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In this work, we introduced a sensitive electrochemical sensor in order to accurately detect metanil yellow (MY). Multi-walled carbon
nanotube-chitosan (MWCNTs-Chit) nanocomposite was applied to fabricate the sensor on the glassy carbon electrode. The scanning
electron microscopy (SEM) was used to investigate the physical morphology of the modified electrode surface. The rate of the electron
transfers between MY and electrode can be quickened by the attendance of MWCNTs-Chit nanocomposite due the high surface area, good
conductivity as well as excellent catalytic property. The sensitively quantitative detection of MY was carried out by the monitoring increase
of differential pulse voltammetric (DPV) responses of the sensor. The prepared MWCNTs-Chit/GC electrode illustrated a linear response
to MY concentration in the range of 1.0-300.0 µM with a sensitivity and a limit of detection (S/N = 3) of 20.0 nA µM-1 and 0.3 µM,
respectively. Accordingly, to determine MY in real samples with satisfactory results, we applied the proposed sensor.
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INTRODUCTION
Metanil yellow (3-(4-Anilinophenylazo) benzene
sulfonic acid) (Fig. 1A) can be regarded as an azo dye. In
Azo dyes one can find the presence of one or more azo
bonds (-N=N-). It is worth mentioning that they can be
applied for industrial uses such as textiles printing, dyeing,
food, cosmetics, and textile industry [1,6]. The extensive
discharge of such dyes through wastewater effluents has had
considerable environmental concerns, both due to their
color and also many azo dyes and their breakdown products
(aromatic amines) which are toxic, carcinogenic, and not
readily biodegradable [7-10]. Thus, for both environmental
and health reasons, the accurate, sensitive and fast detection
of these dyes in industry or domestic effluents has gained
considerable attention. Some physicochemical methods,
such as high-performance liquid chromatography [11], thin
layer chromatography (TLC) [12,13] and solid phase
spectrophotometry [14,15] were applied for determination
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of MY. These methods are not only time consuming, but
also are economically unsuitable. So, in this work, a
method, having some specific advantages over other
methods regarding its time requirement, labor need,
material consumption, and simplicity, is proposed for the
determination of MY.
Recently, carbon nanotubes because of some specific
features such as electrocatalytic activity, wide potential
window, high electrical conductivity, and large surface-tovolume ratio have received considerable attention in
research activities for MWCNT-based sensors development
in the field of electroanalytical chemistry [16,18]. As a
polysaccharide, Chitosan (Chit) can be derived from
deacetylation of chitin. It is worth noting that Chit, due to
its significant features such as excellent film-forming
ability, high permeability towards water, good adhesion and
biocompatibility, has gained excessive attention in
constructing electrochemical sensors [19,20].
In this study, the analytical performance and the
fabrication of an electrochemical sensor-based MWCNTChit nanocomposite modified GCE have been reported. The
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Fig. 1. (A) Chemical structure of MY and (B) SEM image of MWCNT-Chit/GCE.

Fig. 2. Cyclic voltammograms (A) and Nyquest plots (B) for GCE (a) and MWCNTs-Chit/GCE (b) in the
presence of 5.0 mM Fe(CN)63-/4- solution containing 0.1 M KCl. Scan rate for the cyclic voltammetry
studies was 100 mV s-1.
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sensor was fabricated by drop-coating of nanocomposite on
the surface of GCE and it was successfully used to
determine MY. Based on our knowledge, the determination
of MY concentration in wastewater using electrochemical
method has not yet been reported.

MATERIALS AND METHODS

respectively, and ultrasonicated for 20 min until a
homogenous suspension of MWCNTs and chitosan was
obtained. Then, we aimed at mixing the two suspensions
and ultrasonicating them for 20 min. Next, 5.0 μl of the
suspension was coated onto GCE and air-dried freely at
ambient temperature. The obtained electrode was denoted as
MWCNTs-Chit/GCE.

