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Rapid methyl parathion detection was measured using a fabricated glassy carbon electrode
(GCE) sensor designed using the layer-by-layer (LBL) method. Multilayer assemblies were
developed on the glassy carbon electrode by alternating depositions of anions and cations in
which a Dawson Type Polyoxometalate β-K6[(P2W18O62·H2O)]·14H2O (~P2W18 POM) and
polyethyleneimine (PEI) stabilized silver nanoparticles (~PEI-AgNPs) acted as anions and
cations, respectively. The redox behavior of P2W18 POM within LBL assembly was carried
out via cyclic voltammetry. This LBL assembly was thoroughly characterized by UV-Visible, FT-
IR, XRD, AFM, and SEM techniques. The fabricate GCE sensor was investigated for the
electrocatalytic activity to detectmethyl parathion. The results clearly showed that the fabricated
GCE sensor was successfully synthesized. More interestingly, the current response for
detecting methyl parathion was found to be less than 1 ppm, proving that this fabricated
GCE sensor may exhibit potential applications in the detection of targeted pesticide.
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1 INTRODUCTION

Pesticides play a vital role in different fields, being used as in the agricultural field for pest and weed
control (Hussain et al., 2020) and for harvesting crops (Zheng et al., 2020), in homeland security, as a
warfare agent, and also in food security (Facure et al., 2017). Pesticides contain a chemical used to kill
unwanted organisms that can be present in different public places, i.e., gardens and agricultural areas
(Hassaan and El Nemr, 2020). Among worldwide used pesticides, which are applied to control pests,
approximately 36% belong to the organophosphorus pesticide class (Oultaf et al., 2022). Pesticides
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have the potential to decrease losses in crop production, especially
from pests. Therefore, a pesticide is an integral part of crop
production (Van Den Berg et al., 2022). Some pesticides exhibit
photochemical transformation reactions for producing
metabolites that have nontoxic effects on the environment and
human health (Aktar et al., 2009). Pesticides have been
manufactured all over the world, however, the United States is
the top supplier of pesticides with ten billion tons of pesticides’
production per annum. One-third of global crops are spoiled
during harvesting, growth, and stowing without pesticides
(Parham and Rahbar, 2010). Some pesticides in combined
form have specific harmful effects on living organisms such as
cancer and endocrine disorders (Sousa et al., 2020), neurological
diseases, immune system destruction, ocular or endocrine
disruption, and dermal disorders (Negatu et al., 2016). In
1970, organophosphate pesticides were introduced in the
market, and they are now the largest class of pesticide. The
compounds which contain phosphorous are called
organophosphate (OPs) (Febbraio et al., 2011).
Organophosphates (OP) have nitro-phenyl groups or halogens
(which are electrochemically active compounds). There are some
methods for detecting methyl parathion. Among them,
traditional methods for detecting MP include analytical
methods i.e., gas chromatography-mass spectrometry (GC-
MS), liquid chromatography (LC) (Luo et al., 2021),
fluorescence, capillary electrophoresis (Attig et al., 2021), and
high-performance liquid chromatography (HPLC) (Wolff et al.,
2004). These analytical techniques have many disadvantages,
such as involving expensive instruments and having
complicated steps during sample preparation. Therefore, a
sensitive, selective, and accurate method is needed to replace
the analytical methods. Modern methods are considered cheaper,
have a short detection time, are easy to handle, and are more
portable compared to traditional detection methods. Modern
detection methods include cyclic voltammetry (Hou et al.,
2019), amperometry (Silva Junior et al., 2021), and impedance
spectrometry (Kumaravel et al., 2021). Electrochemical sensors

have been widely used for the detection of organic species,
contaminants in the environment (Iqbal, 2020; Shanmugam
et al., 2021; Sher et al., 2021) such as heavy metals (Jin et al.,
2014), pesticides (Akyüz et al., 2019), and the composition of
medicine. Electrochemical methods can reduce and oxidize
analytes simultaneously. These methods have the ability to
detect the contaminants with high selectivity and sensitivity
(Shoaib et al., 2017; Bahadur et al., 2019; Bilge et al., 2021). In
this view, modifying an electrode surface with appropriate
nanoparticles that deliver excellent electrocatalytic capability to
detect the pesticides on the electrode surface is a beneficial
approach to fabricate a chemical sensor with excellent
analytical performance. Numerous nano-materials, nano-tubes,
and nano-composites have been studied in the reported
literatures for the electrochemical detection of pesticides (Bolat
and Abaci, 2018; Tian et al., 2018).

