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Abstract Cyclic voltammetry (CV) has been used to
investigate the electrochemical behavior of three arylene
vinylene oligomers containing triphenylamine and carba-
zole units at the ends. The synthesis of oligomers was per-
formed wusing Wittig reaction conditions, between
4-formyltriphenylamine or 3-formyl-N-hexyl-carbazole and
two diphosphonium salts. The cyclic voltammograms,
recorded in anodic range of potentials, revealed that the
oligomers undergo quasi-reversible or irreversible redox
processes. Polymer films were deposited on Pt electrode by
CV and CPE (Controlled Potential Electrolysis) methods.
The polymer films obtained by electrochemical polymeri-
zation methods show no solubility in all organic solvents and
present similar FT-IR data with those polymers synthesized
by chemical oxidative polymerization. Characterizations
of the oligomers were made by 'H-NMR spectroscopy,
UV-Vis and fluorescence spectroscopy. Due to the lack of
their solubility, the polymers obtained by electrochemical
methods were characterized only by FT-IR spectroscopy.

Keywords Arylene vinylene oligomers - Triphenylamine
and carbazole derivatives - Cyclic voltammetry -
Anodic oxidation - Electrochemical polymerization

1 Introduction

The last years are witness to the development of conjugated
arylamine oligomers and polymers as an important class of
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electro and photoactive materials, investigated both in aca-
demic and industrial laboratories [1-5]. The real interests for
conjugated oligomers emerge from interesting application
such as active components in organic electronic or electro-
chemical devices [6, 7]. The advantage of using small con-
jugated compounds is based on the possibility of tuning their
physical properties by changing the chemical structure, e.g.,
by introduction of side substituent groups, end-capping
groups, insertion of certain specific functional groups, and
by increasing the oligomer length. Thus, conjugated oligo-
mers are used as model compounds for conducting polymers
since their monodispersity, defectless structure, and a better
supramolecular organization in the solid state facilitate
experimental and theoretical investigations [8].

During the last years, much attention has been paid to
triphenylamine (TPA) and carbazole compounds because of
their electron donating and hole-transporting properties
which can facilitate the charge transport of the electrons and
holes, making these compounds promising candidates for
photo- and electroluminescence devices [9-12]. It is well
known that the central amine nitrogen atom is responsible
for this behavior, and thus, arylamines are commonly used
as photoconductors in the Xerox process, in laser printers
and photocopiers [13—15]. From the structural point of view,
carbazole molecules differ from diphenylamines by their
planar structure, since it can be further imagined as bonded
diphenylamine in orfo-positions of phenyl rings, which
increase the thermal stability of carbazole-containing
materials. When acceptor groups are introduced in the 3-
and/or 6-positions, the intercharge transfer is induced.
Introduction of vinyl, acetylene, or azomethine moieties in
arylamine may lead to new functional materials based on
synergistic effect of both of them.

Triphenylamine is a well-known molecule that pos-
sesses useful functions such as redox activity, fluorescence,
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ferromagnetism due to the high oxidizability of nitrogen
center and hole-transporting properties via radical cation
species [16]. Owing to the noncoplanarity of the three
phenyl substituent, TPA derivatives can be viewed as 3D
systems and the combination with linear n-conjugated
systems could be expected to lead to amorphous materials
with isotropic optical and charge-transport properties.

Electrochemical behavior is an important part of the
optimization process based on investigation of structure—
activity relationships. This is due to its redox potentials
which may give some ideas about the bonding capability of
the compounds to another system via donor—acceptor type
interactions. For years, it has been known that energies of
the highest occupied (HOMO) and lowest unoccupied
(LUMO) levels of a chemical system can be correlated
with the corresponding redox potentials, measured by CV
in non-aqueous solvents [17, 18]. So, anodic peak potential
(Eox) is that potential at which one or more electrons are
transferred, preferentially from the HOMO level of the
molecule to the anode. This process is called anodic
oxidation.

