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Electrochemical studies of methyl parathion on novel nanocomposites electrode
surface systems reached distinction in recent years because of their application in trace
determination. Cyclic voltammetric behaviours of methyl parathion on nanocomposites
modified glassy carbon electrodes at different pH in aqueous ethanol media were
carried out. Influence of pH led to the selection of pH 1.0 as the best pH for the
electroanalysis of methyl parathion. Voltamogram of pesticide exhibits two cathodic and
one anodic peak responding at all pH media with the novel modified electrode system.

The modified electrode shows one redox couple around the potential range from 0.1 to
0.3 V and one reduction peak around at - 0.75 V with higher peak current
responding to the modified electrode. The reduction peaks were selected for stripping
analysis owing to their maximum current response. The experimental parameters were
optimized using the differential pulse stripping mode. A calibration plot was made. The
determination limit and standard deviations were arrived. The applicability of the
method was also verified in a sample soil analysis.

1. INTRODUCTION

Electrochemical analysis based on chemically modified
electrodes has proved a sensitive and selective method for the
determination of organo phosphorus pesticides [1-3]. The
electrochemical detection can be accomplished rapidly
without tedious separation and might be suitable for
continuous monitoring. Direct electrochemical methods for
the detection ofelectro active electro-active organo
phosphorus pesticides compounds or applied electrochemical
and gravimetric techniques in conjunction with enzymes have
also been reported [4—6]. The determination of parathion and
its substituted derivatives has, therefore, become increasingly
important in environmental monitoring [7].

Most pesticides can be successfully analyzed by
chromatographic  techniques, but  because  of the
high price and immobility of the apparatus, the complexity
of the method and the necessary special preparation of the
samples [8].There are many methods for detecting methyl
parathion. Among them, traditional methods for detecting
methyl parathion residues include gas chromatography [9],
high performance liquid chromatography [10], mass
spectrometry [11] and electrophoresis [12]. Although these

analytical  techniques have high sensitivity and
reproducibility, there are still many disadvantages, such as
complex and expensive experimental instruments,
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complicated sample preparation and purification steps, and so
on. In addition, one of the major disadvantages of these
methods is the limitation of field and real-time detection,
which makes it impossible to be used in emergencies.
Therefore, people have made many efforts to seek a rapid,
sensitive, selective, accurate, and easy-to-detect pesticide
technology to replace these traditional technologies.
Electrochemical sensors are the best alternative to traditional
detection methods, because of their low cost, small size, good
portability, high sensitivity, and trace detection [13-17].

With remarkable achievements in nanotechnology and
nanoscience, nanomaterial-based electrochemical signal
amplifications have great potential of improving both
sensitivity and selectivity for electrochemical sensors and
biosensors [18]. Great progress has been made in using
highly active catalytic nanomaterials as substitutes for natural
enzymes. Due to the large surface area and many other
unique characteristics of nanomaterials, they have various
functions such as catalytic electrochemical reaction,
enhanced electron transfer, labeling, and reactants in
electrochemical sensing systems [19]. The growing concerns
about environmental health emphasize he necessity of
continuous monitoring of pollutants [20].

Graphene is a novel two-dimensional carbon
nanomaterial composed of a single layer of carbon atoms. It



