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New electrode platforms have been constructed containing the redox polymer poly(methylene green)
(PMG) and functionalized carbon nanotubes (fCNT) in two configurations, the first containing MG electro-
polymerised on a graphite composite electrode (CE) and covered with fCNT (fCNT/PMG/CE), the second
having the MG electropolymerised on top of fCNT modified CE (PMG/fCNT/CE). Modified electrodes with
both configurations were characterized by cyclic voltammetry and electrochemical impedance spectros-
copy, and compared with PMG/CE and fCNT/CE and CE, in order to evaluate the role of each component in
the modified electrode architecture. The modified electrodes were applied to the detection of acetamino-
phen and pyridoxine, by fixed potential amperometry and differential pulse voltammetry, the latter
allowing the simultaneous detection of both analytes. The analytical properties of fCNT/PMG/CE and
PMG/fCNT/CE sensors were obtained and the best analytical performance compared with recently
reported acetaminophen and pyridoxine sensors. Determination of both analytes in pharmaceutical
samples was successfully performed.

� 2014 Elsevier B.V. All rights reserved.
1. Introduction

Electroactive polymers comprise a relatively new class of
organic materials, which exhibit both electronic and ionic conduc-
tivity. The best way to prepare films of electroactive polymer is by
electropolymerisation of the redox-active monomer, as is the case
of phenazine monomers [1]. Electropolymerised films of phena-
zines have been extensively used in electrochemical sensors and
biosensors [2], poly(methylene green) (PMG) being mostly utilized
for electrocatalysis of NAD+ regeneration [3–5], and consequently
for the development of biofuel cells based on NAD+-dependent
dehydrogenase enzymes [6–11]. PMG’s catalytic activity can be
attributed to its structure, being similar to flavonoids, natural anti-
oxidants responsible for many catalytic oxidation in nature [12],
and because its half wave potential is more positive than that of
NADH [11].

Carbon nanotubes (CNT) are now widely known as excellent
materials for the construction of electrochemical sensors leading
to improved analytical properties, compared with many other
carbon materials, such as higher sensitivity, lower limit of detec-
tion, due to their enhanced electronic properties, a large edge
plane/basal plane ratio, and faster electrode kinetics [13]. CNT have
been also used together with PMG, synergetic effects having been
demonstrated in dehydrogenase-based reagentless biosensors
[14], in a malate dehydrogenase ‘‘bucky’’ paper anode [6], in
ethanol/air biofuel cells [9], and in a glucose dehydrogenase based
bioanode [9].

The present work focuses on the development and characteriza-
tion of new electrode architectures based on the redox polymer
poly(methylene green) and functionalized CNT (fCNT) on graph-
ite-epoxy composite electrode (CE) substrates, containing PMG
covered with fCNT (fCNT/PMG/CE), or with PMG on top of fCNT
(PMG/fCNT/CE). Epoxy composite electrodes have been previously
used successfully as electrode substrates in many applications e.g.
[15–17]. CNT were first functionalized in nitric acid, to increase
their hydrophilicity and introduce functional groups [18], and then
dispersed in a chitosan matrix, a biopolymer with good adhesion
on solid substrates, high water and anion/cation permeability, high
mechanical strength and excellent film-forming ability [19]. The
modified electrodes were characterized by cyclic voltammetry
and electrochemical impedance spectroscopy (EIS), and then
applied to the determination of acetaminophen and pyridoxine,
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exploring the benefits of modification by both fCNT and PMG.
Acetaminophen (paracetamol, N-acetyl-p-aminophenol), is a
widely used analgesic anti-pyretic drug, [20], its electrochemical
detection using CNT being successfully demonstrated e.g. [21],
and it was determined here by differential pulse voltammetry
(DPV) and fixed potential amperometry. Pyridoxine, one of the
compounds of the vitamin B6 group, was also electrochemically
determined; several methods exist for the determination of vita-
min B6 in pharmaceutical formulations [22], electrochemical ones
also having been reported [23–26].
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Fig. 1. CV-s recorded during the polymerization of MG on (a) CE and (b) fCNT/CE
from a solution containing 1 mM MG in 0.025 M Na2B4O7 + 0.1 M KNO3, pH 9.25;
v = 50 mV s�1.
2. Experimental

2.1. Reagents and solutions

All reagents were of analytical grade and were used without
further purification. Millipore Milli-Q nanopure water (resistiv-
ity P 18 MX cm) was used for the preparation of all solutions.

