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Abstract— Polymerization of (O-tolidine), as ring substituted derivative of benzidine was achieved electro-
chemically in organic solution containing BuyNBF, (0.2 M) in dichloromethane as supporting electrolyte.
The film was obtained by electropolymerization in solution containing monomer in various ratio ((5 x 10~%)—
(5 x 1072) M). This polymer was characterized by cycling voltammetry, impedance measurement, UV-visible

and FT-IR spectroscopy.

INTRODUCTION

In the last twenty years, a great scientific attention
has been paid to electroconductive polymers such as
poly(acetylene)s, poly(thiophene)s, poly(pyrrole)s,
poly(aniline)s, etc. Polyaniline (PANI) is one of the
most intensively investigated conductive organic poly-
mers because of its interesting properties, e.g., high
levels of doping [1], catalytic activities [2], electro-
chromic nature [3], electrochemical redox behaviour
[4] and due to its possible use in technological com-
mercial applications [5] such as rechargeable batteries,
catalysis, corrosion protection, antistatic materials,
textile industry.

PANI can be easily prepared by several techniques
including chemically oxidative polymerization [6, 7]
electrochemically oxidative polymerization [8, 9],
plasma polymerization [10] and photoinduced elec-
tron-transfer photooxidative polymerization [11]. The
proprieties and applications of PANI were reviewed in
detail by Genies and al. [12].

The success of PANI has attached many investiga-
tors to study the synthesis and properties of the poly-
mers from aromatic diamines. Theses monomers are
very susceptible to oxidative polymerization via oxida-
tion of one or both amino groups to give linear poly-
mer [13]. Thus, Arsov and co-workers [14] have shown
that poly(2-methyl aniline) can be synthesized elec-
trochemically in various concentrations of acidic me-
dium. In the same way, electroactive polybenzidine
can be prepared by electrochemical oxidation of ben-
zidine in aqueous solution [15] and by thermal method
[16].

The electrochemical oxidation of polynuclear
amine in non-aqueous medium has been much less
studied. In this article, we report the electrochemical
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synthesis of poly(O-tolidine) and its characterization
using in particular cyclic voltammetry, UV-visible and
infrared spectroscopy.

CH,
e
H;C

3,3'-dimethyl-1,1'-biphenyl-4,4'-diamine (O-tolidine)

EXPERIMENTAL METHODS
Electrochemical measurements

Prior to the electrochemical polymerization, O-to-
lidine was purified by recrystallization in ethanol. Tet-
rabutylammonium tetrafluoroborate was recrystal-
lized in a mixture of water/methanol and dried at
100°C for 24 h; aluminium oxide was dried at 300°C
under vacuum for at least 24 h prior to use. Dichlo-
romethane was dried by refluxing over calcium chlo-
ride prior to use.

Table 1. Redox potentials and current densities of O-toli-
dine

Concentra- | Redox potential, mV Current derzlsity,
tion of mono- pA/em
mer, M It peak | 2" peak | 15t peak | 2" peak
5% 1072 203 786 90.23 | 131.30
102 113 666 22.04 40.65
5% 1073 98 650 15.51 27.61
103 124 628 6.12 10.8
5x 107 135 618 4.49 8.73
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Fig. 1. Cyclic voltammogram in dry CH,Cl, + 0.2 M
BuyNBF, (containing Al,O3) of O-tolidine 5 x 1073 M,

scanning between —0.5 and 0.8 V. Scan rate: 100 mV sl
E,,;, — E,ux: potential plage of electropolymerization.

E/mV vs Ag/(Ag"NO7) 0.1 M in CH;CN

Fig. 2. Cyclic voltammogram in dry CH,Cl, + 0.2 M
BuyNBF, (containing Al,O3) of O-tolidine 5 x 1073 M,

scanning between —0.5 and 0.65 V. Scan rate: 100 mV s~
Five cycles.
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E/mV vs Ag/(Ag"NO3) 0.1 M in CH,CN

Fig. 3. Cyclic voltammogram in dry CH,Cl, + 0.2 M
BuyNBF, (containing Al,03) of a film prepared previously

at 0.65 Vin dry CH,Cl, + 0.2 M BuyNBF, with 5 x 107 M
of O-tolidine. Scan rate: 100 mVs~1.
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Electrochemical experiments were performed us-
ing a Pt disk electrode (diameter Imm), a Pt wire in a
0.1 M AgNO;/CH;CN as reference electrode. Acti-
vated Al,O; was added into the electrolytic solution to
remove excess moisture. The electrochemical cell
used was of the three-electrode type with separate
compartments for the reference electrode and the
counter-electrode. It was connected to a PGZ301 Po-
tentiostat, interfaced to a PC.

