFC molecules (Table 1). CV experiment was carried
out in degassed anhydrous acetonitrile-dichloromethane (2:1, v:v) solutions. HOMO energy
levels of molecules were calculated according to the inner reference ferrocene redox couple £
°(Fc/Fc ") =+ 0.41 V vs. Ag/AgCl in acetonitrile by using the formula E yomo = —¢(Eox — Ere
) + 4.8.%° The first oxidation peaks of CFT, TCFT and CFTFC were observed at 1.20, 1.29
and 1.28 V, respectively against (vs. Ag/AgCl). Lowest unoccupied molecular orbital
(LUMO) energy levels of CFT, TCFT and CFTFC molecules were obtained by adding their
optical band gap values to their HOMO levels, and they are calculated as -2.47, - 2.60 and -
2.62 eV, respectively. The energy level diagram of HOMO and LUMO levels for materials

are shown in Fig. 2.
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Fig. 2 Energy level diagram of the fabricated OLED devices.

Electroluminescence Properties

To investigate the hole-transporting properties of CFT, TCFT and CFTFC molecules, OLED
devices were fabricated with the device configuration of ITO/PEDOT:PSS/HTL/Alq3/LiF:Al
(Fig. 3). In this device configuration CFT, TCFT and CFTFC were used as HTL materials,
Alqgs was used both as a light emitting and ETL material, ITO and LiF:Al were used as an
anode and cathode, respectively. A reference device based on

ITO/PEDOT:PSS/PVK/Alq3/LiF:Al was fabricated for comparison.
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Fig. 3 General structure of ITO/PEDOT:PSS/CFT or TCFTor CFTFC or PVK/Alq3/LiF: Al
OLED devices.

EL spectra of the all devices are shown in Fig. 4. All devices emitted bright green
luminescence (Amax = 512-520 nm) in agreement with the PL spectrum of Alq3. Fig. 4 clearly
shows that, in all devices, charge recombinations occurred in Alg3 layer. No emission at the
longer wavelength from the exciplex species formed at the interface of HTL and ETL
materials were observed from their OLED devices, which generally occurs in the devices

containing planar molecules as HTL.

T u T " T ' J
400 500 600 700
Wavelength (nm)

Fig. 4. EL spectrum of the OLED devices.

Fig. 5 shows the current-voltage and luminance-voltage characteristics of the OLED devices
containing the CFT, TCFT, CFTFC and PVK molecules as HTMs. The electrical parameters
obtained from OLED devices with different HTMs are summarized in Table 2. Luminance-
voltage characteristics clearly show that OLED device based on CFT exhibit the lowest turn-
on voltages to obtain the luminance of 1 cd/m” as 3V and a maximum luminances of 10100
cd/m” at 9 V, which can be due to better energy level alignment of CFT HOMO level with
respect to PEDOT:PSS as compared to TCFT, CFTFC and PVK, as charge injection barrier is

one of the determining parameters of turn on voltage in OLED devices.



Journal of Materials Chemistry C

105004  u  CFT ]
—eo—TCFT
9000 - CFTFC
1 —v—PVK °
NE 7500 - / /
S 6000 . /
o /
§ 4500 -
=
g 3000 -
.
1500 - /-
OL v v v v —»—3— T/./. ——
0o 1 2 3 4 5 6 7 8 9 10
Voltage (V)
a)
3004 —m=—CFT v
e TCFT
CFTFC
2909 yopvk /
g u
R
< 200- .
£ ]
2 1501 J J
& L /
|53 ] / /
2 100 L
5 / J
= /
S 504 ii S
" 0.
O—nvvvvmuwnmmmw!!!!'!!!!!-- soe®
T T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10
Voltage (V)
b)

Fig. 5. (a) Luminescence-applied voltage characteristics and (b) Current density-applied

voltage characteristics of the OLED devices.
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Table 2. EL Performance of fabricated OLED devices.

Device Von AEL Lnax J 1] CIE

V)*  (@m) (cd/md)® (mA/em®)°  (cd/A)° (xy)°

ITO/PEDOT:PSS/CFT/Alq3/ LiF:Al 3 520 10100 286 11.30 0.30, 0.56
ITO/PEDOT:PSS/TCFT/Alq3/ LiF:Al 4 520 8100 195 9.01 0.29, 0.55
ITO/PEDOT:PSS/CFTFC/Alq3/ LiF:Al 5 512 4000 303 1.84 0.28, 0.54
ITO/PEDOT:PSS/PVK/Alg3/ LiF:Al 4 516 3250 302 1.08 0.29, 0.51

*Turn-on voltage (V), recorded at luminance of 1 cd/m”.
"Maximum luminance (cd/m?).

“Current density at maximum luminance.

Luminance efficiency.

°CIE coordinates (x, y).

Molecular structure can affect intermolecular interactions ie. hole transport properties in these
molecules. TCFT has sterically bulky tert-butyl groups linked to carbazole moieties and
CFTFC has two spirobifluorene groups, leading to twisted moleculer structure thus
minimizing molecular packing. This can be the reason for lower performances in OLED
devices coming from their relatively poor hole transport abilities comparing to CFT.

Fig. 6 shows luminous efficiency-current density characteristics of fabricated devices.
According to this figure, all sythesized molecules have higher luminance and current
efficiency value than the reference ITO/PEDOT:PSS/PVK/Alq3/LiF:Al device. Maximum
luminous efficiency of 11.32 cd/A was achieved at 13 mA/cm® by incorporating CFT. This
excellent performance of CFT can be attributed to its better energy level alignment with

PEDOT:PSS as well as improved hole transport property.



Journal of Materials Chemistry C

124 . —u—CFT
1 —e— TCFT
10 CFTEC
] . —v—PVK
2T
5 81
S
> &
5 °a
o
t.% 4 °
= 7 -
© ]
58 2_.||
lo | = ¢
0w
1 1 ' 1 ! 1 ! 1 ' I v 1
0 50 100 150 200 250 300

Current Density (mA/cmz)
Fig. 6. The luminous efficiency-current density characteristics of the OLED devices.

Conclusion

In summary, we have synthesized electrochemically and thermally stable new spirobifluorene
based hole transporting materials by Ulmann coupling and Suziki Cross-coupling reactions.
The OLED devices using these molecules as hole transporting layer exhibited bright green
emission (Amax = 512-520 nm) from the Alq3 layer. The device based on CFT molecules
containing carbazole, spirobifluerene and thiophene has much better performance in terms of
brightness, current density and current efficiency than other devices based on TCF, CFTFC
and as well as reference PVK devices due to its better energy level alignment with
PEDOT:PSS and good hole transport property. This molecule can be a promissing material
for display applications that renders high EL efficiency in OLEDs with its excellent hole
transporting ability.
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