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ABSTRACT

A novel chemically modified electrode was constructed based on multi-
walled carbon nanotubes, MCM48 molecular sieve composite modified
glassy carbon electrode .The modified electrode showed that it can be used
for simultaneous determination of acetaminophen (ACT) and codeine
(COD), simultaneously. The measurements were carried out by the
application of differential pulse voltammetry (DPV), cyclic voltammetry
(CV) and chronoamperometry (CA) methods. The fabricated sensor
revealed some advantages such as excellent selectivity, good stability and
high sensitivity toward ACT and COD determination. Application of DPV
method under the optimum conditions showed the modified electrode
provides linear responses versus ACT concentrations in the range of 0.2-40
puM and 80-350 uM. The results for COD showed the linear responses in
the ranges of 4-70 uM and 150-400 pM respectively using DPV method.
The modified electrode was used for determination of ACT and COD in
real samples like human blood serum and plasma with satisfactory results.
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INTRODUCTION

Acetaminophen (N-acetyl-p—aminophenol, ACT)
is among the most widely used medications as
analgesic and antipyretic drugs [1]. It is remarkably
safein standard doses, however because of its wide
availability, deliberate or accidental overdoses are
not uncommon. Recent studies have shown that
ACT is associated with hepatic toxicity and renal
failure despite its apparent innocuous character
[2].

Codeine (COD) is a natural opiates alkaloid
from poppy or prepared from morphine by
methylation [3]. Its phosphate form is usually
used for the treatment of gently or moderate pain
in clinic medication .It has similar applications
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to morphine, but with much less effect. COD is
rapidly adsorbed from the gastrointestinal tract to
be subsequently distributed through intravascular
spaces to various body tissues, with preferential
uptake by organs such as the liver, spleen and
kidney [4].

Thecombinationof ACTandCODisusedtoreduce
fever and to relieve mild to moderate pain caused
by a variety of conditions for example: headache,
toothache, neuralgia, migraine and period pains.
Also, the use of COD-containing products is
strongly associated with endogenous depression,
again a dual-diagnosis problem [5]. Since ACT
and COD are commonly found in combination
together in pharmaceutical formulations because
the combination provides effective pain relief by
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about 40% higher than that offered by the same
dose of ACT alone, so it is very important for the
clinical laboratories and pharmaceutical industries
to have a simple, fast and sensitive method [6].
Thus, numerous strategies have been reported
for the determination ACT and COD, such as
spectrophotometry [7], potentiometric titration
[8], mass spectrometry [9] and high performance
liguid chromatography [10]. These methods
exhibit high sensitivity and selectivity, however,
they are also time—consuming, high—cost, and
require complicated sample pretreatments. In the
past few decades, electrochemical methods have
been received great attention because of their
ease of monitoring, simplicity, high sensitivity and
low cost [11-14].

Carbon nanotubes (CNTs), in forms of single—
walled CNTs (SWCNTs) and multi-walled CNTs
(MWCNTs), have specific properties such stability,
and extreme mechanical strength [15-16]. Therefore,
they have been used in various application fields
including catalysis of redox reactions [17-18], nano-
electronics [19] and electrochemical sensors [20-21].
Nowadays, carbon—-based electrodes are widely used
in electroanalytical chemistry, due to their broad
potential window, rich surface chemistry and low
background current and chemical inertness [22-23].

There are two well-defined porous adsorbents
in the family of MA41S materials. The first,
MCM-41, has a hexagonal arrangement of
unidirectional pores while the second, MCM-48,
has a cubic structure indexed in the space group
la3d, recently modelled as a gyroid minimal
surface [24]. Interesting physical properties of
MCM-48 are its high specific surface area up
to 1600 cm? g, specific pore volume up to 1.2
cm?® g and high thermal stability [25]. MCM-48
seems to be a more interesting candidate as an
adsorbent in separation techniques, for example,
supercritical fluid chromatography, or as a catalyst
support than MCM-41. This is because of its
interwoven and branched pore structure, which
provides more favorable mass transfer kinetics
in catalytic and separation applications than
MCM-41 with its unidirectional pore system. All
published syntheses for MCM-48 proceed via the
hydrothermal reaction [26]. In this work MCM-48
was used due to its high surface area and elevated
porosity, so we expect its high ability to adsorb
ACT and COD species on the modified electrode
surface.

In the present study, a specific MWCNTs—
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MCM-48 nanocomposite modified glassy carbon
electrode (MWCNTs—MCM-48/GCE) is developed
and applied to achieve an extremely high active
surface area for simultaneous electrochemical
detection of ACT and COD.