The chemical oxidative polymerization (using FeCls) of
TPA derivatives like 4-alkyl [19, 20], 4-nitro, or —CN tri-
phenylamine [21], di(1-naphthyl)-4-anisilamine [22], and
di(1-naphthyl) p-tolylamine [23] has been reported. The
obtained polymers have relative high molecular weights,
are easily soluble in organic solvents, and can be processed
in free-standing films with good thermal stability. There-
fore, arylamine derivatives having at least one free para
position for encatennation can be used as monomers in
chemical or electrochemical oxidative polymerization.

The aim of this article is to report the synthesis and to
describe the electrochemical behavior of three arylenevin-
ylene oligomers based on triphenylamine or N-hexylcar-
bazole units: 1,4-bis [4-(N,N'-diphenylamino) phenylvinyl]
benzene (I), 1,4-bis[4-(N, N'-diphenylamino) phenylvinyl]
biphenyl (II), 3,3'-bis (N-hexylcarbazole)vinylbenzene
(IID). As well, we report the electrochemical polymerization
of these oligomers and oxidative polymerization reaction of
the oligomer II. The electronic properties of these new
compounds have been analyzed by FT-IR spectroscopy,
UV-Vis absorption and fluorescence emission spectroscopy,
and cyclic voltammetry (CV).

2 Experimental
2.1 Materials
Triphenylamine, carbazole (Aldrich), and phosphorus oxy-

chloride (Fulka) are commercial products and were used as
received. The diphosphonium salts were obtained employing 1,
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4-bis (chloromethyl) benzene or 4,4'-bis(chloromethyl)
biphenyl (both from Aldrich) and tributyl phosphine. N,N'-
Dimethylformamide (DMF) and other solvents (all from
Aldrich) are commercial products and were used as
received or dried by usual methods and distilled under
reduced pressure. Tetrabutylammonium tetrafluoroborate
(BuyNBF,) was synthesized by neutralization reaction of
tetrabutylammonium hydroxide solution (40%) with fluo-
roboric acid (40% solution) (both from Fluka) and recrys-
tallized twice from ethyl acetate and then dried in vacuo
prior to use.

2.2 Instrumentation

The FT-IR spectra were recorded in KBr pellets on a
Digilab-FTS 2000 spectrometer, while UV—-Vis absorption
spectra and fluorescence measurements were carried out in
CH,Cl, solution, on a Specord 200 spectrophotometer and
Perkin Elmer LS 55 apparatus, respectively. 'H-NMR
spectra were recorded at room temperature on a Bruker
Avance DRX-400 spectrometer (400 MHz) as solutions in
CDCl;, and chemical shifts are reported in ppm and refer-
enced to TMS as the internal standard. Differential scanning
calorimetry (DSC) measurements were performed with a
Mettler DSC-12E apparatus under nitrogen atmosphere.

The electrochemical studies were carried out with a
Bioanalytical System, Potentiostat—-Galvanostat (BAS
100B/W). The electrochemical cell was equipped with three
electrodes: a working electrode (disk shape, ® = 1.6 mm),
an auxiliary electrode (platinum wire), and a reference
electrode (consisted of a silver wire coated with AgCl). In
order to obtain sufficient amount of polymers for charac-
terization, a Pt plate with surface area of 1.0 x
0.5 cm? was employed as working electrode. The reference
electrode (Ag/Ag™") was calibrated at the beginning of the
experiments by running the CV of ferrocene as the internal
standard in an identical cell without any compound in the
system (Egcpe. = 0.46 V versus the Ag/AgCl). Cyclic
voltammograms of oligomers were recorded in degassed
dichloromethane solution containing tetrabuthylammonium
tertafluoroborate (BuyNBF,) as electrolyte. All the mea-
surements were performed at room temperature (about
25 °C) under nitrogen atmosphere.

2.3 Monomers and oligomers synthesis

4-Formyltriphenylamine (1) was synthesized by formyla-
tion reaction of triphenylamine using POCI;/DMF reagent,
as is described in the literature [24].