Methylene green, potassium hexacyanoferrate(II), potassium
nitrate were from Fluka, chitosan (low molecular weight), sodium
and potassium chloride, acetaminophen (ACOP), pyridoxine,
monobasic and dibasic sodium phosphate were from Sigma and
sodium tetraborate from May & Baker.

Polymerization of MG was carried out in a solution containing
1.0 mM MG dissolved in 0.025 M Na2B4O7 + 0.1 M KNO3, pH 9.2.

The determination of acetaminophen and pyridoxine was done
in sodium phosphate buffer saline 0.1 M NaPBS, containing 0.1 M
Na2HPO4/NaH2PO4 + 0.05 M NaCl, pH 7.0.

2.2. Instrumentation

Electrochemical experiments were performed in a three elec-
trode cell, containing the composite electrode (CE) (area
0.126 cm2) as working electrode, a Pt wire counter electrode
and an SCE reference electrode, using a potentiostat/galvanostat
l-Autolab system (Metrohm-Autolab, Netherlands).

EIS experiments were carried out by using a PC-controlled
Solartron 1250 Frequency Response Analyzer, coupled to a Solar-
tron 1286 Electrochemical Interface using ZPlot 2.4 software
(Solartron Analytical, UK), with an rms perturbation of 10 mV
applied over the frequency range 65.5 kHz–0.1 Hz, with 10
frequency values per frequency decade.

The pH measurements were carried out with a CRISON 2001
micro pH-meter (Crison Instruments SA, Barcelona, Spain).

All experiments were carried out a room temperature
(25 ± 1 �C).

2.3. Preparation of modified graphite-epoxy composite electrodes

Graphite-epoxy electrodes were prepared using graphite pow-
der and Araldit epoxy resin/hardener as described previously
[27]. Before each use, the surface of the composite electrode was
wetted with Milli-Q water and then thoroughly smoothed, first
with abrasive paper and then with polishing paper, (Kemet, UK).

Multi-walled CNT (MWCNT) were purified and functionalized
as described elsewhere [28]. First, a dispersion of CNT in 3 M nitric
acid solution was stirred for 20 h, the solid product was collected
on a filter paper and washed until the filtrate solution became neu-
tral. The fCNT obtained were then dried in an oven at 80 �C for 24 h.
A dispersion of 1% fCNT was prepared in 1.0% m/m chitosan (Chit)
dissolved in 1.0% v/v acetic acid. A volume of 10 ll of this disper-
sion was dropped two times on the surface of CE or PMG/CE,
leaving to dry each time for �60 min.

MG was electropolymerised on CE or on fCNT/CE from 1.0 mM
MG dissolved in 0.025 M Na2B4O7 + 0.1 M KNO3, pH 9.2 by cycling
the potential at 50 mV s�1, for 40 cycles, between �0.5 and +1.0 V
vs. SCE, for the CE, and between�0.6 and +1.0 V vs. SCE for fCNT/CE
[29]. The electrodes were left to dry for at least 24 h before use.

2.4. Sample preparation

Acetaminophen and pyridoxine tablets were first finely ground
in a mortar and then an appropriate amount was weighed and
dissolved in 0.1 M NaPBS buffer to form 66.0 mM and 29.6 mM
acetaminophen and pyridoxine solutions, respectively.

3. Results and discussion

3.1. Electropolymerization of MG on CE and fCNT/CE and CV
characterization of fCNT/PMG/CE and PMG/fCNT/CE

PMG polymer was deposited on CE and fCNT/CE by potential
cycling, in a solution containing MG monomer; CVs recorded dur-
ing polymerization are displayed in Fig. 1. Polymerization begins
with the formation of cation radicals at potentials close to +1.0 V
vs. SCE, similar to other phenazine monomers [2]. On both sub-
strates, CE and fCNT/CE, there is increase in oxidation/reduction
polymer peak currents with each polymerization cycle, the poten-
tials of which coincide with the monomer peaks. On fCNT/CE
(Fig. 1b) the currents are significantly higher, due to the higher
surface area of fCNTs and the polymer is better formed, the
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oxidation/reduction peak currents increasing up to 5.5 and
�6.1 mA cm�2, respectively, while on CE (Fig. 1a) they increased
to 1.9, and �1.3 mA cm�2. However, the larger peak separation
on fCNT suggests that the PMG redox process is less reversible than
on CE. Both fCNT/PMG/CE and PMG/fCNT/CE modified electrodes
were very robust, the current decrease upon continuous potential
cycling being negligible less than 4% of the initial value after 100
cycles. This is probably due to interactions between CNT and
PMG, which may be either electrostatic, since CNT possess carbox-
ylate groups and PMG has a quaternary amino group and a sulfur
anion, or p-p and hydrophobic interactions, similar to those
between thionine, which has a very similar structure to PMG,
and CNT [30].

