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The development of a simple and efficient method to 2-(2-nitrophenyl)-1H-benzimidazole (NB) electro-
chemical determination using a polymer film coated chemically modified electrode is described. A glassy
carbon (GC) electrode was modified employing an electro-polymerized film of 1-naphtylamine (1-NAP)
followed by an over-oxidation treatment in 0.2 M sodium hydroxide solution (poly-1-NAPox electrode).

The electrochemical behaviour of NB at the poly-1-NAPox electrode was investigated in a mixture
of 10% ethanol +90% buffer solution (pH 2) by cyclic voltammetry (CV) and square-wave voltamme-
try (SWV). The experimental results suggested that the poly-1-NAPox electrode had a good effect on
NB electrochemical response because it avoided the electrode surface fouling as a consequence of the
Poly-1-naphthylamine adsorption of NB reduction products, which was found when a bare GC electrode was employed as the
Over-oxidation working electrode. The NB cathodic current was dependent on the polymeric film over-oxidation degree
Electroanalysis ().

NB could be determined in the range from 2 x 107 to 5 x 10> M. The NB detection and quantification
limits were 5 x 10~7 and 1.7 x 106 M, respectively. The percent relative standard deviation of the peak
current to 10-replicated measurement using 1.2 x 10~> M NB solution was 1.4%. The method showed to
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be rapid, simple and with a good sensitivity.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The objective of NB synthesis is to develop new compounds
with potential biological activities. The benzimidazole nucleus
presents a wide spectrum of biological activities such as antipara-
sitic, antibacterial, antiviral and especially, antitumoral amongst
others [1,2]. In addition, NB has an aromatic nitro group in its
molecular structure, which is widely used as pharmaceuticals, pes-
ticides, etc. The presence of an aromatic nitro group in core 2
position allows NB physicochemical, electrochemical and spectro-
scopic characteristics different to the benzimidazole nucleus. These
properties could be used to develop precise, accurate and selective
new analytical methods to NB quantification and characterization.

NB has previously studied by spectroscopic and chromato-
graphic methods as part of the characterization five nitroarylbenz-
imidazole derivatives with activity against Trypanosoma cruzi: [2]
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and recently, has been electrochemically studied using differential
pulse polarography, tast polarography and cyclic voltammetry on
dropping or hanging mercury electrodes, respectively. In addition,
a differential pulse polarography method has been proposed for its
quantification [4].

The electrochemistry has a well-defined role in drug analysis.
Therefore, several electroanalytical methods have been developed
for this purpose. Moreover, solid electrodes are particularly inter-
esting due to their high sensitivity and versatility, with an useful
large potential window and different materials, which allow to
obtain several sensing units with distinct selectivity degree [5,6]. In
addition, they can be modified easily by different compounds and
technologies, which allow increasing their sensibility, selectivity
and to avoid surface fouling problems due to the reaction product/s
adsorption and favouring, in some cases, the reproducibility.

On the base of these results, our research group has sug-
gested the possibility of using chemically modified electrodes by
electrochemical polymerization of mono-nuclear or poly-nuclear
aromatic amines [7-11]. The good electroactive properties of these
polymers have allowed us to prepare sensors with a high degree of
selectivity and with a good reproducibility [12-16].
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Scheme 1. Chemical structure of NB.

On the other hand, conducting polymers are a natural choice
for preparing arrays of electrochemical sensors by considering
that their electrochemical properties can be modulated by intro-
ducing chemical modifications on these sensitive materials. In
addition, it is well known that the electrochemical properties of
the obtained polymeric films strongly depend on the synthesis con-
ditions. Therefore, different electrochemical options are available,
which allow the rapid and simple modification of the electrochem-
ical properties of the polymeric films [17].

We have recently reported a simple and effective method
to modify a GC electrode to get the desired properties [15]. In
that article, the determination of dopamine in the presence of
ascorbic acid with a good sensitivity using a chemically modi-
fied over-oxidized poly-1-naphthylamine electrode (poly-1-NAPox
electrode) was reported. The poly-1-naphthylamine (poly-1-NAP)
film was deposited on the GC electrode surface by continuous
electrooxidation of the corresponding monomer and then, it was
over-oxidized in an alkaline solution. Over-oxidation of the poly-
mer was the result of the attack of OH~ on the polymer units given
a higher negative charged density in the polymeric film, which
depend on the medium pH [15].

In this paper, the poly-1-NAPox electrode was used to NB deter-
mination. This methodology showed a fast experimentation time,
good suitability to NB analysis and an acceptable electrode lifetime.
The method analytical performance and the interaction between
poly-1-NAPox electrode and NB were investigated using CV and
SWV.