N-Hexyl-3-formylcarbazole (2) [25] was synthesized by
alkylation of carbazole with n-hexyl bromide followed by
formylation with POCI;/DMF reagent.
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2.3.1 General procedure for Wittig reaction

In a 50-mL two-neck flask, equipped with a magnetic stirrer,
0.204 g (0.375 mmol) of 4-formyltriphenylamine (1) and
15 mL of chloroform were added. Then 0.217 g
(0.187 mmol) of diphosphonium salt (3) or (4), dissolved in
15 mL ethanol was added. A solution of sodium ethoxide
(9.01 mmol) was freshly prepared and added to the mixture
dropwise. The resulting reaction mixture was stirred at room
temperature under nitrogen atmosphere for 12 h. The obtained
precipitate was filtered off and washed with ethanol. After
several purifications by precipitation in methanol from toluene
solution, the oligomers were obtained as yellow powders with
strong green-yellow fluorescence in diluted solution.

1, 4-bis [4-(N, N'-diphenylamino)phenylvinyl] benzene
(I) resulted in 94% yield, and its structure was confirmed
by "H NMR and FT-IR spectroscopy.

1,4-bis [4-(N, N'-diphenylamino)phenylvinyl] biphenyl
(II) resulted in 79% yield according to the procedure
reported for I, and its structure was confirmed by 'H NMR
and FT-IR spectroscopy.

3, 3/-bis (N-hexylcarbazole)vinylbenzene (III) was syn-
thesized in the same way as for I and II. A yellow crystalline
powder with 95% yield was obtained.

3 Results and discussions

The synthesis of the intermediates and the target molecules
are depicted in the Schemes 1 and 2, respectively. First,

POCIL/DMF
A, — . AR sCHO
24 h, 85% 80°C =

Scheme 1 Monomer synthesis
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under Vilsmeier—Haack conditions, the aldehyde group
was introduced at 3-position of N-hexylcarbazole and para
position of one phenyl group of triphenylamine molecule
(Scheme 1). The small conjugated compounds containing
triphenylamine or carbazole at both ends were synthesized
under Wittig reaction conditions.

Thus, by coupling 2 mol of monoaldehyde (1) or (2) with
1 mol of phosphonium salt of 1,4-bis(chloromethyl) ben-
zene (3) or 4,4’-bis(chloromethyl)biphenyl (4) (Scheme 2)
led to 1,4-bis[4-(N, N'-diphenylamino)phenylvinyl]benzene
@), 1,4-bis[4-(N,N'-diphenylamino)phenylvinyl] biphenyl
(II) or 3,3’-bis(N-hexylcarbazole)vinylbenzene (III). These
derivatives are oligomers having an arylene vinylene struc-
ture with two TPA or carbazole terminal groups.

Having unsubstituted positions (para- for I and II or
3- for III), which are active for encatennation, these
compounds can be considered as monomers in chemical
and electrochemical oxidative polymerization. All com-
pounds were purified by repeated precipitations of toluene
solution in methanol to give bright yellow powders with
strong fluorescence.

Spectroscopic methods such as FT-IR, '"H-.NMR, UV—Vis,
and photoluminescence spectroscopy, were used to identify
the structures of these oligomers and the spectroscopic data
are summarized in Tables 1 and 2. From the FT-IR data can
be observed the characteristic absorption peaks for trans-
arylene vinylene derivatives.

In the wavelength range from 237 to 600 nm, several
absorption peaks appeared, while almost no linear
absorption was observed beyond 450 nm. These oligomers
have appropriate values of absorption and emission peaks
in the case of carbazole oligomer, and the absorption peaks
are much broader. The absorption peaks located at 412,
402, and 369 nm can be assigned to electronic -7 tran-
sition of all conjugated backbone.

The blue shifting of absorption maxima of II with respect
to I, observed in the UV spectra, can be distinguished as well
in PL spectra, and this may be explained by the decrease in
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Scheme 2 Synthesis of arylenevinylene oligomers based on triphenylamine and carbazole moieties, using Wittig reaction condition
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Table 1 'H NMR and FT-IR data of oligomers

Oligo- '"H NMR data (5 ppm, CDCl5)

