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SYNTHESIS AND ELECTROCHEMICAL PROPERTIES
OF N-SUBSTITUTED BICARBAZYL DERIVATIVES

Yeong Eun Kim, Young Soon Kwon, Kwang Soon Lee,
and Jong Wook Park
Department of Chemistry /Center for Nanotechnology Research,
The Catholic University, Pucheon, 420-734, Korea

Hyeon Jin Seo
Display Institute, Vistorm, D503-2 Bundang Techno-Park,
Seongnam, 463-816, Korea

Tae Wan Kim
Department of Physics, Hong-Ik University, Seoul, 121-791, Korea

N,N'-Diethyl-3,3"-bicarbazyl (DEBC) and N,N'-Diphenyl-3,3'-bicarbazyl (DPBC)
was synthesized by the oxidative coupling reaction. The electrochemical
properties of DEBC and DPBC were characterized by cyclic voltammetric tech-
nique. The oxidation of DEBC occurred at 0.56 V and 0.8V (vs. Ag/Ag ™) and the
reduction also at 0.47V and 0.72 'V, where the carbazole uwit might be oxidized
and coupled each other irreversibly to form the pairved molecules of DEBC.
DPBC also showed the reversible oxidation at 0.74V and 0.97V and reduction
at 0.53V and 0.77V, respectively. The bandgap energy of DEBC and DPBC were
estimated to be 3.16eV and 3.19 eV, respectively, according to each UV-Vis.
spectra.
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1. INTRODUCTION

Since the first report of multilayer high efficiency organic light emitting
diodes (OLEDs), there have been intense research activities in organic

Received 1 October 2003; accepted 30 December 2003.

This work was supported by grant No. R01-2002-000-00347-0 from the interdisciplinary
research program of the KOSEF.

Address correspondence to Jong Wook Park, Deptartment of Chemistry/Center for Nano-
technology Research, The Catholic University, Pucheon, 420-734, Korea. Tel.: + 82-32-340-
3821, Fax: + 82-32-340-3764, E-mail: hahapark@catholic.ac.kr

153



Downloaded by [University of Arizona] at 01:32 12 January 2013

154 Y. E. Kim et al.

electroluminescence (EL) devices [1]. Especially carbazole-containing
compounds are widely known as an important class of materials which
show intrinsic electronic properties such as luminescence, hole blocking
and hole transporting properties [2—4].

We also have been interested in various carbazole based derivatives as
well as carbazole bipolar types [5,6]. Recently we synthesized new carba-
zole dimer molecules, N,N’-diethyl-3,3'-bicarbazyl (DEBC) and N,N’-
diphenyl-3,3’-bicarbazyl (DPBC), as good hole transporting materials
which show 20% increased EL efficiency relative to NPB in Alqgs system.
In here we firstly report the synthesis and electrochemical properties of
DEBC and DPBC since the electrochemical stability is also very important
issue for lifetime in OLEDs.

2. EXPERIMENTAL

2.1. Materials and Characterization

The cyclic voltammograms were recorded on a computer controlled EG&G
362 electrochemical workstation in 0.1 mol/L tetra(n-butyl)ammonium
tetrafluoroborate /acetonitrile. The DEBC and DPBC Film on a ITO
electrode with an area of 1cm?, prepared by drop casting from solution
in chloroform, was used as the working electrode. A platinum wire was
used as the counter electrode and a silver wire was used as the reference
electrode (Ag/Ag™). The separated anodic and cathodic scans were
carried out at various scan rate of at room temperature.

2.2. Synthesis of N,N’-Dsiphenyl-3,3'-bicarbazyl (DPBC)

N,N’-Diphenyl-3,3'-bicarbazyl (DPBC) was synthesized by the oxidative
coupling reaction (see Scheme 1). To a 500 ml round flask ware placed
Iron (]||) chloride (5.35 g, 32.96 mmol) and CHCl3(200 ml) under Ns. To this
mixture was added a solution of 9-phenyl carbazole (2g, 8.24 mmol) in
chloroform (100 ml) very slowly. The mixture was stirred at room tempera-
ture for 4 hr. After 10% sodium hydroxide solution was added in the mix-
ture, the aqueous was thoroughly extracted with chloroform. The crude
product was dissolved in chloroform (10ml) and reprecipitated slowly in
methanol (200 ml). The product was collected by filtration and dried under
vaccum at room temperature. (1.03g, 52%).

'"H-NMR (300 MHz, CDCly) ¢ 8.46 (s, 2H), 8.24 (d, 2H), 7.78 (d, 2H),
7.63 (d, 8H), 7.50 (t, 8H), 7.33 (t, 2H); mass (positive ion FAB) 484
(M™); mp 200°C.
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SCHEME 1 Synthesis of (a) N,N'-Diethyl-3,3'-bicarbazyl (DEBC) and (b) N,N’-
Diphenyl-3,3'-bicarbazyl (DPBC).

