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3,3'-Diaminobenzidine was covalently modified on the glassy carbon
electrode surface by electrochemical oxidation. Electrochemical and
spectroelectrochemical behaviours of 3,3'-diaminobenzidine were
investigated by cyclic voltammetry and electrochemical impedance spectro-
scopy (EIS). The modification of 3,3'-diaminobenzidine on the glassy
carbon electrode was performed in the -500 and +1500 mV potential
range with a scan rate of 100 mV s and 10 cycles. The presence of
3,3'-diaminobenzidine at the glassy carbon electrode surface was charac-
terized by cyclic voltammetry and electrochemical impedance spectroscopy.
Cyclic voltammetric studies indicate that the process was irreversible
and diffusion controlled.
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INTRODUCTION

Modification of the electrode surface is an important aim in electrochemistry.
In electrochemistry, carbon electrodes are widely used because of low background
current, low cost, wide potential window, speed, low equipment, chemical inertness
and minimum sample pretreatment required prior to analysis"?. Several forms of
solid state electrodes carbon suitable for eletroanalytical applications are available.
Among these glassy carbon electrode (GCE) and carbon paste electrode (CPE) are
popular. For modifying the carbon surface, there are mainly two methods through
free radical grafting; one is the electrochemical reduction of diazonium salts to
result in covalent attachment of aryl radicals onto the carbon surface®”. The other is
the electrochemical oxidation amine containing compounds to lead to amino cation
radical and subsequently form a carbon-nitrogen linkage on the carbon surface®’.

Cai and Khoo® reported the polymerization of 3,3'-diaminobenzidine in aqueous
acidic solutions at the solid substrate electrodes (platinum, gold and glassy carbon).
Optimum conditions of polymerization were investigated by anodic stripping
voltammetry®. Nateghi et al.’ reported the polymerization of 3,3'-diaminobenzidine
in aqueous as well as in some organic solvents. Moreover, polymer modified electrode
prepared in ethanol was used to collect and determined Se(IV). In present study,
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3,3'-diaminobenzidine was covalently modified on the glassy carbon electrode surface
by electrochemical oxidation. Electrochemical behaviours of 3,3'-diaminobenzidine
were investigated by cyclic voltammetry. The modification of 3,3'-diaminobenzidine
on the glassy carbon electrode was performed in the -500 and +1500 mV potential
range with a scan rate of 100 mV s and 10 cycles. The presence of 3,3'-diamino-
benzidine at the glassy carbon electrode surface was characterized by cyclic
voltammetry and electrochemical impedance spectroscopy.

EXPERIMENTAL

All the chemicals were of analytical-reagent grade from Fluka and Sigma-
Aldrich and were used directly without further purification. All solutions and supporting
electrolyte were used to prepare with 0.1 M TBATFB in acetonitrile. All electro-
chemical experiments were performed at room temperature (25 + 1 °C). A traditional
three-electrode cell system was used in all electrochemical experiments. Glassy
carbon electrode was used as a working electrode. Ag/Ag" (10 mM AgNO; in 0.1
M TBATFB) (BAS Model MF-2042) for non-aqueous media and a Ag/AgCl/3 M
KCI (BAS Model MF-2063) for aqueous media were used as reference electrodes.
Platinum wire counter electrode (BAS Model MW-1032) was used. Reference
electrodes calibrated to the Ei, of 1 mM ferrocene in 0.1 M TBATFB and 1 mM
hexacyanoferrate in 0.1 M H,SO,. Cyclic voltammetry and electrochemical impedance
spectroscopy techniques were performed using a GAMRY Reference PCI4/750
Potentiostat/Galvanostat/ZRA from Gamry Instruments (PA, USA) equipped with
a BAS model C3 cell stand. Electrochemical impedance spectroscopy experiments
were carried out with a Gamry Reference PCI4/750 potentiostat in conjunction
with electrochemical impedance spectroscopy 300 software. Electrochemical
impedance spectroscopy surface data were obtained in the 1 mM Fe(CN)s*"* redox
couple at the frequency range of 100.000-0.050 Hz at 10 mV wave amplitude.