According our knowledge there is no report on
the application of MWCNTs— MCM-48/GCE for
simultaneous electrochemical determination of
ACT and COD. Therefore, the main target of this
study is to develop a simple, sensitive and selective
electrochemical sensor for the simultaneous
determination of ACT and COD.

EXPERIMENTAL
Materials and characterization

All chemicals were analytical grade and were
used without further purification. ACT and COD
were obtained from Merck company. MWCNTs
(>95 wt%, 5-20 nm) were purchased from Plasma
Chem GmbH company. MWCNTs were used as
they received. Stock standard solutions of 10 mM
COD and 10 mM ACT was freshly prepared in 0.1
M phosphate buffers (PBS) of pH 7. ACT and COD
solutions were prepared by diluting the stock
standard solutions using 0.1 M phosphate buffer
(pH=7). Buffer solutions in voltammetric studies
were prepared as described elsewhere.

Fresh human blood serum and urine samples
were obtained from Pars laboratory (Arak, Iran).
The samples were filtered and diluted 50 times
using a 0.1 M of PBS at pH 7, and used for the
determinations of spiked ACT and COD.

Synthesis of MCM-48 nanoparticles

MCM-48 was synthesized by the conventional

hydrothermal pathway similar to the procedure
that was described by Monnier et al.[27]. n—Hexa-
decyltrimethyl ammonium bromide (C H., (CH,),—
NBr, template) was dissolved in deionized water,
and sodium hydroxide and tetra ethoxysilane were
added. The molar composition of the gel was 1 M
of TEOS and 0.25M of Na,0, 0.65 M of C H_.(CH,),
NBrand 0.62M of H,0. The solution was stirred for
about 1 h, charged into a polypropylene bottle and
then was heated at 110 °C for 3 days. The product
was filtered, washed with water and calcined at
550 °C for 6 h to obtain MCM-48.

Instrumentation

All the voltammetric measurements were
carried out using MWCNTs—MCM-48/GCE as the
working electrode, an Ag/ AgCl, KCl (3M) electrode
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as the reference electrode and a platinum wire
as an auxiliary electrode. Differential pulse
voltammetry (DPV), cyclic voltammetry (CV)
and chronoamperometry (CA) experiments
were carried out using a Palm Sense instrument
potentiostat (EcoChemie, The Netherlands). All
potentials given are with respect to the potential
of the reference electrode. The pH measurements
were performed with a Metrohm 744 pH
meter using a combination glass electrode. The
morphological analyses were carried out using
a Sigma VP Zeiss-scanning electron microscope
(SEM).

Preparation of MWCNTs—-MCM-48/GC modified
electrode

Prior to use, GCE was first polished with
alumina powder, rinsed thoroughly with doubly
distilled water and dried at room temperature.
A stock solution of MWCNTs— MCM-48 in DMF
was prepared by dispersing appropriate weighed
amounts of MWCNTs and MCM-48 (85:15 w/w)
in 2 ml DMF using an ultrasonic bath until a
homogeneous solution was resulted. Then 50 pL of
prepared suspension was placed on the electrode
with a microsyringe. This fabricated MWCNTSs-
MCM-48/GCE was placed in the electrochemical
cell containing 0.1 M of PBS. Then 20 cycles in the
potential window of 0.0 to 1.0 V were performed
using the CV method to obtain stable responses.

General procedure

Each sample solution (10 mL) containing
appropriate amounts of ACT and COD in 0.1 M PBS
at pH 7, was transferred into the voltammetric cell.
The voltammograms were recorded by applying
a positive going potential from 0 to 1.1 V. The
differential pulse voltammograms showed anodic
peaks around 0.35 and 0.75 V corresponding to
the ACT and COD compounds with current peaks
being proportional to solution concentrations,
respectively. Calibration curves were obtained
by plotting the anodic peak currents of ACT and
COD against the corresponding concentrations.
All experiments were carried out under open
circuit conditions. After each measurement, the
MWCNTs-MCM-48/ GCE was regenerated by
thoroughly washing the electrode with triply
distilled water and then 2% sodium hydroxide
solution. The electrode was finally rinsed carefully
with distilled water to remove all adsorbates from
the electrode surface and provide a fresh surface
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for the next experiment.