FT-IR (cm™', KBr pellets)

mer
I f__e 3023-2920 (6 = C-H)
eQd d__c b 1598, 1492 (v C—C monosubstituted phenyl)
( N g a - 1589 (C=C, conjugated phenyl group)
dq L d ¢ ‘%—@—Cc 1328 (0 C-N stretching vibration)
¢ . a ]?[_Q_N 960 (out-of-plane bending vibration of
f ¢ @ HC=CH trans)
827 (y CH p-substituted benzene ring)
697-695 (0 C-H phenyl rings)
7.469 (s, Hy, 4H), 7.399-7.378 (Hy, d, 4H, J = 8.4 Hz), 7.282-7.243 (H. + Hy, t, 8H,
J = 8.4 Hz), 7.123-7.090 (Hy, 8H, J = 7.6 Hz), 7.062-6.96 (H. + Hf, m, 12H)
II f_e 3028-3020 (6 = C-H)
eQd d_c b 1591 (v C—C monosubstituted phenyl)
((l N }C{“ a " Q 1586 (C=C, conjugated phenyl group)
e @d 4 c ](_3[ C‘b C . 1316 (-C-N stretching vibration)
e a H 962 (out-of-plane bending vibration of
HC=CH trans)

821 (y CH p-substituted benzene)
7.56-7.844 (Ha + Hb, dd, 8H, J = 8.4 Hz), 7.412-7.39 (He, d, 4H, J = 8.8 Hz), 697 - 695 (5 C—H benzene)
7.281-7.242 (Hd + H4, d, 8H, J = 8.0 Hz), 7.125-7.105 (He, d, 8H, J = 8.0 Hz),
7.083-7.004 (Hf+ Hg, m, 12H).

111 3435 (0 = C-H)

2956, 2856 (v N-C), 1598, 1491, 1477 (v C-C
monosubstituted benzene)

1351 (=C-N) 962 (out-of-plane bending
vibration of HC=CH trans)

814 (y CH p-substituted benzene ring)
1154 (—C-N stretching vibration)

8.26 (1H, H;), 7.69 (1H, Hy, J = 8.4 Hz), 8.16 (1H, H,), 7.50 (1H, Hy), 7.42 (1H, Hy),
7.38 (1H, H,), 7.23 (1H, Hy), 7.36 and 7.18 (2H, H, and Hy), 7.58 (4H, H,), 4.28 (2H, -
N-CH,), 1.88 (2H, —CH,-), 1.31-1.43 (6H, —(CH.)3), 0.89 (3H, t, -CH,)

conjugation length due to noncoplanarity of II. From the
point of view of light-emitting material applications, this
behavior of II can be considered an advantage because the
electroluminescent materials have to be thermally stable, to
present a low tendency for aggregation and excimer forma-
tion, crystallization, and destruction. The carbazole deriva-
tives exhibit a blue-yellow fluorescence in methylene
chloride solution, and the triphenylamine compounds have a
green-yellow fluorescence.

Increasing the molecular weight should increase the
glass-transition temperature, and the DSC analysis of the
oligomers confirms this affirmation. The DSC curves were
recorded at a heating rate of 15 °C/min from 20 °C (initial
temperature) to 280 °C (final temperature) (Fig. 1). In the
first scan, in the case of all oligomers, the DSC measure-
ments revealed endothermic peaks associated with melting
process. For derivative I, an endothermic peak can be
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Table 2 Optical data for oligomers

Oligomer e’ (nm)? A08% (nm)* E, (eV)®
| 310; 412 472 2.68
1I 308; 402 465 2.75
III 244, 310; 396 472 2.78

% Measured in diluted CH,Cl, solution
® Obtained from UV-Vis spectra: E, = 1240/ 2nse

observed at 212 °C, which can be assigned to the melting
process. The isotropic liquid was then quickly cooled when
an amorphous glass is formed. In the DSC curve, during
the second heating scan the glass-transition process (7)
can be observed. This is located at 85 °C, followed by a
crystallization process, and the melting temperature peak
appeared at 210 °C.
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Fig. 1 Thermal behavior of oligomers (the first heating run),
determined by DSC analysis