2. Experimental
2.1. Chemicals and reagents

NB (MW: 239.06 gmol~!, MP: 277-278.5°C), was prepared by
following a previously reported procedure [3,4,18,19]. The com-
pound purity was assessed by melting point, 'TH NMR, 13C NMR
and IR. Its chemical structure is shown in Scheme 1.

1-NAP from Merck p.a. was sublimated at 40 °C under reduced
pressure and kept under vacuum [7]. All the other reagents were
analytical grade and were used without further purification. The
phosphate buffer solutions pH 2 were prepared by mixing 0.1 M
KH,PO4 and 0.1 M H3POy4.

All solutions were prepared with ultrapure water from LAB-
CONCO equipment model 90901-01 (HPLC grade water). Stock
solutions of NB were prepared by dissolving the appropriate
NB amount in 10mL of ethanol. Working solutions were pre-
pared by accurate serial dilution from the stock solutions of NB
using a mixture of 10% ethanol+90% phosphate buffer solution
(pH 2).

The solutions used to obtain the poly-1-NAP were prepared by
weighing given amounts of 1-NAP and dissolved in an acidic sup-
porting electrolyte solution (HCIO4 solution at pH 1). Dissolved
oxygen in the solution was removed by bubbling with high purity

nitrogen and a nitrogen atmosphere was kept throughout experi-
ments.

2.2. Apparatus and procedure

Electrochemical measurements were carried out using an
AUTOLAB PGSTAT 30 potentiostat/galvanostat, run with GPES
software, version 4.9 (Eco Chemie, Utrech, The Netherlands). A con-
ventional three-compartment cell was used with a GC disk (BAS,
¢=3mm, A=0.071cm?) as the working electrode, a Pt foil as the
auxiliary electrode and an aqueous potassium saturated calomel
electrode (SCE) as the reference electrode. The working electrode
was polished with 0.3 wm alumina slurry, rinsed with a copious
amount of triply distilled water and then sonicated for 5min to
remove any residual polishing material. Then, the GC electrode
was activated electrochemically in 1 M NaOH aqueous solution by
applying a potential step from 0 to +1.2 V over 5 min according to
a procedure previously described by Anjo et al. [20].

In CV experiments, the scan rate (v) was varied from 0.01 to
5.0Vs~!. The voltammograms were corrected for iR drop by pos-
itive feedback technique. The net charge and net current were
calculated by subtracting from the total values the corresponding
background values.

The working temperature was kept constant at 20+ 0.1 °C for
all measurements using a LAUDA K4R thermostat-cryostat.

3. Results and discussion
3.1. Cyclic voltammetry

Representative NB cyclic voltammograms in the mixture 10%
ethanol +90% buffer solution of pH 2 at a bare GC electrode is
shown in Fig. 1a. It shows the usual reduction electron trans-
fer reactions, which are characteristic of this class of compounds.
According to molecular structure, the NB synthesized has a ben-
zimidazole core and a nitrobenzene compound (Scheme 1). The
imidazole does not show any reduction peak in aqueous media
within the normally available potential range in our working condi-
tions [21]. This lack of redox activity is associated with the aromatic
nature of the five-member system, which can exist in several res-
onance structures. This behaviour could explain the high stability
of imidazole to chemical reaction. On the other hand, NB follows
reduction mechanism of nitro-aromatic compounds [22]. For com-
parison, nitrobenzene was examined in the potential range from
0.5 to —0.75V (Fig. 1b) under the same experimental conditions.
As it can be seen, both NB and nitrobenzene voltammograms were
very similar.

Therefore, NB cyclic voltammograms show, during the first scan
from positive to negative potentials, a single cathodic reduction
peak (peak I) at about —0.20V at all scan rates measured, which
was similar to the behaviour found for nitrobenzene. The reduction
wave is attributed to a four electrons/four protons nitro-reduction
to produce the corresponding hydroxylamine derivate. Thus, the NB
overall reduction process (peak I in Fig. 1a) could be represented
by

- Ayt
C,HsN,-CgHa-NO, — " ¢, HsN,~CsH,~NHOH + H, 0 (1)

This was inferred by comparing the experimental current func-
tion of peak I (defined as ¥ = ip;/ACv'/2, where ip is the cathodic
peak current of NB, C the NB bulk concentration, A the working elec-
trode area) with that obtained for nitrobenzene in the same exper-
imental conditions [23,24]. The experimental ¥ was calculated at
v > 1.5Vs~! because under this condition the amount of prod-
uct formed is negligible and therefore the surface coverage of the
electrode due to adsorption is insignificant (see below). The values
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