Reagents

RESULTS AND DISCUSSION

MY, Chitosan and MWCNTs were purchased from
Merck (Darmstadt, Germany), and were used without
further purification. All other reagents were purchased from
Sigma-Aldrich, Merck or Fluka chemical companies. The
chemicals were in analytical grades and used as received
without further purification. Double distilled water was used
for the preparation of the solutions. The buffer solution
(0.1 M) was prepared from Na3PO4, NaH2PO4 and
Na2HPO4 while the pH was adjusted with 0.1 M H3PO4 or
1.0 M NaOH.

Characterization of
Modified Electrode

the

MWCNTs-Chit/GC

The SEM analysis was used in order to obtain further
information on the MWCNTs-Chit/GCE morphology.
Consequently, the results revealed that the GCE surface was
covered by numerous nanotubes which increased the area of
electrode and supplied active sites for the MY adsorption
(Fig. 1B).
The electrochemical characteristic of bare GCE and
MWCNTs-Chit/GCE were studied by CV, in 0.1 M KCl
solution which contained 5.0 mM K3[Fe(CN)6]/K4[Fe(CN)6]
redox probe at scan rate of 0.1 V s-1. Figure 2A illustrates
oxidation and reduction peaks. In comparison to the bare
GCE, the high intensity of peak current and low peak
potential separation ΔEp (Epa - Epc) can be explained by the
fast electron-transfer kinetic and large electroactive surface
area features of the MWCNTs-Chit nanocomposite.
The below Randles Sevcik equation and execution CV
were used to compute the electroactive surface area of the
sensing platform [21]:

Apparatus
The electrochemical measurements such as cyclic
voltammetry (CV), differential pulse voltammetry (DPV),
electrochemical impedance spectroscopy (EIS) and
amperometry were carried out using a μ-AUTOLAB
electrochemical system Potentiostat/Galvanostat (EcoChemie, Switzerland) equipped with NOVA 2.1 software. A
10 ml glass cell containing three electrodes was used to do
the measurements: a modified or unmodified GCE as a
working electrode, a platinum wire as an auxiliary electrode
and an Ag/AgCl (3 M KCl) as a reference electrode. During
the measurements, the PB in the cell was not stirred. The
scanning electron microscopy (SEM) images were obtained
with a Vega3-Tescan electron microscope, Czech Republic.
A Metrohm pH meter of 780 model from Switzerland was
used for adjustment of the pH.

I P (2.69  105 )n 3/ 2 AD1/ 2C V 1/ 2

where Ip, n, D (cm2 s-1), A (cm2), C* (mol cm-3) and v (Vs-1)
denote the peak current of probe, electron-transfer number,
diffusion
coefficient,
electroactive
surface
area,
concentration of K3Fe(CN)6 and scan rate of potential
sweep, respectively. From the slope of Ip vs. v1/2 plot, and
the D value for K3Fe(CN)6 = 7.6 × 10 -6 cm2 s-1 [22], and
n = 1, the electroactive surface area value of the MWCNTsChit/GCE and GCE was computed to be 0.064 and
0.0314 cm2, respectively. The results illustrated a
fundamental improvement in surface area, especially after
being modified by the MWCNTs-Chit nanocomposite.

Preparation of the Modified Electrode
Before modification, alumina slurry was used in order to
polish the glassy carbon electrode. Afterward, the electrode
was sonicated thoroughly with ethanol in order to separate
the impurities. Then, we aimed at drying it in air.
Afterwards, it was in 2.0 ml of DMF and acetic acid that
we dispersed 2.0 mg of MWCNTs and 1.0 mg of chitosan,
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Moreover, as it is evident from Fig. 2B, the EIS was
used to characterize the interfacial properties of the
modified electrode. In this sense, the classical semicircular
part in the high frequency region and the linear part in the
low frequency region are being consistent to the interfacial
electron-transfer resistance (Ret) and the diffusion process,
respectively. Figure 2B inset illustrates an equivalent circuit
achieved by the fitting EIS data. The standard Randles
equivalent-circuit model includes charge transfer resistance
(Rct), electrolyte resistance (Rs), Warburg impedance (W)
and the double layer capacitance (Cdl). On the modified
electrode (blue curve a) the Rct value was obviously
decreased, implying the relatively fast charge transfer
compared to the GCE. This result is in accordance with the
above CV observation.