All data were collected and analyzed using Volta-
master software. All solutions were deaerated by bub-
bling argon gas for a few minutes prior to electrochem-
ical measurements.

Spectroscopic measurements

IR spectra were recorded ex-situ using spectropho-
tometer FTIR-8201PC SHIMADZU by diffuse re-
flectance through the polymer mixed with KBr. The
optical absorption study of the product was carried out
using UV-Visible spectrophotometer (HeAiosa). The
UV-Visible spectra were obtained ex-situ in DME All
the spectra were recorded in the wavelength range
200—600 nm.

RESULTS AND DISCUSSION
Anodic oxidation of O-tolidine

Anodic oxidation of O-tolidine was carried by cy-
clic voltammetry. The potential of the working elec-
trode is scanned between —0.5 and 0.8 V at 100 mV/s
in solution containing O-tolidine at different ratio of
concentration ((5 x 1079)—(5 x 1072 M) in
CH,Cl,/Bu,NBF, (0.2 M).The redox potentials and
current densities of the two observed peaks are sum-
marized in Table 1.

The lower potential corresponding to the first an-
odic peak is observed with 5 x 10~ M of O-tolidine.
There is no regular relationship between the oxidation
potential value and measuring conditions [13], this in-
dicating that the first oxidation potential is an easily
variable and instable parameter; on the contrary, the
current intensities increase normally with the concen-
tration of monomer. The best and defined overall vol-
tammogram is obtained with 5 x 1073 M of O-tolidine
(Fig. 1).

Electrodeposition was performed by cycle potential
sweeping in the potential range between —0.5 and
0.65V, versus Ag/Ag* 0.1 M in CH;CN at a scan rate

of 100 mV s~! (Fig. 2) in non-aqueous solution using
Bu,NBF, (0.2 M) in dichloromethane as supporting
electrolyte.

The oxidation occurs in two steps: a first wave E1 at
0.098 V followed by a second one E2 at 0.65 V. The first
wave El shifts at less anodic potentials after the first
scan and is associated at the formation of radical-cat-

ion (M'*) which, after a rapid coupling with another
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Fig. 4. Nyquist plot for Pt/poly(O-tolidine) at 0.55 V (vs. Ag/Ag" 0.1 M in CH3CN) in a 0.2 mol/1 of BuyNBF,/ CH,Cl,.
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Fig. 5. (a) logZ—logm plot, (b) phase angle—logo plot for Pt/poly(O-tolidine) at 0.55 V (vs. Ag/Agt 0.1 M in CH3;CN) in a

0.2 mol/1 of BuyNBF,/ CH,Cl,.

radical-cation and deprotonation gives the dimer (D).
The dependence of the first peak potentials on the log-
arithm of the scan rate at moderate to relatively high
scan rates indicates that the disappearance of the elec-
trogenerated species corresponds to the coupling of
two cation radicals [17]. The second wave E2 would
correspond to the oxidation of the dimmer.

M = M**

ot

2M** D

D=~ D
2D** — polymer

Scanning potentials between —0.5 V and 0.65 V
shows a regular decrease in response of the first wave
and a growth of a new redox system between 0.2 V and
0.6 V. Otherwise when scanning is performed up to
0.8V, a dark thick deposit film is observed and the re-
turn voltammetric response is poor. In the next scans,
the waves have strongly decreased and this is explained
by the formatting of non-conductive film in this po-
tential range.
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Polymerization occurs also during fixed potential
oxidations (£ = 0.65 V). The resulting blue-black
coated platinum electrode is thoroughly rinsed with
water and cycled between —0.5 et 0.53 V in electroac-
tive solution free of monomer until a steady cyclic vol-
tammogram is obtained. The film has a redox poten-
tial of +0.48 V as showing in Fig. 3.