Polyatomic anions such as niobium, tungsten, vanadium, and
molybdenum are transition metal oxides that may be utilized to
build inorganic hybrid materials (27). The general formula of
Polyoxometalate is XaMbOcn-; heteroatom X (Co, Si, Mn, P, and
Fe, etc.) and metal M (Mo, W, V, and Nb, etc.) (28).
Polyoxometalate (POM) are compounds of d-block transition
metal coordinated with oxygen atoms (24). POM belongs to the
inorganic metal oxides cluster family, and these metal oxides have
a negative charge (25). POMs exist in an oxygen-rich complex
with controllable size, shape, and charge (26). POMs can accept
the numerous electrons giving rise to mixed-valence species and
have the ability to connect with d–block transition metals at
specific sides. These connections would apply to electronic,
optical, and magnetic properties for making new substances
(Baaalla et al., 2021). POMs have the dramatic capability to
mix with water and some organic solvents, and on solid-state
properties, they may be applied as homogenous catalysts (Vila-
Nadal et al., 2012). The types of POM include Dawson, Kegging,
Anderson, hourglass, and sandwich (Ying et al., 2019; Lan et al.,
2020; Tian et al., 2020). POMs have many applications in
different fields, such as acting as a photocatalyst for H2
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production (Gao et al., 2021). Protein-based POMs may be used
for enhanced anti-bacterial activity in the biological field (Zhao
et al., 2020) and in electrochemical studies for the detection of
toxic compounds (Kowsalya et al., 2019). POMs may have been
used for the fabrication of many types of substrates i.e., glassy
carbon electrodes (GCEs) and screen-printed electrodes (SPEs).
Various methods have been employed to fabricate POMs,
including the layer-by-layer method (LBL) (Yaqub et al.,
2022), electrochemical deposition method, Langmuir Blodgett
method, and sol-gel process. The LBLmethod involves multilayer
buildup by using both cationic and anionic species with alternate
deposition (Ali et al., 2020). LBL method has been found suitable
for the deposition of polyelectrolytes, control over film growth,
and thickness of the film at the nanometer scale. By using this
method the deposited films were mechanically robust and
permeable for small molecules (Ammam, 2013).

In this article, we report that the active surface of the electrode
with the fabrication of both anionic POM and cationic PEI-
AgNPs was done by self-assembled layer-by-layer technique. The
multilayer film was prepared by alternating depositions of
cationic and anionic species and the composite film was
characterized by UV-visible spectroscopy, FT-IR, XRD, AFM,
and SEM. This hybrid film was used for the detection/sensing of
targeted pesticides (MP) via the cyclic voltammetry technique. It
has shown Dawson type Heteropolyoxoanions glassy carbon
electrode sensor for detecting pesticides, which have multilayer
films prepared by alternate deposition. These multilayer films
show excellent electro-catalytic activity for detecting toxic
compounds due to their nontoxic effects and eco-friendliness,
which make it more applicable for future food safety and
industrial and agricultural processes.

2 MATERIALS AND METHODS

2.1 Chemicals
The parent Dawson Polyoxometalate was synthesized according to
the literature (Content et al., 1990). Sodium tungstate
(Na2WO4·2H2O) (Sigma), orthophosphoric acid (85%) (H3PO4)
(MERCK), ammonium chloride (NH4Cl) (DAEJUNG), potassium
chloride (KCl) (DAEJUNG), potassium hydrogen carbonate
(KHCO3) (MERCK), silver nitrate (AgNO3) (CARIOERBA),
polyethyleneimine (PEI) (Sigma Aldrich), and distilled water
(Reservoir Elga) are all analytical grade chemicals that were used
in the synthesis. Different electrolytes were prepared for
electrochemical measurements (0.1M Na2SO4), (0.1M Na2SO4 +
20mM CH3CHOOH) and 0.04M Britton Robinson Buffer.
Dawson/PDDA PEI-AgNPs fabricated GCE was prepared for
electrochemical measurements (cyclic voltammetry) after purging/
degassing of all buffers.

2.2 Preparation of Polyethyleneimine
Stabilized Silver Nanoparticles
The current research is shown in Scheme 1. Silver nanoparticles
(AgNPs) were prepared by dissolving silver nitrate (16.9 mg) in
10 ml distilled water followed by the addition of 300 µL
polyethyleneimine (PEI). The solution container was wrapped
entirely with covered aluminum foil and heated at 80°C until a
light brown color appeared (40).

2.3 Electrochemical Procedure
Electrochemical studies were done on Gamry Potentiostat
using a 3-electrode system. A glassy carbon electrode was

SCHEME 1 | The current investigation is shown in diagram form.
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used as a working electrode. Silver-silver chloride (Ag/AgCl)
electrode saturated in Potassium Chloride (KCl) was used as a
reference electrode. Platinum wire was used as a counter for
cyclic voltammetry characterization. Electrolytes were taken in
the cell. All three electrodes (modified electrode that acts as
working electrode, reference electrode, and counter electrode)
were dipped in the cell. A glassy carbon electrode (GCE) was

used as a working electrode and polished with alumina powder
of 1.0, 0.3, and 0.05 micron, respectively. GCE was dipped in
0.5 ml polydimethyldiaylammomium chloride (PDDA)
solution for 30 min and then slightly rinsed with distilled
water after removing from PDDA solution. After that, the
electrode was dipped in the metal substituted POM for 20 min.
PDDA/Dawson POM-based modified electrode was again

FIGURE 1 | SEM of multilayer assembly (A) outermost layer is AgNPs, (B) outermost layer is POM at 500 nm.