2.2. Synthesis of N,N’'-Diethyl-3,3'-bicarbazyl (DEBC)

N,N’-Diethyl-3,3’-bicarbazyl (DEBC) was synthesized by same process with
DPBC (see Scheme 1) (2.5g, 83%).

'"H-NMR (300 MHz, CDCls) 6 8.42 (s, 2H), 8.19 (d, 2H), 7.84 (t, 2H),
761 ~7.41 (m, 6H), 7.25 (t,2H), 4.41 (q, 4H) 1.47 (t, 6H); mass (positive
ion FAB) 388 (M™); mp 189°C.

3. RESULT AND DISCUSSION

We have synthesized two carbazole dimer derivatives, N,N’-Diethyl-3,3’-
bicarbazyl (DEBC) and N,N’-Diphenyl-3,3’-bicarbazyl (DPBC), which has
generally the high hole mobility and is used for hole transportation in
organic semiconducting device such as electroluminescence (EL) device
and solar cell.

DEBC and DPBC were synthesized by using coupling reaction at room
temperature (see Scheme 1). These two products were finally purified with
appropriate solvent and reprecipitated to have highly pure beige color pow-
der. The structure was identified by NMR, UV-Vis. spectroscopies and DSC.

The resulting products are soluble in common solvent such as chloro-
form and THF. The DEBC and DPBC films do not show any particle on
the surface and exhibited a smooth surface where observed by microscope.
Meanwhile, although N-substituted carbazole (mono unit) before coupling
reaction shows low melting temperature at around 74°C, the DEBC and
DPBC show high melting temperature at 189°C and 200°C.

In UV spectroscopies, the DEBC and DPBC showed similar absorption
spectra with the same UV absorption maximum value at about 353 nm.
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The bandgap energy of DEBC and DPBC are estimated to be 3.16eV and
3.19eV from the analysis of the absorption edge with a plot of (hZv) vs.
(ahv)?, where o, h, and v are absorbance, Plank’s constant, and the
frequency of light, respectively.

To investigate electrochemical kinetic behavior, the measured cyclic vol-
tammograms of DEBC and DPBC with the various scan rates (20mV/s
~200mV/s) are shown Figures 1 and 2. The peak potentials are gradually
shifted to higher potentials as the scan rate is increased. Also we have
observed very stable cyclic voltammograms of DEBC and DPBC with the
consecutive scan (up to 100 cycles) indicating these two materials have
relatively stable redox process.

In Figure 1, the oxidation of DEBC occurred at 0.56V and 0.8V
(vs. Ag/Ag™)and the reduction also at 0.47 Vand 0.72V, where the carba-
zole unit might be oxidized and coupled each other irreversibly to form the
paired molecules of DEBC in the first scan [7]. The DPBC also shows the
reversible oxidation at 0.74V and 0.97V and reduction at 0.53V and
0.77V, respectively.

The redox current value gradually increased as the scan rate increased.
This result suggests that the electrochemical processes of DEBC and DPBC
are reproducible in the potential range of 0 ~2V vs. Ag/Ag".

It has been reported that the relationship between the redox peak
current and the scan rate can be expressed as a power law type as follows:
(7,8]

Ipq = kv (1)
log i, =logk + xlogv 2)

where 1, , = oxidation peak current density, v = scan rate, £ = propor-
tional constant, and x = exponent of scan rate.

Assuming that electrode kinetics satisfies Eq. (1), the electrochemical
redox reaction on the electrode is controlled by either the electron transfer

FIGURE 1 Cyclic voltammograms of DEBC with various scan rate (0.1M
(n-Bu)4NBF,/Acetonitrile). (a) 20mV/sec (b) 50mV/sec (c¢) 100mV/sec (d)
200mV/sec.
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FIGURE 2 Cyclic voltammograms of DPBC with various scan rate (0.1M
(n-Bu) 4 NBF,/Acetonitrile). (a) 20mV/sec (b) 50mV/sec (c) 100mV/sec (d)
200mV/sec.

process, where x = 1, or the reactant diffusion process, where x = 0.5
[7,9].

Relations satisfying Eq. (2) between the oxidation current density
(log 7, 4) and the scan rate (log v) are shown in Figure 3.

The oxidation current density of DEBC and DPBC versus the scan rate is
approximately linear relationship in the range of 20 ~ 200 mV/sec. The
exponent of scan rate, x, values of DEBC are found to be 0.28 and 0.27
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FIGURE 3 Plot of log ,,, vs. log v for (a) DEBC and (b) DPBC.
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and the «x values of DPBC are 0.23 and 0.24, respectively. These values are
smaller than the one of electroactive materials.

Further studies on synthesis and electro-optical properties of dimer and
trimer are under way.
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