The variation of peak currents with scan rate (see Fig. 2)
revealed that the overall electrochemical processes are diffusion
controlled on both PMG/fCNT/CE and fCNT/PMG/CE, that can be
attributed to the rate-determining step being diffusion of counteri-
ons into the polymer structures. For the electrode PMG/fCNT/CE
(Fig. 2b2), the slope of the plots of Ip vs. v1/2 are 15.9 and
17.3 mA cm�2 (V s�1)�1/2, for the anodic and cathodic processes
respectively, more than 3 times higher than for fCNT/PMG/CE
(Fig. 2a1,2) indicating a larger accessible surface area at PMG/
fCNT/CE. If fCNT is deposited first on the CE, then the formation
of PMG from MG monomer can occur also on the CNT within the
CNT network, thus providing a higher surface area for polymer
deposition than in the case of fCNT/PMG/CE.

3.2. Electrochemical impedance spectroscopy

Electrochemical impedance spectroscopy was used to examine
the interfacial properties of the unmodified composite electrodes,
of CE modified with fCNTs or PMG alone and fCNT together with
-0,9 -0,6 -0,3 0,0 0,3 0,6

-2

-1

0

1

2

50 mV s-1

10 mV s-1I /
 m

A
 c

m
-2

E / V vs.ECS

(a1)

(a2)

0,09 0,12 0,15 0,18 0,21 0,24
-0,8

-0,6

-0,4

-0,2

0,0

0,2

0,4

0,6

0,8

j
pa

 = -0.4 + 4.9*v1/2

j
pc

 = 0.3 - 4.4*v1/2

j /
 m

A
 c

m
-2

v 1/2/ (V s-1)1/2

Fig. 2. CV-s recorded in 0.1 M KCl at (a1) fCNT/PMG/CE and (b1) PMG/fCNT/CE at differen
current vs. v1/2.
PMG in both configuration PMG/fCNT/CE and fCNT/PMG/CE. The
measurements were performed in 0.1 M KCl solution at 0.0 V vs.
SCE, chosen in the electroactive potential range of PMG.

As observed from Fig. 3, the modification of CE with either fCNT,
PMG or fCNT and PMG together, all lead to a very large decrease in
the impedance value, from 5 kX cm2 for bare CE, to 200 for PMG/
CE and less than 100 X cm2 for the other modified composite
electrodes. The spectra recorded at electrodes with fCNT, i.e. at
fCNT/CE, fCNT/PMG/CE and PMG/fCNT/CE in Fig. 3a–c are very
similar in the low frequency region, being represented by capaci-
tive lines, in the high frequency region the difference being that
when PMG is present, the spectra begin with a small diameter
semicircle, correlated with charge transfer reactions of the redox
polymer. The spectrum of PMG/CE without CNT was different,
having a slightly higher impedance, and diffusion control over a
wider frequency range.

The spectra were fitted by using the equivalent circuit
presented in Fig. 3d. This circuit comprises a cell resistance, RX,
in series with a parallel combination of a charge transfer resistance,
Rct, and a double layer non-ideal capacitance, expressed as a
constant phase element, CPEdl (to fit the semicircle in the high
frequency region of the spectra). This parallel combination is in
series with a Warburg resistance, Zw (for intermediate frequency)
and a film capacitance, CPEf (for the low frequency region).
CPE = [(Cix)a]�1, is a non-ideal capacitor, due to the porosity and
non-homogeneity of the surface, with 0.5 < a < 1. The Open Warburg
Element, ZW, is expressed by: ZW = RW cth[(six)a](six)�a, where
a < 0.5, s is the diffusional time constant and RW the diffusional
resistance [31].

Data obtained by fitting the spectra are shown in Table 1. As can
be seen, the presence of fCNT leads to an increase in double layer
CPE, CPEdl, of the PMG/CE, both fCNT/PMG/CE and PMG/fCNT/CE
(b1)
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t scan rates from 10 to 50 mV s�1; (a2) and (b2), corresponding linear plots of peak
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Table 1
Equivalent circuit components values extracted by fitting the spectra in Fig. 3a–c to the equivalent circuit in Fig. 3d.