V. Deepal et al.. / J. New Mat. Electrochem. Systems

has large specific surface area, high thermal conductivity,
excellent mechanical properties, and high charge mobility
and thus exhibits broad application prospects in the field of
electrochemical sensing [21, 22]. The structure of graphene
oxide is very similar to that of graphene, but it has a large
amount of oxygen-containing functional groups (common
forms include carboxyl groups, hydroxyl groups, carbonyl
groups, and epoxy groups, etc.) on the two-dimensional base.
These oxygen-containing groups are connected to graphite
oxide sheets by covalent bonds, which make graphene oxide
have excellent intercalation properties and give it good
hydrophilic properties. Therefore, graphene oxide is widely
used as a precursor of graphene. In previous literatures, the
reduction methods of graphene oxide mainly include thermal
reduction [23], optical reduction [24, 25], chemical reduction
[26,27], and electrochemical reduction [28-30]. While in
recent years, the method of electrochemically reducing
graphene oxide has been applied increasingly widely. In this
experiment, electrochemistry is a method of electrochemical
removal of oxygen-containing functional groups of graphene
oxide to produce graphene without special chemical reagents
and has fewer by-products. Among the carbon-based
materials are carbon nanotubes and graphemic carbon
nanomaterials. For instance, graphene-derived nanomaterials
are recognized owing to environmentally friendly synthesis
methods; for example, during EC synthesis of graphene,
nontoxic solvents are used; comparatively high yield is
obtained and minimum residual defects are formed [31].

As the main limitation for the use of this method is the
electrochemical inactivity of many pesticides, this paper
gives the essence of all electroanalytical methods for
pesticide quantification applied in the last period, with an
overview of the electrode materials and modifiers
applied with a purpose to enhance the

analytical quantification application.

2. EXPERIMENTAL
2.1. Materials and Methods

Methyl parathion (CAS No 298-00-0), Graphene oxide
(CAS no 7782-42-5) were purchased from Sigma-Aldrich
and all other reagents of supporting electrolyte chemicals
including solvents were purchased from Merck. The reagents
are used without further purification.

The electrochemical measurements were carried out by
CHI 650C electrochemical work station (CH Instruments,
Inc., U.S.A). Electrochemical studies were carried out in a
conventional undivided three-electrode cell using a
modified glassy carbon electrode (GCE) as a working
electrode (area 0.0341 cm?), AglAgCl as a reference
electrode and Pt wire as a counter electrode. Prior to each
electrochemical experiment, the electrolyte solutions were
deoxygenated with pre-purified nitrogen for 10 min unless
otherwise specified. Were prepared and used with different
pH solutions as supporting electrolyte for throughout the
electrochemical studies. The experiments are carried out
three times and the average value is used to plotthe
figures and calibration plots.

2.2. Synthesis and fabrication of Cu incorporated GO
nanocomposites
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Graphite oxide (GO) was prepared from graphite by
Hummers’ method and exfoliated with grapheneoxide in
water viaultrasonic agitation for 2 hrs. This method provides
a simple, low-cost, efficient, and reproducible method for the
production of GO using top-down methodologies. The
chemical composition of the resulting GO was dependent on
both the oxidation and exfoliation of the bulk graphite. The
structure of GO is stochastic because of the different nature
and distribution patterns of oxygen containing functional
groups. Theoretically, hydroxyl and epoxy functional groups
are located in the basal plane of GO [32, 33], while the
carbonyl and carboxyl groups are available at the edges of
the GO. Furthermore, the functional groups of GO have
served as adsorptive sites for doping CuNPs. GCE surface
was polished with 0.05 pm alumina slurry using a Buehler
polishing kit, then washed with distilled water and dried. 5 pl

dispersion of  Cu/graphene oxide NC was
dropped on the precleaned GCE and dried at room
temperature.

3. RESULTS AND DISCUSSION
3.1. Effect of pH

Cyclic voltammetry provides a fruitful insight into both
half reactions occurring at the working electrode surface and
the chemical or physical properties coupled to the target
electrochemical reaction. In cyclic voltammetry, initiating
from a potential (Ei), a staircase or linear potential sweep is
applied to the working electrode. When reaching a switching
potential is Ey, the potential sweep is reversed and returns to
its initial point. The data output of the voltammogram is a
current-potential curve, where the main features are the peak
potentials and currents at anode and cathode. The effect of
pH range was investigated from 1.0 to 13.0. The results
obtained are presented in Figures 1 and 2, the variation in the
pH has shown a distinguished effect on the reduction peak
current.
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Figure 1. Curve of peak potential against pH