RESULTS AND DISCUSSION
Characterization of MWCNTs-MCM-48/GCE

Fig. 1a and b. show typical SEM images of
the MCM-48. The particles sizes of MCM-48 are
between 20 to 40 nm lead to its high porosity and
then large surface area. However, Fig. 1c, d, e, f,
g and h show the SEM images of the MWCNTs-
MCM-48 composite on the electrode. It can be
seen MWCNT is well distributed on MCM-48. The
fabricated composite could provide larger surface
area with huge porosity characteristic which lead
to therefore higher oxidation peak currents for
ACT and COD could be obtained on the modified
electrode with this composite. Energy dispersive
X-ray (EDX) analysis of the MWCNTs-MCM-48
composite shows the presence of Si, O and C
(Fig.1i). The presence of Si and O peaks beside
of C peak confirms the successful modification of
MWCNT with MCM-48.

Cyclic voltammetry characterization of modified
electrodes

The electrochemical performance of
MWCNTs and MWCNTs-MCM-48 modified GCE
were investigated by using a solution of 5 mM
Fe[(CN),J*/* redox probe at scan rate of 0.08 V
s™.. As shown in Fig. 2 a pair of redox peaks with
AEp 0f0.153, 0.171and 0.35 were observed at
MWCNTs-MCM-48 nanocomposite (solid line),
MWCNTs (dashed line) modified GCE and bare
GCE (dotted line), respectively. n order The higher
peak currents and lower AE, suggesting that
MWCNTs-MCM-48/ GCE exhibits faster electron-
transfer kinetics and larger electroactive surface
area compared to bare glassy carbon electrode.
In order to obtain those effects on the electrode
guantitatively the ratio of the peak currents on
the surface area of the MWCNTs and MWCNTs-
MCM-48 nanocomposite modified electrodes
were were compared with bare GCE, using 5mM
[Fe(CN),J*/* redox system and applying the
Randles—Sevcik equation for a reversible process
[28]:

I, =(2.69 x 10°) A n¥2DY2C_ 2 (1)

Where D and C, are the diffusion coefficient
and bulk concentration of the redox system,
respectively. The value n is the number of electron
transferred (n = 1), v is the scan rate and A is the
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Figl: a and b) SEM images of MCM-48, c,d,e,f,g and h) SEM images of the MWCNTs-MCM-48. i)
EDX spectrum of MWCNTs-MCM-48.

effective surface area of the electrode. Cyclic
voltammetry experiments at different scan rates
were performed with the bare and modified
glassy carbon electrodes immersed in the solution
of K,[Fe(CN)_]. By plotting Ip respect to v**and
comparing the slopes of the curves, the results
showed the 20.5 and 14.5 times higher peak
current for MWCNTs-MCM-48/GCE and MWCNTs/
GCE respect to bare GCE, respectively.

Effect of solution pH and supporting electrolyte
Several buffers like PBS, ammonia, acetate and
Britton Robinson (BR) were used as the supporting
electrolyte in determinations of a 40 uM ACT and
100 pM COD solution using cyclic voltammetry(not
shown). Well-defined peaks for ACT and COD were
obtained in PBS with higher current responses
compared to the others buffer. So PBS was chosen
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for further experiments.

The influence of the pH on the oxidation peak
currents of ACT and COD were investigated in the
pH range of 4-8 employing PBS, respectively (Fig.
3). According to Figs.3 (A) and (B), as the pH of
the medium gradually increased, the oxidation
potential of ACT and COD shifted toward less
positive values, suggesting the involvement
of protons in the reaction. In addition It was
observed that the peak currents (Ipa) reached to
their maximum values at pH 7 for ACT and COD
oxidation. Thus, this pH was employed for further
studies. Over the pH range of 4-8, the oxidation
peak potentials (Epa) were linear as a function of
pH for ACT and COD, respectively. From the plot of
E,. vs. pH, slopes of —0.062 V and -0.053 V were
obtained for ACT and COD, corresponding to the
following equations, respectively:
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Fig. 2. Cyclic voltammograms of the GCE (dotted line), MWCNTs (dashed line) and MWCNTs-MCM-48
nanocomposite (solid line) glassy carbon electrodes in 5 mM K, [Fe(CN)_], Scan rate: 0.08 V s
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Fig.3. Cyclic voltammetry of MWCNTs-MCM48/GCE in 0.1 M PBS containing 40 uM of ACT and 100 uM of COD
at different pH. Inset: dependence of peak potential and peak current (A: ACT, B: COD).

E ,=-0.062pH +0.8512; R*=0.9881

E =-0.053pH + 1.2204; R?=0.9924

The slopes of the variations of Ep as a function
of solution pH are close to the Nernstian slope of
0.059, this result revealed that an equal number
of protons and electrons were involved in the
oxidation reactions of ACT and COD.