Oligomer II exhibits two melting temperature peaks
located at Ty,,; = 209 °C and Ty, = 225 °C, probably due
to two crystalline states being present. The crystallization
temperature is situated at 155 °C. In the second scan, the
T, was observed at 105 °C, but the melting process dis-
appeared due to the oligomer not being crystallized after
cooling and remaining in an amorphous state. The
absence of the crystallization process can be explained
from the structural point of view. The two phenyl rings
from the biphenyl central unit of II are twisted with a
dihedral angle to one another due to sterical hindrances
between ortho-hydrogen atoms. The non-planarity of the
molecule explains why crystallization is a very low-rate
process and the formation of glass state by cooling.
Therefore, the oligomer II can be used in vacuum depo-
sition technique for processing it into thin films for OLED
applications due to its slow rate of crystallization process.
Carbazole oligomer (III) exhibits a crystallization process
at 115 °C and a melting process, T, = 170 °C. These
results show that these compounds are not stable at higher
temperature.

3.1 Electrochemical studies
In addition to thermal stability and the ability to form

amorphous films, the electrochemical stability is another
condition to be fulfilled by electroactive materials in order

to find applications in various electro-optical devices. CV
is a very useful method which reveals the electron transfer
during the electropolymerization and also examines the
electroactivity of the polymer films. The oxidation and
reduction process can be monitored in form of a current—
potential diagram [26]. We applied this method for all three
oligomers, and the CVs were recorded in the anodic
potential range between 0.0 and 1.8 V. No oxidation was
seen on the anodic scan up to a potential of 1.8 V. All the
CVs were recorded maintaining the same conditions: sol-
vent, scan rate, concentration of the monomers and salt,
and anodic potential range.

In Fig. 2, the CVs of I are presented in methylene
chloride solution, obtained during the successive scans
between 0.0 and 1.8 V versus Ag/AgCl. On the first anodic
scan, two oxidation peaks can be clearly distinguished at
E,1 = 0.88 Vand E,,, = 1.08 V and two reduction peaks
located at E,.q; = 0.94 V and Eq» = 0.77 V.

The CVs are quasi-reversible, and oxidation peaks are
associated with the loss of two electrons obtaining unstable
cation radicals. In the next steps, these cation radicals react
either with other cation radicals or with neutral parent
molecule. In the CVs of I, two cathodic peaks can be
assigned to the reduction of the oxidized species presented
in the solution. During the repetitive scanning of CVs of
compound I in the range 0.0 V-1.8 V, the first oxidation
peak (E,x;) disappears with increasing the number of scans
and the potential value for the second one (Ey,) is slightly
shifted in the positive direction. The same thing happened
with the reduction peaks, but the values of these peaks are
slightly shifted in the negative direction. In both cases, the
intensity of the current increases with the number of scans;
this indicates that a new electroactive structure is formed
and deposited on working electrode. Such a behavior has

x16° dark gre
1o ‘iox /‘\
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L 00 Figes
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E(V)vs Ag/AgCl

Fig. 2 Cyclic  voltammograms  for  1,4-bis[4-(N,N'diphenyl-
amino)phenylvinyl]benzene (I), 2 x 102 M, using BuyNBF,, as
support electrolyte, 2 x 107" M. Scan rate: 50 mV s™' between 0.0
and 1.8 V versus Ag/AgCl
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already been described by Ambrose and Nelson [27] during
the anodic oxidation of N-ethylcarbazole in solution, which
corresponds to the formation of the 3,3’-dimer. Finally, at a
higher number of scans, only one oxidation peak appears,
which is shifted to more positive potential values. There-
fore, during the oxidation processes of oligomer I, a green
color polymer film is formed on the platinum electrode
surface. The oligomer II exhibits three oxidation peaks and
one detectable reduction peak on the reverse scanning
(Fig. 3).

In general, increasing the chain length involves a higher
electronic delocalization which may cause differences in
redox behavior of the derivatives. Thus, in the case of
oligomer II having two phenyl rings, we expect to present
different anodic and cathodic behavior than oligomer
I. Therefore, the CVs (recorded vs Ag/AgCl) of oligomer
II, three anodic peaks can be observed at E,; = 0.96 V,
E,, =104V, and E, .3 =125V, and on the reverse
scanning, only one reduction peak was observed at
Eq = 0.96 V.