The observed effect is a displacement of the
peak potential with more reduction. This effect on the
potential was expected with respect to the electrochemical
reactions that involve the consumption of protons to achieve
the reduction reactions. Under these conditions, proton-rich
media are expected to favor electron transfer at the electrode
surface. In the particular case of the reduction of the nitroso
group, the plot of the peak potential as a function of the pH
of the electrolytic solution is a curve line. There is also a pH
effect on the measured cathodic peak current. For the nitroso
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group, the general trend is a slight increase in the reduction
current with an increase of pH. For the nitro group, the
current intensities are higher in acidic media and drop sharply
when pH becomes basic. The best compromise for the pH of
the electrolytic solution corresponds to the value pH 1.0.
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Figure 2. Curve of reduction peak current Vs pH

3.2. Voltammetric studies

The voltammogram of 50 pM concentration of methyl
parathion was studied at various sweep rates from 50 to
250mV/s using nanocomposites modified GCE. Figure 3
represents the typical cyclic voltammogram of methyl
parathion exhibiting three ~ peaks  [34-39]. In the
first cycle, one main cathodic peak around 0.130 V and one
anodic peak in the range 0.600 V are observed. In the
second cycle, a new small cathodic peak around 0.400 V is
observed. As the sweep rate increases, the peak current
increases.
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Figure 3. Voltammetricbehaviour of 100 uM of methyl
parathion on Cu/GO modified GCE at different scan rate a)
50 b) 100 ¢) 150 d) 200 and ¢) 250 mV/s.

The second cathodic peak was considered as the scan rate
variation because it shows higher peak current value.
As the scan rate increases, the peak current also increases
linearly and presents Figure 4. A nonlinear correlation
between the peak current and the square root ofthe
sweep rate was observed and given Figure 5. These facts
suggest an adsorption-controlled reaction of MP on
nanocomposites modified electrode surface.
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Figure 4. plot of reduction peak current Vs scan rate
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Figure 5. Curve of reduction peak current Vs square root of
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Figure 6. Curve of reduction peak current Vs accumulation
potential

3.3. Differential Pulse Stripping Voltammetry (DPSV)

To carry out differential pulse stripping voltammetry on
copper incorporated graphene oxide nanocomposites
modified glassy carbon electrode, a preliminary confirmation
experiment was tried. The 100 nM MP test solution was
purged with nitrogen gas for 20 minutes anda
suitable accumulation potential was applied to the electrode.
The solution was stirred throughout of 120 seconds of
accumulation period. After a 10 secondrest period, a
differential pulse sweep under default conditions was run. A
systematic study of various instrumental parameters that
affect the stripping response has been carried out to establish
the optimum conditions.

3.3.1. Effect of Accumulation Potential and Time
The optimization of the accumulation potential was done
as the first part of this study. The potential was varied from
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100 to —600 mV (Figure 6) at an accumulation time of 60 s.
Maximum peak current was observed at -200 mV and it was
fixed as the optimum accumulation potential. This shows the
maximum adsorption of the substrate at this potential.
Pesticide  deposited  onthe  electrode surface  was
characterized by atomic force microscopy. The nanoparticles
composites coated surface exhibits a uniform granular and
fiber -mixed-like structure. After the accumulation of
pesticide of MP on nanocomposites, the surface observed
small size needle-like morphologies are presented in Figure-

raphy - Line fit a Topography - Line fit

Line ft 5.19nm

Line fit 5.18nm

Topography range

Line fit10.7nm

Figure 7. AFM photographs of a) Nanocomposites b) MP
adsorption on modified GCE

By varying the deposition time from 30 to 150 s, the
effect of deposition time was studied after fixing the
deposition potential at - 200 mV. The maximum current
response is observed at 120 s deposition time. Hence, this
accumulation time is taken as the optimum value for further
study.