The possible reaction pathways for electro
oxidation of ACT and COD on MWCNTs-MCM-48/
GCE in 0.1 M phosphate buffered solution (pH 7)
can be proposed as shown in Scheme 1.
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Effect of accumulation time

The effect of accumulation time on the
electrochemical response of the MWCNTs-MCM-48/
GCE towards ACT and COD in the simultaneous
determination of 40 pM ACT and 100 uM COD
solution was investigated using the DPV method
in PBS (pH=7) (not shown). The results show the
corresponding oxidation peak currents of ACT and
COD gradually increased by increasing accumulation
time from 10 to 80s, and reached the maximum
currents response at 40s. Further increasing the
accumulation time, there is no significant increase in
the current response. This phenomenon is probably

J Nanostruct 9(2): 190-201, Spring 2019
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due to the saturated adsorption of ACT and COD
on the MWCNTs-MCM-48/ GCE surface at such
accumulation time. Therefore, an accumulation
time of 40s was used for each voltammetric
measurement of ACT and COD.

DPV studies of Acetaminophen and Codeine on
MWCNTs-MCM-48/GCE

DPV response for the mixture of 100 uM ACT
and COD(PBS, pH 7) at the GCE, MWCNT, and
MWCNT-MCM-48  nanocomposite  modified
electrodes are shown in Fig.4. As can be seen,
ACT and COD showed weak oxidation peaks at
the bare glassy carbon electrode (dotted line)
with oxidation potentials of 0.4 V and 0.8 V. In
contrast, at MWCNTs modified electrode (dashed
line), the peak currents increased and the anodic

> —

Paracetamol

c:cncu,

- r =
ot T
Codcine

H*

peak potential of ACT and COD were about 0.37
and 0.75, respectively. The slight shift and increase
of the corresponding oxidation peaks of ACT and
COD are due to electrocatalyttic effects and high
surface area of MWCNTs. According to Fig. 4,
the peak currents of ACT and COD at MWCNTs-
MCM-48/GCE (solid line) showed higher oxidation
peak currents for ACT and COD at the same
potentials. These phenomena could be due high
surface area and adsorption effect of MCM-48..
It is clear that the increase in oxidation current
(compared with GCE), and well separation of the
oxidation peak at proposed modified electrode
can offer special approach for simultaneous and
sensitive electrochemical determination of ACT
and COD in the mixture solution at MWCNTs-
MCM-48/GCE.

c-::n::H3
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Scheme 1.The proposed oxidation reactions of ACT and COD.
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Fig. 4. DPV of MWCNTs-MCM48 nanocomposite (solid line), MWCNTs (dashed line) modified electrode and bare (dotted line)
glassy carbon electrode in 0.1M PBS containing 20uM of ACT and 200uM COD.
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Effect of scanning rate

The effect of scan rate on the electro-oxidations
of ACT and COD at the MWCNTs-MCM-48/ GCE
were investigated by CV to acquire information
about electrochemical mechanism from the
relationship between peak current and scan rate
of potential.

The cyclic voltammograms of 100uM ACT and
COD at MWCNTs-MCM-48/ GCE were recorded
at different scan rates from 0.02 to 0.9 V s™* (not
shown). The plot of peak height (Ipa) versus the
square root of scan rate (u*?) in the range of 0.06—
0.55 Vs was constructed for 1.0x102M COD. The
same diagram was obtained for 1.0x10*M ACT in
the range of 0.02-0.6 V s. The linear relationships
were obtained for ACT and COD respectively, as
follow:

I (MA) = 1306.5 u¥2(V¥25712) -155.58; R? = 0.9976 (1)

I (MA) = 499.24012 (V12 5712)-12.606; R? = 0.9949  (2)

Suggesting that electrode process of ACT and
COD were diffusion controlled. For diffusion
controlled irreversible anodic reaction (e.g. COD),
the peak potential, Ep, could be present by the
following equation [29]:

E, :EO—E RT Jln(RTkSJ+{ RT jlnv 3)
a,nkF a,nkF a,nkF

By drawing plots of Ep respect to logv as shown
in Fig. 5 the values of a and k_can be calculated.
The results of calculation for COD showed the
values of a, and k equal to 0.52 and1.2 s,
respectively.