Electrode Rct/X cm2 CPEdl/lF cm�2 sa�1 a1 ZW/X cm2 sa�1 s/ms a2 CPEf/mF cm�2 sa�1 a3

CE – 275.7 0.91 – – – – –
fCNT/CE – – – 2.4 24 0.35 19.1 1.00
PMG/CE 9.3 1.2 1.00 – – – 2.2 0.79
fCNT/PMG/CE 8.1 2.0 0.95 0.7 20 0.29 23.8 1.00
PMG/fCNT/CE 11.3 1.8 0.94 1.3 22 0.29 47.3 0.94
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having higher CPEdl values, of 2.0 and 1.8, respectively, than
1.2 lF cm�2 sa�1 at PMG/CE. This is probably mostly the effect of
increased surface area, since normalization of the impedance spec-
tra is done by electrode geometric area. The CPE values attributed
to the film, CPEf, are increased by PMG together with CNT in both
configurations, increasing from 2.2 mF cm�2 sa�1 for PMG/CE to
23.8 and 47.3 mF cm�2 sa�1 for fCNT/PMG/CE and PMG/fCNT/CE,
respectively. Moreover, these are higher than for fCNT/CE, underly-
ing the importance of PMG in the film. The Warburg resistance, Zw,
is lowered with PMG present, from 2.4 for fCNT/CE to 0.7 and
1.3 X cm2 sa�1 for fCNT/PMG/CE and PMG/fCNT/CE, respectively.

EIS indicates that electrode platforms combining both PMG and
fCNT have similar impedance characteristics with significantly
lower diffusional resistance and higher pseudocapacitance values
than one-component modified electrodes. A close comparison
between fCNT/PMG/CE and PMG/fCNT/CE, reveals slightly lower
Rct and Zw values with fCNT on top of PMG, and the highest film
capacitance CPEf for PMG on top of fCNT. These results suggest that
either electrode architecture can be used for sensor application, the
final choice depending on factors such as available surface area, as
will be seen below.

3.3. Application of fCNT/PMG/CE and PMG/fCNT/CE for determination
of acetaminophen and pyridoxine

3.3.1. Acetaminophen
Electrochemical methods have been widely used for acetamino-

phen (ACOP) determination, with many attempts to improve sen-
sor selectivity and sensitivity by using carbon nanotubes [32–41].
Redox polymers have been successfully employed to improve ana-
lytical selectivity [2]. Here, the electrodes modified by PMG and
fCNT were used for paracetamol determination by DPV and fixed
potential amperometry.

Typical DPV scans at PMG/fCNT/CE are shown in Fig. 4a, with
the corresponding calibration plot as inset. The sensitivity of the
sensor was 3640 ± 175 lA cm�2 mM�1 (RSD = 4.8%, n = 3) and the
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detection limit 4.3 ± 0.6 lM (RSD = 13.9%, n = 3), calculated as 3.3
times the standard error divided by the slope of the calibration plot
[42]. A lower sensitivity of 920 lA cm�2 mM�1 was achieved on
fCNT deposited on top of the polymer, fCNT/PMG/CE, which had
a detection limit of 9.3 ± 1.1 lM (RSD = 11.8%, n = 3). At the bare
CE, the sensitivity was 176 lA cm�2 mM�1, while at CE modified
only with one component it was 750 at fCNT/CE and 380 lA cm�2

mM�1 at PMG/CE, lower than at either electrode modified with
both components, which underlines the importance of combining
PMG with fCNT to improve sensor performance. The upper limit
of the linear range was up to at least 200 lM for all tested sensors.
The same analytical properties were achieved at PMG/fCNT/CE
when ACOP was determined in the presence of 0.2 mM pyridoxine
(see DPVs in Fig. 4b), with sensitivity 3.7 mA cm�2 lM�1and LoD of
3.9 lM, with the difference that saturation occurred at 150 lM
ACOP.

Fixed potential amperometry was also used to investigate both
sensor performances, at +0.3 V vs. SCE, very close to the oxidation
potential of ACOP in DPV experiments; typical chronoampero-
grams are displayed in Fig. 5 with corresponding calibration plots.



Table 2
Comparison of PMG/fCNT/CE performance with other CNT based acetaminophen (ACOP) sensors, published since 2012.