order to construct the sensor.
Influence of supporting electrolyte pH. The pH of a
solution is an impressive factor in electrochemical sensing.
In order to investigate the pH effect on efficiency, the
oxidation peak potential (Epa) of MY signal was studied in
0.1 M PBS with a pH range of -0.7 to 0.7 at scan rate of
100.0 mV s-1. Figure 4A illustrates that the current response
of the modified electrodes is reversible and by increasing
the pH value, the formal potential (Eº) is shifted to the
more negative potential demonstrating that the protons
were participated in the oxidation process. The linear
relationship between the formal potential and the pH value
was expressed as follows: Epa = 0.6409 - 0.0563 pH
(R2 = 0.9852) (Fig. 4B). The slope of the plot of Eº vs. pH
value (56.3 mV) is near to the Nernst slope (59 mV)
demonstrating that an equal number of electrons and
protons have participated in the oxidation reaction. Unlike
Epa, the oxidation peck current (Ipa) of MY increased with
the pH from 2.0 to 7.0 and reached to the maximum value at
pH = 7.0 and, then, declined. Thus, the pH = 7.0 was chosen
for the following electrochemical experiments (Fig. 4C).

Electrochemical Behavior of MY at the MWCNTsChit/GC Modified Electrode
The CV evaluated the electrochemical behavior of MY
on both the modified and bare GC electrodes at the scan rate
of 0.1 V s-1 in the PBS (0.1 M, pH = 7.0) (Fig. 3).
Evidently, redox peak currents of MY (Ipa and Ipc) on
MWCNTs-Chit/GCE (curve b) represented much higher
peak currents than those on the bare GCE (curve a) as
well as peak potential shift to negative values (shift
value ~ 0.1 V) with peak separation value more less than on
the bare GCE. This excellent increases in intensity of the
MY peak currents and shifts of peak potential can be
expressed as an excellent catalytic effect of nanocomposite,
indicating that the MWCNTs-Chit nanocomposite was a
favorable electrochemical sensing-material for accurate and
rapid determination of MY.

Effect of the Potential Scan Rate
Figure 5A illustrates our aim at recording CVs in PBS
(pH 7.0) at different scan rates. Accordingly, the reaction
kinetics for MY electrooxidation on MWCNTs-Chit/GCE
surface were obtained. The oxidation and reduction peak
currents (Ipa and Ipc) of 0.3 mM MY were linearly increased
(Fig. 5B) which clarified the point that electrochemical
reaction of MY can be regarded as a diffusion controlled
process.
We reached a linear relationship between the redox
potentials (Epa and Epc) and logν with the regression
equation as Epa = 0.0634 logν + 0.1322 (R2 = 0.9957) and
Epc = -0.0609 logν + 0.2409 (R2 = 0.9924), respectively
(Fig. 5C). Based on the Laviron's equation [23] (Eq. (1) and
Eq. (2)) and measured values for Sa (Sa = 2.3RT/(1 - α)nF)
and Sc (Sc = -2.3RT/αnF), the  value calculated from the
ratio, Sa/|Sc| = (/(1 - )) was found to be 0.51 and n was
calculated to be 1.93 (2).

Optimization of Experimental Variables
Optimization of the MWCNTs-Chit-modified GCE
fabrication. We investigated the effect of the MWCNTs
amount and Chit on the modified electrode response. 5.0 µl
MWCNTs-Chit suspension of different MWCNTs and Chit
amounts were dropped onto the GC electrode and dried at
room temperature to obtain different MWCNTs-Chit/GC
electrodes. The results clarified that the current response of
the sensor reached maximum value when the ratio of
MWCNTs to Chit is 2.0. Therefore, 2.0 mg ml-1 of
MWCNTs and 1.0 mg ml-1 of Chit suspension were used in

E Pa  E 0 '  2
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Fig. 3. CVs of GCE (a) and MWCNT-Chit/GCE (b) recorded in 0.1 M PBS (pH = 7.0) containing 0.3 mM MY at scan
rate of 100 mV s-1.

Fig. 4. (A) CVs of GC/MWCNTs electrode in 0.3 mM MY at various pHs of PBS (pH = 2.0, 4.0, 6.0, 7.0, 8.0, 9.0
and 10) for left to right, respectively, scan rate of 100 mV s-1. (B) The relationship between the formal
potential and pH.