Electrochemical impedance spectroscopy

This technique can be used to check whether elec-
trode surface is modified or not. All data were obtained
for poly(O-tolidine)-coated platinum electrode at fre-

Table 2. Ohmic resistance, charge transfer resistance and
capacity data for Pt/poly(O-tolidine) obtained from elec-
trochemical impedance spectroscopy measurements
at 0.55V (vs. Ag/Ag* 0.1 M in CH5;CN) in a 0.2 mol/L
of BuyNBF,/CH,Cl, with 5 x 1073 M of O-tolidine

Double-layer Charge transfer | Ohmic resistance
capacity Cy resistance R, of the cell R,
3.25 mF/cm? 22.86 kQ cm? 743.2 Q) cm?
TOM 53 Ne 1 2011
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Fig. 6. Equivalent circuit with mixed kinetic and charge transfer control.
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Fig. 7. Formation of poly(O-tolidine).

quency varying from 0.1 Hz to 100 kHz in CH,Cl, so-
lution containing 0.2 M Bu,NBF,, at potential corre-
sponding to the range of p-doping processes (example:
E=0.55V). For amodified electrode, the Nyquist plot
(imaginary impedance Z" vs. real impedance Z')
shows three characteristic parts of the spectra: semi-
circle with Z axis intercept in the higher frequency
range (R,) due to charge transfer, a short transition re-
gion that looks like the Warburg one due to diffusion
impedance at the electrode-electrolyte interface and a
straight line at low frequencies [18, 19].

The values of the ohmic resistance (R,) and the
charge transfer resistance (R,,) are obtained by the in-
tercept of the curve with the real axis at the higher-fre-
quency and lower-frequency area respectively Fig. 4.

Table 3. FTIR spectroscopy data of O-tolidine and poly(O-
tolidine)

Assignments
for IR absorption bands cm™! Vibrations
O-tolidine | poly(O-tolidine)
734—883 663—820 C—H out-of-plane
deformation
— 919—1105 | BF, doping species
1379 1371-1397 CH; group symmetric
deformation
1452—1491 1521 C=C stretching
- 1568 NH-NH deformation
1624 1624 N—-H
2933 2871-2960 Aromatic C—H
stretching
3014—3747 3246—3851 Alkyl C—H stretching
3337—-3468 — N-H stretching
— 3377 Single N—H stretching
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Capacity value (C,) is calculated from the relation
[20]:
Cau=1/Q2nfZ")

Both plots (log|Z] and phase angle ¢ vs. logm) of
poly(O-tolidine) films are shown in Fig. 5.

The equivalent circuit (Fig. 6) corresponds to an
electrode with a double-layer capacity C, and simulta-
neous electrode reaction with charge transfer resis-
tance R,,.

The circuit models a cell where polarization is due
to a combination of kinetic and diffusion processes. A
measured data are summarized in Table 2.

Infra-red spectroscopy

The FT-IR spectroscopy of O-tolidine and poly(O-
tolidine) is performed in a KBr mixed powder. The IR
band positions of the poly(O-tolidine) are shown in
Table 3.

The most of monomer bands have been conserved
in the polymer spectrum. However, a band at 3336.6—
3467.8 cm~! on the monomer spectrum ascribed to the
NH, elongation nearly disappears and is replaced by a
band at 3377 cm™! attributed to the N—H stretching of
the polymer structure. This fact suggests that the NH,
groups take part in the electropolymerization (Fig. 7).
Furthermore, on the p-doped poly(O-tolidine), the

band at 1031cm™! is associated to the BF, doping spe-
cies vibration.

UV-visible spectroscopy

Figure 8 shows UV-visible spectra of O-tolidine
and p-doped poly(O-tolidine) recorded in DMF at
room temperature. The monomer spectrum indicates
one band centred at about 300 nm assignable to the
T—7* transition biphenyl moiety in the structure. Po-
ly(O-tolidine) spectrum is dominated by two broad ab-
Ne 1
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Fig. 8. UV-visible of: (a) 1074 M of O-tolidine, (b) p-doped
poly(O-tolidine).

sorption bands, at 300 nm (band 1) and 460 nm
(band 2).

According to the general practice of band assign-
ment, peak 1 is attributed to the m—m* transition of the
biphenyl moieties in the poly(O-tolidine) structure or
simply to the band gap of the polymer [21]. Band 2 is
associated to the p-doped state of the polymer.

CONCLUSIONS

Electropolymerization of the O-tolidine was per-
formed successfully in organic media containing a dry
CH,Cl,and 0.2 M Bu,NBF,. The cyclic voltammetry
confirms clearly the formation of an electroactive
poly(O-tolidine) with a positive doping and a reaction
mechanism starting by coupling of two cation-radicals
to form a dimmer. The electrochemical impedance
spectroscopy (EIS) is a powerful tool providing a lot of
information about the electrochemical characteristics
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of the subject being examined like double layer capac-
ity, charge transfer resistance and solution resistance.
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