Electrode architecture Technique, pH Sensitivity/lA cm�2 mM�1 LoD/lM References

MWCNT/5ADB/PE DPV, pH 7.0 341.8 0.2 [32]
CNT-PCPE SWV, pH 5.0 – 1.1 [33]
MWCNT/MoVI/PE DPV, pH 7.0 494.5 0.08 [34]
Graphene nanosheet/SWCNT/GCE DPV, pH 7.0 – 0.04 [35]
MWCNT(surfactant)/PE DPV, pH 7.7 – 0.6 [36]
SWCNTmagnetic entrapment/AuSPE MP 1 CV, pH 7.5 15,000 0.2 [37]

MP 2 0.2
MP 3 0.1

EF-NiO/MWCNT/PE SWV, pH 6.0 2333 0.5 [38]
MWCNT/IM/GCE DPV, pH 7.0 – – [39]
MWCNT_graphite/PE SWV, pH 6.0 – 0.8 [40]
MWCNT_ED_LBL/GCE DPV, pH 7.0 2.3 0.09 [41]
PMG/fMWCNT/GCE DPV, pH 7.0 3640 4.3 Present work

CNT/5ADB/PE – 5-amino-3,4-dimethylbiphenyl-2-ol CNT paste electrode; CNT-PCPE – CNT poly(aminophenol) paste electrode; AuSPE – Au screen printed electrode; MP –
magnetic nanoparticles: 1 – type MayOne T1, 2 – type MayOne C1 and 3 – type M270; EF-NiO/MWCNT/PE – Ethynylferrocene–NiO/MWCNT nanocomposite modified carbon
paste electrode; IM-4-(1H-benzo[d]imidazol-2-ylthio)-5-methylbenze-1,2-diol; MWCNT_ED_LBL layer by layer of ethylenediamine and MWCNT.
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As observed, fCNT/PMG/CE had a higher sensitivity than PMG/
fCNT/CE: 139 compared with 75.6 lA cm�2 mM�1. Nevertheless,
with fCNT on top, saturation of sensor response occurs for concen-
trations higher than 0.75 mM, due to adsorption within the fCNT
layer, while in the opposite configuration with PMG on top of fCNT,
no saturation was observed up to 1.2 mM.

As expected, the DPV technique was more sensitive, but
whereas in DPV with polymer on top, the sensitivity was higher,
in fixed-potential amperometry, the opposite was true. This may
be explained if ACOP oxidation occurs on the surface of PMG and
by the timescales of the techniques. In amperometric experiments,
there is sufficient time for the analyte to diffuse through the upper
fCNT chitosan layer, some accumulation of ACOP in the CNT layer
being possible, which makes this sensor more sensitive than the
one with PMG on top. On the other hand, in DPV the timescale of
the experiment is much shorter, so that the sensor with PMG
on top is more sensitive, the one with fCNT on top having the
disadvantage of there being insufficient time for ACOP to diffuse
to the PMG underneath.

The analytical parameters of the PMG/fCNT/CE sensor were
compared with other fCNT based ACOP sensors, published in the
last 3 years [32–41], Table 2. Even though the detection limits were
lower for the other sensors, only one exhibited a higher sensitivity,
demonstrating the good performance of the developed sensor.

3.3.2. Pyridoxine
The sensor with best analytical properties for ACOP determina-

tion was chosen for pyridoxine detection. Typical DPV scans for
increasing concentrations of pyridoxine are shown in Fig. 6a, with
the corresponding calibration plot in inset. The sensor had a linear
response up to 0.6 mM pyridoxine, with a sensitivity of 231 ± 10
(RSD = 4.1%, n = 3) lA cm�2 mM�1 and a detection limit of 9.4 ±
1.4 (RSD = 14.8%, n = 3) lM. By fixed potential amperometry, at
+0.6 V vs. SCE (see Fig. 6 b-inset calibration plot), the sensitivity
was �3 times higher, 648 ± 40 (RSD = 6.1%, n = 3) lA cm�2 mM�1,
with no saturation up to 1.0 mM, but with a higher LD of
20.4 ± 2.8 (RSD = 13.7%, n = 3) lM. At bare CE, the sensitivities
were much lower (91.3 and 3.2 lA cm�2 mM�1, by DPV and fixed
potential amperometry respectively).