For a reversible system (e.g. ACT)based on
Laviron theory the charge transfer coefficient (a)
and electron transfer rate constant (k) can be
determined by measuring the variation of AE_vs.
log scan rate. According to the slopes of E . vs. log
(v) for ACT. and using the following equations the
values of a could be obtained[31]:
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Fig. 5. Cyclic voltammograms of MWCNTs-MCM-48/ GCE in a 0.1 M PBS (pH 7) containing (A)
ACT 100 pM, (B) COD 100 uM, (inset Dependence of peak potential, E, on the logu).
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_ o' 2.303RT 2.303RT nF(1-a)
Epa E”+ (1—a)nF lOgU + (1—a)nF log RTKs (4)
e 2.303RT 2.303RT anF
Epc=E"- anF logv - anF log RTKs (5)

log ks = o log(1-a) +logo. - logﬁ RCOLL

nFv 2.3RT AEp (6)

By considering two electrons transferred for
ACT, cathodic (a ) and anodic (a.) charge transfer
coefficients of 0.4, 0.6 were obtained for ACT. By
substituting these values in equation 6 the value
of Ks was calculated to be 2.6. The large value of
the electron transfer rate constant shows the high
ability of the modified electrode for promoting
electron transfer between the ACT and the
electrode surface.

o mw -
~—

0.5 ] 1.5

Chronoamperometric study of Acetaminophen
and Codeine

Chronoamperometry study was utilized in
the evaluation of the diffusion coefficient of ACT
and COD. Fig.6. shows the chronoamperogram
obtained using MWCNTs-MCM-48/ GCE in
the presence of ACT and COD. The diffusion
coefficient, D, for ACT and COD were determined
using Cottrell equation:

I=nFDY?AC Y2t 2 (7)

Where D and C, are diffusion coefficient
(cm? s!) and the bulk concentration (mol cm™),
respectively.

Under the diffusion control condition, a plot of /
vs. t*2will be linear, and from the slope, the value

Asvlaminsphen

LuA

0.05 ol

Cuodeine

015 02 0.15
s

Fig. 6.chronoamperogram of MWCNTs-MCM-48/GCE at different concentrations; (A) ACT and (B) COD in a
0.1 M PBS (pH=7).Inset: (a) Cottrell plot and (b) linear dependence of Cottrell slopes versus concentration.
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of D can be calculated. Fig. 6 (inset A) shows the
experimental plots with the best fits for different
concentrations of ACT, and COD employed. The
slopes of the resulting straight lines were plotted
vs. the analytes concentration (inset B of Fig. 6).
The mean values of the D were estimated to be
7.58x10*" cm?s?and 4.97x10° cm? s for ACT and
COD,respectively.

Linear dynamic range and detection limit of the
method

The proposed method was employed for
determination of ACT and COD in PBS at the
optimum conditions. The experiments were carried
out by variation of concentrations of analyte in the
presence of the fixed concentration of the other.
Fig. 7 shows DPV and the corresponding calibration
curves obtained for various concentrations of ACT
and COD at MWCNTs-MCM-48/ GCE. The anodic
peak currents of ACT were proportional to the
concentration in two concentration ranges of 0.2-
40 pM with a calibration equation of:

Ip(pA) =1.1882 C (uM) + 0.4203; R?=0.9952,
and 80 - 350 uM with a calibration equation of:
Ip(pA) =0.1555 C (uM) + 58.586; R?=0.950.

In addition the obtained detection limit was
0.06 uM (S/N=3). For COD there were two linear
dynamic ranges 4 to70 pM with a calibration
equation of:

I (HA) = 0.5565C (uM)-0.2747; (R*=0.981),
and 150- 400 uM with a calibration equation of:

Ip(uA) =0.0479 C (uM) + 48.729; (R?>=0.965). The
detection limit of 0.9 uM (S/N = 3) was obtained.

Fig. 8. displays a chronoamperogram of the
response of a rotated modified electrode (2500
rpm) following the successive injection of ACT
and COD at the applied potential of 0.9 V in PBS
(pH=7).

BV vs. Agl AgCl
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Fig. 7. DPV voltammograms obtained at the MWCNTs-MCM-48/GCE for (A) ACT at different concentrations in the presence of 400
1M COD .Inset: calibration curve of ACT and, (B) COD at different concentrations in the presence of 40uM ACT. Inset: calibration
curve of COD.
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Fig. 8. Hydrodynamic Chronoamperometric response at rotating MWCNTs-MCM-48/GCE (rotating speed 2500 rpm) held at 0.90 V
in PBS (pH 7) for simultaneous determination of ACT and COD by successive additions of: (a) 1 uM of ACT and COD ; (b) 12 uM of
two analytes; (c) 96 uM of two analytes.