E Pa  E 0 '  2

3RT
log v
nF

(2)

transfer coefficient, n is the number of electrons transferred
in electrode reaction, v is the scan rate of applied potential
range, R, T and F represent their usual meaning. In this

Accordingly, in Eqs. (1) and (2), α is the electron369
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Fig. 5. (A) Cyclic voltammetric responses of a MWCNT-Chit/GC electrode in PBS (pH 7) at scan rates (inner to
outer) of 5.0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 and 110 mV s-1. (B) Plot of peak currents vs. the square
root of scan rate and (C) Variation of peak potential vs. logv.

Fig. 6. (A) DPV response of different concentrations of MY (10 to 300 µM) in pH 7.0 PBS. (B) Linear curves of
oxidation peak current vs. different concentrations of MY.
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Fig. 7. Influence of the coexisting substances on the electrochemical response of MY on MWCNTs-Chit/GCE;
solution composition: (1) 0.15 mM MY in 0.1 M PBS (pH = 7.0); (a to k) with 1.0 mM (a) sunset yellow
(oxidation potential in PBS pH = 7: ~ 7.5 V), (b) tartrazine (~ 9.5 V), (c) brilliant blue (~ ˗0.3), (d)
vitamin C (~ ˗0.15 V), (e) sodium salicylate, (f) sodium acetate, (g) glucose, (h) citric acid, (i) crocin
(~ 0.6 V), (g) benzoic acid and (k) safranal (~ 1.1 V).

Table 1. Determination of MY in Wastewater Samples (n = 5)
Sample

Wastewater

Added

Founded

RSD

Recovery

(μM)

(μM)

(%)

(%)

0

0

-

-

10

10.12

2.5

101.2

25

24.6

2.6

98.4

50

51.7

3.0

103.4

sense, the number of H+ in the reaction is 2 due to the fact
that we have the same number of electrons and protons in
the electrode reaction.

found to be proportional to its concentration in the
range of 1.0-300.0 µM with linear regression equations of
Ip (μA) = 0.02 C (μM) + 1.0155 (R2 = 0.9925) (Fig. 6B). By
applying the equation of LOD = 3.3σ/m, σ is the standard
deviation of the response for blank solution, m is the slope
of the calibration curve and the limit of MY detection
(LOD) was calculated as 0.3 µM.

DPV Determination of MY
DPV was used in order to study the sensing
performance and the applied possibility of MWCNTsChit/GC modified electrode toward MY detections. As
Fig. 6A illustrates, under the optimal experiment
conditions, the typical DPV curves were recorded for MY
oxidation. The anodic peak currents (Ipa) of MY were

Reproducibility and Long Term Stability
It was in MY solution that the electrode-to-electrode
reproducibility was also tested between five different
371

Roushani et al./Anal. Bioanal. Chem. Res., Vol. 7, No. 3, 365-373, July 2020.

modified electrodes. The resulting relative standard
deviation (RSD) anodic peak currents was calculated to be
2.3%, indicating an acceptable reproducibility of the sensor
in the MY detection.
The stability of the MWCNTs-Chit/GCE toward MY
determination was inspected by repetitive cycling of the
electrode potential over the range of -0.7 and 0.7 V in PBS
(pH 7.0) congaing 50 µM MY. The results indicated that
after 50 repetitive cycles at a scan rate of 100 mV s-1, a
noticeable change was not observed at the peak current
intensity and potential separation during 50 cycles. One of
the important advantages of this study is high stability of the
modified electrode response which can be contributed to the
efficiency of the MWCNTs-Chit/GCE nanocomposite in
oxidation of MY.

accuracy reveals the applicability of the proposed sensor for
analysis of MY in real samples.

CONCLUSIONS
This work presents an electrochemical method based on
modified GC electrode using MWCNT-Chit nanocomposite
for determination of MY by DPV technique. The modified
electrode displayed excellent catalytic activity to MY
oxidation. Under optimized conditions, the fabricated sensor
showed acceptable reproducibility, low detection limit, high
selectivity and long term stability toward the MY
monitoring. The sensor was applied to determine MY in real
a sample with satisfactory results.
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