The oxidation peaks are very broad and do not have a
well-defined shape. This may be caused by introducing the
biphenyl into the arylene vinylene structure, which
increased the m-conjugation length. The first two oxidation
peaks are irreversible. By increasing the number of scans,
only one oxidation peak appears and the peak potential
values are slightly shifted in the positive direction. By
scanning in the opposite direction the values of the
reduction peak are shifted in negative direction with
increasing the number of scans. In both cases the intensity
of the peak current increased regularly during the succes-
sive scans (Fig. 3). Finally, we obtained a green-dark
polymer film deposited on the Pt plate electrode.

xl(55
1.0

0.56

0.12

-0.31

-0.75

0.0 0450 0900 1350 1800
E(V) vsAg/AgCl

Fig. 3 Cyclic voltammograms for 1,4-bis[4-(N,N'-diphenylamino)phe-
nylvinyl] biphenyl (II), 2 x 107> M, using Buy;NBF,, as support
electrolyte, 2 x 107" M. Scan rate: 50 mV s~ between 0.0 and 1.8 V
versus Ag/AgCl
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The carbazole oligomer (III) exhibits irreversible CVs,
presented in Fig. 4. The first scan (dotted line) revealed three
oxidation peaks and two reduction peaks. First oxidation
peak, occurring at E,; = 0.82 V, is irreversible and is
caused by the formation of the cation radical which follows
the typical ECE mechanism, like triphenylamine deriva-
tives. The further oxidation process revealed two anodic
peaks at Eo, = 1.03 V and E 3 = 1.49 V. This can be
attributed to the dimerization process. On the reverse
scanning, two reduction peaks can be observed located
at Eeq; = 1.26 V and E.qo = 090 V, which are very
broad.

Recording the CVs by running a higher number of scans,
the oxidation peaks are shifted to more positive potentials.
It can be observed that the intensity of these peaks
decreases with increasing the number of scans. Finally, at
the 15th scanning, some of the peaks disappeared and two
new oxidation peaks appear at 1.04 and 1.56 V. No poly-
meric film was obtained on Pt plate electrode by recording
a repetitive CVs scanning. This can be explained by the
presence of the C¢H,3 substituent attached at the nitrogen
atom of carbazole units, which confers to the obtained
polymer a good solubility in methylene chloride.

According to the correlation which can be done,
between HOMO and LUMO energy levels and redox
potentials, the value of the energy levels can be calculated
from CVs using the onset values of the oxidation and
reduction peaks. The onset values are estimated from the
intersection of the two tangents drawn at the rising oxi-
dation (or reduction) current and the background current in
the CVs. According to Li et al. [28], the E° of the redox
couple Fc/Fct, measured in Buy,NBF, methylene chloride
solution, is equal to 0.46 V versus Ag/AgCl, and

x1(55
0.25

1.800

E(V) vs Ag/AgCl

Fig. 4 Cyclic voltammograms for 3,3'-bis(N-hexylcarbazole)vinyl-
benzene (III), 2 x 107 M, using BuyNBF,, as support electrolyte,
2 x 107" M. Scan rate: 50 mV s~! between 0.0 and 1.8 V versus
Ag/AgCl
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Table 3 Electrochemical characteristics of oligomers

Oligomer E (V) versus Ag/AgCl oMt (V) versus Ag/AgCl Enomo (€ V) Erumo (e V) ES (e V) iredlion®
I 0.74 1.13 —5.08 —3.21 1.87 0.49

I 0.80 1.12 —5.14 —3.22 1.92 0.32
I 0.72 1.39 —5.06 —-2.95 2.11 0.15

a
E; = Enomo — ELumo
° ired/iox = the peak current ratio

the energy levels of oligomers (in electron volts, eV)
can be obtained by adding 4.34 V to the values of the redox
potential. Thus, Eyomo = —e (Eoxs' + 4.34) and Ep yvo =
—e (ESW + 4.34). The electrochemical data are summa-
rized in the Table 3.