3.3.2. Effect of Initial Scanning Potential

The initial scanning potential is another important
parameter as it confirms the non-faradaic nature of the
preconcentration step. It also controls both the peak potential
and peak current in the stripping voltammogram. The
influence of the initial potential on the peak current was
studied by varying the initial scan potential from 900 to 200
mV. Maximum peak current with better resolution was
observed at 600 mV. Hence, 600 mV was fixed asthe
initial scanning potential and the reproducibility of the
method was confirmed by making successive measurements.

3.3.3. Effect of Pulse Height and Width

Effect of pulse height was studied by varying from 25 to
150 mV. The optimum pulse height observed was at 50 mV.
Similar to pulse height, the pulse width was also studied by
varying between 25 and 150 ms. The sharp peak nature with
higher current was observed atthe pulse width of
75ms. Hence, the pulse width of 75ms was chosen as the
optimum value.

9.842pm~2
Sa  1075.2pm
sq  1557.3pm
Sy  42.1720m
sp  32.6820m
SV -9.4896nm
-18.628fm

9.842pm~2
sa  1.609nm
Sq  2.086nm
sy 20.184nm
Sp 13.364nm
sV -6.8201nm
Sm  -18.626fm
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3.3.4. Effect of Scan Increment and Scan Rate

The scan increment was varied between 2 to 18 mV
and the maximum peak current response was obtained at 6
mV scan increment.

After fixing the above parameters, the effect of scan
rate was also studied using MP solution of 100 nM
concentration. Scan rate was varied from 10 to 75 mV/s.
Highly resolved stripping response with maximum peak
current was obtained at the scan rate of 50
mV/s. The experimental parameters are optimized as
discussed above. The range of study and the optimum values
are given in Table 1.

Table 1.0Optimum parameters condition of DPSV of MP on
modified glassy carbon electrode at pH 1.0

Added lz:::\;:)d Recovery (%) R.S.D
(M) water | soil | water | soil | water | soil
50 46 48 | 92.00 | 96.00 | 32 | 23
100 92 94 | 92.00 | 94.00 | 2.7 | 3.1
150 143 | 145 9533 | 96.66 | 29 | 2.7
200 195 | 196 | 97.50 | 98.00 | 2.1 2.2
250 239 | 243 | 95.60 | 97.20 | 2.5 1.9
The spiked water sample was prepared by adding

known amounts of pesticide stock solution and pesticide-free
water and then allowing them to stand 24 hrs. The extract
was evaporated to dryness by gentle heating on a water bath.
The residue was transferred into a 250 ml calibrated flask,
dissolved in ethanol and made up to the mark. The MP was
determined by differential pulse stripping voltammetric
method. The percentage of recovery and relative standard
deviation of pesticides were determined and the results are
presented in Table 2.

Table 2. Recovery of methyl parathion percentage from soil
and water samples

Parameters Range Optimum
Accumulation potential (mV) | 100 to -600 -200
Deposit time (sec) 30to 150 120
Initial scan potential (mV) 900 to 200 600
Pulse height (mV) 25 to 150 50
Pulse width (msec) 25to 150 75
Scan rate (mV/sec) 10to 75 50
Scan increment (mV) 2to 18 6

3.3.5. Analytical Characteristic

The optimum and experimental conditions arrived were
used to study the effect of concentration. As the
concentration of MP increased, the current increased. A
typical DPSV response obtained under the optimum
experimental conditions 100 nM concentration of MP is
given in Figure 8. A calibration plot was made and shown in
Figure 9. This showedthe linear dependency of the
peak current on the concentration of substrate. The range of
concentration limits is 50 to 350 nM. The lower limit of
detection is 20nM. The precision of the method was
ascertained by measuring the peak current of the MP
responses in six standard samples. Ten replicates were
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analyzed and standard deviations were calculated for a
concentration 100 nM. The low value of standard deviation,
3.2 % indicates the good reproducibility and feasibility of
this method for the determination of MP.

0

03

Current / 1e-5A

(1]

reproducibility, appreciable storage stability. Besides, the
sensor has shown good recoveryin the determination of
spiked methyl parathion in water and
soil samples, indicating the potential application of this
method for real-time applications.
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