Prior to each experiment, the glassy carbon electrodes were polished to a mirror-
like surface with 0.30 and 0.05 um of alumina slurry on a polishing cloth with
ultrapure water and then sonicated in an ultrasonic bath for about 5 min to eliminate
any trace of polishing paste from the surface in water and then in 1:1 (v/v) isopropyl
alcohol and acetonitrile (IPA + MeCN) (Aldrich) mixture for 5 min. Electrochemical
surface modification experiments were performed in the -500 and +1500 mV potential
range at a scan rate of 100 mV s™ with 10 cycles.

RESULTS AND DISCUSSION

The electrochemical behaviours of 3,3'-diaminobenzidine onto glassy carbon
electrode surface were investigated using cyclic voltammetric technique. 1 mM
3,3'-diaminobenzidine (in 0.1 M TBATFB in MeCN) was prepared and used in the
modification process. The modification of the 3,3'-diaminobenzidine to the glassy
carbon electrode surface was performed in the -500 and +1500 mV potential range
at a scan rate of 100 mV s with 10 cycles (Fig. 1). Three different irreversible
oxidation peaks were observed at 104.0, 247.7 and 1105.0 mV.
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Fig. 1. Cyclic voltammogram of glassy carbon electrode-3,3'-diaminobenzidine in MeCN
containing 0.1 M TBATFB, -500 and +1500 mV potential range on glassy carbon
electrode using 100 mV s with 10 cycle

After the modification of glassy carbon electrode, 1 mM ferrocene in 0.1 M
TBATFB and 1 mM Fe(CN)¢* in 0.1 M H,SO, were used for the electrochemical
characterization. Fig. 2(a-b) exhibits the voltamograms ferrocene and Fe(CN)s*,
respectively. For both of the redox probes, the redox reaction is completely blocked
on the modified electrode, whereas it has a well defined quasi-reversible redoxs
couple on the unmodified glassy carbon electrode electrode surface. When the
voltammogram obtained in ferrocene and hexacyanoferrate is overlayed with the
voltammogram obtained for bare glassy carbon electrode, it is clear that the modified
surfaces don't allow electron transfer.
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Fig. 2. Surface characterization voltammograms for bare glassy carbon electrode and glassy
carbon electrode-3,3'-diaminobenzidine surfaces using (a) 1 mM ferrocene redox
probe in 0.1 M TBATFB versus Ag/Ag® (0.01 M) reference electrode (b) 1 mM
Fe(CN)s* redox probe in 0.1 M H,SO, solution versus Ag/AgCI/KCI (sat) reference
electrode. Scan rate is 100 mV s
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To determine the probability of the surface modification of 3,3'-diaminobenzidine
only between -500 and +1500 mV, multiple cycles were performed by cycling back
from the last peak in the voltammogram. As it is clear from Fig. 3a, there is no
modification to the glassy carbon electrode surface between -500 and +600 mV.
This case was stated by using ferrocene redox probe in Fig. 3b. This case is an
important reference point in order to suggest a reaction mechanism of binding of
3,3'-diaminobenzidine to the glassy carbon electrode surface.
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Fig. 3. (a) Cyclic voltammogram of glassy carbon electrode-3,3'-diaminobenzidine in

acetonitrile containing 0.1 M TBATFB, -500 and +600 mV potential range on

glassy carbon electrode using 100 mV s with 10 cycle. (b) Surface characterization

voltammograms for bare glassy carbon electrode and glassy carbon electrode-3,3'-

diaminobenzidine surfaces using 1 mM ferrocene redox probe in 0.1 M TBATFB

versus Ag/Ag® (0.01 M) reference electrode

Electrochemical impedance spectroscopy was used to spectroelectrochemical
characterization. Fig. 4 shows the Nyquist plots for redox couple Fe(CN)¢"* solution
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Fig. 4. Nyquist plot for (a) bare glassy carbon electrode and (b) glassy carbon electrode-
3,3'-diaminobenzidine. Electrochemical impedance spectra of the redox couple
Fe(CN)s™™ solution in 0.1 M KCI at the frequency range of 100.000-0.050 Hz at
10 mV wave amplitude
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in 0.1 M KClI at the bare glassy carbon electrode and after modification of glassy
carbon electrode with 3,3'-diaminobenzidine. The bare glassy carbon electrode
exhibits a low frequency straight line with a very small semi-circle. 3,3'-Diaminobenzidine
modified glassy carbon electrode, there is a semi-circle at high frequency region,
implying that modified glassy carbon electrode surface depicts a blocking ability
for electron transfer reaction.