According to their theoretical calculations, Wang et al.
[29] suggested that the central amine nitrogen atom is the
major contributor to the HOMO energy level, and the
phenyl rings, which are around the amine nitrogen atom,
are the major contributor for LUMO energy level. There-
fore, the values of both HOMO and LUMO energy levels
can be affected by the substituent of triphenylamine and
carbazole oligomers. Oligomer II has a biphenyl central
unit, which is not located in the same plane and is twisted
forming a dihedral angle between the two phenyl rings.
This may lead to an interruption of the m-conjugation of the
system that may cause a decrease in the HOMO energy
level value than for the other two oligomers. The lower
values of HOMO energy levels for oligomers III and
I suggest that these compounds possess a better hole-
injecting/transport capability compared to oligomer II.
Also, the orbital energy of LUMO decreases with an
increase in the number of phenyl units between two amine
nitrogen atoms.

It is well known that for reversible process yields, a peak
current ratio iS, ieq/iox, €qual to 1. From the data of these
experiments, the values of the peak current ration are less
than 1. Thus, we can say that the oligomer I undergoes a
quasi-reversible redox process and for the other two olig-
omers the redox process are irreversible.

3.2 Electrochemical polymerization

To obtain a large amount of polymer for characterizations,
we used a platinum plate with 0.5 cm? area and the same
experimental conditions, like in CV. The method that we
applied is Controlled Potential Electrolysis which consists
of maintaining a constant value for oxidation potential
during a precise time. The obtained polymer films are
insoluble in all solvents, and its structure could be analyzed
only by FT-IR spectroscopy.

The anodic oxidation of triphenylamine and its deriva-
tives was extensively studied starting from 1966 [30-34]. As
a conclusion of these studies, these oligomers fall in the

category of multi-step processes involving electrochemical-
chemical-electrochemical (ECE) reactions. In the first step a
cation radical is formed (TPA*™) by oxidation and this is not
stable and dimerizes to tetraphenylbenzidine. If all phenyl
groups of TPA derivative are tri-para-substituted, the only
reaction is the reversible one-electron transfer. In our case,
both derivatives of triphenylamine, I and II, have two free
para positions at every end. Therefore, their cation radicals
are unstable and could dimerize to form tetraphenylbenzi-
dine derivatives, and all process can be continued until
polymer films are deposited on electrode surface or at the
bottom of electrochemical cell.

The reaction mechanism for oxidative polymerization of
arylenevinylene oligomers is presented in Scheme 3.

The carbazole ring submitted to a positive potential in
an electrochemical cell is known to be oxidized to an
unstable cation radical. This disappears by coupling at the
3-position with another cation radical when two protons are
released [35].

4 Conclusions

Nitrogen-containing heterocycles are of special interest
because they form an important class of natural and non-
natural products, many of which exhibit useful biological
activities and unique electrical and optical properties. To
be candidates for the use in hole-transporting layers,
organic materials should possess properties such as good
electrochemical stability, a low ionization potential,
reversible redox behavior, and hole-transporting and hole-
injection ability. In addition, thermal and photo stability
and good film-forming properties are required. However,
these oligomers suffer from low thermal stability due to
their low glass-transition temperatures.

Cyclic voltammetry was carried out in order to obtain
information about the electrochemical stability and the
reversibility of the redox process of oligomers. All three
oligomers exhibit redox activity in the range of potential
0.0-1.8 V. All CVs were recorded using a three-cell elec-
trode, and the values of the redox peaks were measured
versus Ag/AgCl. Up to 1.8 V the oligomers do not suffer
any oxidation or reduction reactions. By increasing the n-
conjugation length which implies a higher electronic
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Scheme 3 Possible mechanism for (electro) chemical oxidative polymerization of arylenevinylene oligomers

delocalization, the redox behavior of the compound is
changing. The gap energy calculated using the CVs data,
showed that the oligomer II exhibited a slightly lower
value of E, than that of the other two oligomers. CVs data
showed that these oligomers undergo quasi-reversible or
irreversible redox process which gives us interesting data
about the stability of the cation radicals that are formed
during the process. After recording several CVs we
obtained a dark green polymeric film which is not soluble
in any organic solvents. Knowing the redox and chemical
data, the highest occupied (HOMO) and lowest unoccupied
(LUMO) energy levels of chemical systems can be easily
modified to lead to new and improved hole-transporting
materials. From the onset potentials of both oxidation and
reduction and using the classical equations, the LUMO and
HOMO energy were calculated.
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