Table 1. Maximum tolerable concentration of interfering species.

Interfering species

COD Cini_(uM)°

ACT Cin_(uM)°"

Ascorbic acid
L-Glutamic acid
L-Alanin
Aspartic acid
Tyrosine

1000 900
750 600
450 500
550 450
850 700

*Cint refers to interfering compound concentration.

ACT the linear dynamic range was from 1 - 472
UM, with a calibration equation of:

Ip(uA) =0.2776C (uM) +0.8855; R?=0.9956 and
a detection limit of 0.33 uM (S/N = 3). For COD the
linear dynamic range was from 1-375 uM, with a
calibration equation of:

Ip(p.A) =0.2931C (uM) + 0.6264 (R?>=0.9973) and
a detection limit of 0.19 uM (S/N = 3).

Repeatability and long-term stability of the
electrode

The repeatability of the method was studied
by ten successive determinations of the 40
UM ACT and 100 uM COD solution using DPV
method. The relative standard deviations (RSD) of
1.5% and 1.6% for ACT and COD were obtained,

J Nanostruct 9(2): 190-201, Spring 2019
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respectively. These small values indicate that the
MWCNTs-MCM-48/ GCE is not subject to surface
fouling by the oxidation products. The stability of
MWCNTs-MCM-48-/ GCE was also explored. DPV
experiments were carried out using the modified
electrode that stored in solution or air for certain
period of time. For example, in the determination
of 40 uM ACT and 100uM COD in 0.1 M PBS (pH=7).
When the modified electrode (after 10 h storage)
was subjected to an experiment every 30 min, less
than 8 and 10 % decrease in the oxidation peak
currents of ACT and COD, respectively. When the
electrode was stored in the atmosphere for 10
days, the oxidation peak currents of ACT and COD
in the solution were reduced less than, 5.75 and
10.3 %, respectively. The results confirmed high
stability of the proposed modified electrode.
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Table 2. Determination of ACT and COD in human blood

ACT COD
Sample AC(T ;;Ii)d ed CO](:) ?V(Ii;j ed Found Recovery RSD Found Recovery RSD
K " (WM) (%) (%) (uM) (%) (%)

Blood - - <DL* - - <DL - -
Se(:l)m 2.6 1.00 2.6240.03 100.8 1.14 1.03+0.06 103 5.8
25.0 3.00 25.240.26 100.8 1.03 2.8840.16 96 5.5

Blood - - <DL - - <DL - -
Pl°° 23 1.00 2.31+0.03 100.4 1.30 1.07+0.08 107 75
asma 25.0 3.00 24.97+0.42 99.9 1.68 3.130.15 104 4.7

* Average of five determinations at optimum conditions.

Interference studies

The effects of common interfering species in
the presence of 20 uM ACT and 200uM COD by
DPV under optimum conditions were investigated.
Table 2 lists the tolerance limit for each potential
interferent ,which is defined as the concentration
of the interferent that gives an error of <10% in
the determination of ACT or COD.

The results show that the proposed method
is free from interferences of the most common
interfering agents.

Real sample analysis

The human blood serum and plasma samples
were diluted 100 times with PBS. Then various
amounts of ACT and COD were spiked in the
sample and then measured by DPV using MWCNTs-
MCM-48/GCE at optimum conditions.

Concentrations were measured by applying
the calibration plot using the standard addition
method.

The results are summarized in Table 2. The
good recovery values indicate good accuracy
of the proposed method. The experimental
results indicate that the proposed method has
great potential for the determination of trace
amounts of ACT and COD in biological systems or
pharmaceutical preparations.

CONCLUSION

In this work, a new application of a simple
sensor based on multiwalled carbon nanotube
and MCM-48 composite modified-glassy carbon
electrode (MWCNTs-MCM-48/GCE) is introduced.
The response of the MWCNTs—MCM-48/GCE for
the simultaneous and single sensing of ACT and
COD has been explored. The developed modified
electrode exhibited remarkable increase in peak
current and the electron transfer kinetics for
electroactive compounds and decrease in the

overpotential for the oxidation reaction

200

of these compounds. The simple fabrication
procedure, high speed, repeatability, high stability,
wide linear dynamic range, high sensitivity, good
selectivity and superior antifouling ability promote
the proposed modified electrode is an attractive
candidate for practical applications and to be an
effective sensor for direct determination of ACT
and COD in real sample.
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