There are not many sensors for vitamin B6 reported in the liter-
ature, some being reported in 2003–2005, with a gap until 2010.
The analytical performance of the new sensor is compared to those
reported after 2010 [43–48] in Table 3. The sensitivity is far
superior to the other sensors, except for a C_ceramic/PBNP
electrode [43], which operated at a very positive potential of
+1.0 V, with a sensitivity of 970 lA cm�2 mM�1 and a CE/
Graphite_PU [44], which had a sensitivity of 1071 lA cm�2 mM�1

in acetate buffer pH 4.0.

3.3.3. Application of PMG/fCNT/CE sensor to acetaminophen and
pyridoxine in pharmaceutical samples

Analytical assays were performed to verify the applicability of
the developed sensor to pharmaceutical samples, by standard
addition, in order to minimize influence of the matrix. An aliquot
of the samples was injected into the buffer electrolyte followed
by chosen amounts of acetaminophen or pyridoxine. The time
interval between injections was 60–80 s. The declared concentra-
tion values of the compounds were 500 mg acetaminophen and
50 mg pyridoxine per tablet, and the values found were 502 ± 2
and 47.6 ± 0.9 mg per tablet for acetaminophen and pyridoxine,
respectively, in good agreement with the declared acetaminophen
and pyridoxine content of the tablets. In order to establish the



Table 3
Comparison of PMG/fCNT/CE performance with other pyridoxine sensors, published since 2010.

Electrode architecture Technique, pH Sensitivity/lA cm�2 mM�1 LoD/lM References

PBNP/C_ceramic Amp. +1.0 V, Ac, pH 4.0 970 0.5 [43]
MWCNT/AuNP/GCE DPV, PBS pH 7.0 – 3.1 [26]
Graphite_PU SWV, Ac, pH 4.2 1071.4 0.7 [44]
ssDNA/GCE CV, NaOH 469.5 40 [45]
PEDOT(doped)/GCE DPV, PBS pH 7.0 42.3 – [46]
ZrO2NP/PEDOT/GCE DPV, PBS pH 7.0 60.6 0.2 [47]
SPE-C DPV, Ac, pH 5.0 103.5 3.3 [48]
MWCNT/SPE-C 135.4 1.5
SWCNT/SPE-C 199.0 6.8
PMG/fCNT/GCE Amp. +0.6 V, PBS pH 7.0 648 18.5 Present work

DPV, PBS pH 7.0 232 9.4

PBNP/C_ceramic – Prussian Blue nanoparticles modified carbon ceramic electrode; Ac – acetate buffer, AuNP_Au nanoparticles; Graphite PU – graphite polyurethane
electrodes; PEDOT(doped) – Poly(3,4-ethylenedioxythiophene) doped with ClO4

�, Fc� or Fe(CN)6; ZrO2NP – ZrO2 nanoparticles; SPE – screen printed electrodes.

Table 4
Determination of acetaminophen and pyridoxine in pharmaceutical formulation.

Sample Added/lM Found/lM Recovery/%

Acetaminophen 0 200 ± 1 –
50 251 ± 1 102.0

100 298 ± 1 98.2
150 352 ± 1 101.5

Pyridoxine 0 120 ± 1 –
50 172 ± 1 104.2

100 223 ± 1 103.3
150 275 ± 1 103.5
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suitability of the proposed method, the recovery rates were also
calculated and are presented in Table 4. The recovery rates close
to 100% indicate that the modified electrode can be efficiently used
for the determination of both compounds in pharmaceutical
preparations.

4. Conclusions

New electrode architectures were developed on composite elec-
trode substrates modified with electropolymerised poly(methy-
lene green) and with fCNT entrapped in a chitosan layer, in two
configurations fCNT/PMG/CE and PMG/fCNT/CE. PMG polymerizes
better on fCNT/CE than on CE, the higher peak currents indicating
more polymer growth at PMG/fCNT/CE. Analysis of impedance
spectra shows that electrode platforms containing both PMG and
fCNT are superior to those with only one component, for applica-
tion as sensors. For the determination of ACOP, DPV led to higher
sensitivities than fixed potential amperometry, that with best
analytical performance being at PMG/fCNT/CE, which was also
chosen for determination of pyridoxine, where fixed-potential
amperometry was better than DPV. For pyridoxine, analytical
parameters significantly superior to those in the literature were
achieved. Both analytes were successfully determined in pharma-
ceutical samples by the standard addition method, underlying
the reliability of the present analytical method.
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