In order to find out the transfer of molecule to the GCE surface whether it is a
diffusion controlled process or not, 10, 25, 50, 100, 200, 300, 500 and 1000 mV s’
scanning rates were used in the -500 and +1500 mV potential range with one
cycle'™". The obtained voltammograms are depicted in Fig. 5a. The plots in Fig. 5b
were drawn by using the peak current obtained from Fig. 5a. log I, versus log v plot
in Fig. 5b gives a straight line. Having a straight line plot of log I, versus log v
prove that 3,3'-diaminobenzidine was carried to the glassy carbon electrode surface
by a diffusion controlled process.
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Fig. 5. (a) Overlaying cyclic voltammograms of different scanning rate for 10, 25, 50,
100, 200, 300, 500 and 1000 mV s and -500 and +1500 mV potential range. (b)
Plot of logarithm of peak current versus logarithm of scan rate, dependence of the
cyclic voltammetric response at a modified glassy carbon electrode on scanning
rate in 0.1 M TBATFB in acetonitrile

Conclusion

Electrochemical mechanism is suggested for the binding reaction of 3,3'-
diaminobenzidine to the glassy carbon electrode surface through amine oxidation
method. Here, amine was oxidized in the solution (electrochemical, E) and then
chemically (chemical, C) binded to the glassy carbon electrode surface through
covalent binding. It can be concluded from Fig. 2, peak at lower potential belongs
to oxidation of amino group and peak at higher potential belongs to the binding of
3,3'-diaminobenzidine to the glassy carbon electrode surface.

The important question at this point, after the modification was completed,
glassy carbon electrode surface was expected to be active due to three amino groups
on the 3,3'-diaminobenzidine. However, Figs. 3(a-b) and 4 show that the glassy
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carbon electrode surface is inactive after the completion of modification process.
This case can be explained as the binding of the cation radicals that were produced
from the oxidation process at the first cycle to the glassy carbon electrode surface.
At the second cycle, the amino groups on the monolayer were oxidized and then
the formed radicals in the solution dimerized with the formerly produced cation
radicals thus formed second layer. At the third cycle, the amino groups at the second
layer were oxidized and the dimerization took place. This process continued by
dimerization until obtaining a certain thickness. The decrease in the first peak
depended on it. As the layer got thicker, the amino groups at the surface were hardly
oxidized and the current got lowered and eventually became zero at the end. In
other words multiple layers formed at the glassy carbon electrode surface. Thus the
glassy carbon electrode surface became inactive. The result of this study also supports
the situation explained above.

ACKNOWLEDGEMENT

This study was financially supported by the Research Foundation of Selcuk
University, Konya-Turkey (BAP-09401118).

REFERENCES

1. J. Wang, U.A. Kirgoz, J. Mo, J. Lu, A.N. Kawde and A. Muck, Electrochem. Commun., 3, 203
(2001).

2. K. Fanta and B.S. Chandravanshi, Electroanalysis, 13, 484 (2001).

M. Delamar, R. Hitmi, J. Pinson and J.M. Saveant, J. Am. Chem. Soc., 114, 5883 (1992).

4.  P.Allongue, M. Delamar, B. Desbat, O. Fagebaume, R. Hitmi, J. Pinson and J.M. Saveant, J. Am.

Chem. Soc., 119, 201 (1997).

C. Bourdillon, M. Delamar, C. Demaille, R. Hitmi, J. Moiroux and J. Pinson, J. Electroanal.

Chem., 336, 113 (1992).

J. Liu, L. Cheng, B. Liu and S. Dong, Langmuir, 16, 7471 (2000).

X. Li, Y. Wan and C. Sun, J. Electroanal. Chem., 569, 79 (2004).

Q. Cai and S.B. Khoo, Anal. Chem., 66, 4543 (1994).

M.R. Nateghi, M.H. Mosslemin and H. Hadjimohammadi, React. Funct. Polym., 64, 103 (2005).

LE. Mulazimoglu and E. Ozkan, E-J. Chem., 5, 539 (2008).

A.D. Mulazimoglu, I.E. Mulazimoglu and B. Mercimek, E-J. Chem., 6, 965 (2009).

(98]

9}

e~ e

- o

(Received: 10 May 2010; Accepted: 5 August 2010) AJC-8958