FIGURE 2 | AFM image; (A)Bare/SPE (B) PDDA/SCPE (C) PDDA/P2W18 POM/PEI-AgNPs/SCPEwith outer layer PEI-AgNPs (D) PDDA/PEI-AgNPs/P2W18 POM/
SCPE with outer layer of POM.
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rinsed with distilled water to remove unwanted material. Then
the modified electrode was dipped in 0.5 ml PEI-AgNPs for
20 min. The same procedure was followed to build up sixteen
layers on the GCE.

2.4 Instrumentations
Ultra-violet visible characterization of synthesized silver
nanoparticles was carried out by using a UV-Visible
spectrophotometer (PARKEN ELMER LAMDA 750).
Distilled water was used in the whole process. Fourier
transform infrared analysis was performed on the Thermo
Fisher Scientific FTIR and used for characterizing the
synthesized Dawson POM in powder form. Scanning
electron microscope (SEM) characterization was carried out
by using NOVA NANO SEM at 500 nm. SEM characterized
the multilayer formation of synthesized nanoparticles and
Dawson POM. Multilayer formation was developed on the
glassy carbon electrodes. X-ray diffraction determined the
crystalline structure and phase and was carried out using
Bruker D8 XRD. The structure of synthesized POM and
buildup multilayers film on the active surface of the
modified screen-printed electrode (SCPE) was also
characterized via XRD. Atomic force microscope gave
information about 3-D topography by using AFM-PARK
XE7. Built up multilayers of Dawson POM and PEI
stabilized AgNPs on SCPE for analysis.

3 RESULTS AND DISCUSSIONS

3.1 Characterization With Physical Methods
3.1.1 UV-Vis Spectroscopy Characterization
Using PEI solution, preparation and stabilization of silver
nanoparticles were carried out to make chelate of transition
metal ions (silver metal ions) with amino groups in PEI,
which were confirmed by UV-vis spectroscopy. As shown in
Supplementary Figure S1, the color change from colorless to

brown solution confirmed the preparation of PEI-Ag NPs. UV-
vis spectrum of PEI- Ag NPs exhibited the absorption (λmax) peak
at 430 nm which is in good agreement with data described in the
literature (Kim et al., 2010; Imar et al., 2015; Wen et al., 2017).

3.1.2 FT-IR Studies
FTIR spectra exhibited characteristics vibration bands of Dawson
Polyoxometalate compounds in 4000-500 cm−1. The peak values
revealed terminal W=O and v (P-O) vibrations, whereas bridge’s
vibrations of inter and intra tungstate-oxygen-tungstate (W-Ob-
W) bands in the range of 700 and 900 cm−1 were presented in
Supplementary Table S1 (43). Supplementary Figure S2
showed the physical appearance of Dawson-type POM. In
Supplementary Figure S3, the characterization bands of
heteropolyanions are between 700 and 1,100 cm−1, which
proved the Dawson structure.

3.1.3 X-Ray Diffraction Analysis
The spectra Supplementary Figure S4 showed that the designed
materials were in amorphous form and the main diffraction
angles were recorded at 2 thetas (12°, 15°, 24°, 26°, 31°, 32°, 36°,
55°, and 53°) and two thetas (26.7°, 28.55°) for the Dawson POM
and fabricated PDDA/P2W18 POM/AgNPs/SCPE respectively.
There was good agreement with the data described in the
literature (Modvig et al., 2019). P2W18 POM and PEI-AgNPs
were used for multilayer formations on the screen-printed
electrode (SCPE), and XRD characterization showed the
amorphous structure of fabrication of PDDA/P2W18 POM/
PEI-AgNPs on the active surface of screen printed electrodes
(SCPEs) with multilayers (Zhao et al., 2021).

3.1.4 Scanning Electron Microscope Studies
Changes in films morphology of fabricated samples with P2W18

POM and PEI-AgNPs deposited on PDDA modified electrodes
were examined via scanning electron microscope. SEM image of a

FIGURE 3 | CV of GCE, P2W18 POM containing electrolyte in 0.1 M
acetate buffer with scan rate 100 mVs−1.

FIGURE 4 |CV of PDDA/P2W18 POM/PEI-AgNPs/GCE in 0.1 M acetate
buffer at different scan rates 10 to 400 mVs-1.
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modified electrode with POM and PEI- AgNPs (outer layer)
deposit film exhibits the aggregates with an average size of
500 nm, as shown in Figure 1A. SEM image of modified
electrode PEI stabilized AgNPs and POM (outer layer) deposit
film exhibit the construction of identical agglomerates with size is
500 nm, as shown in Figure 1B.

3.1.5 Atomic Force Microscope Studies
Surface images of Dawson POM and PEI-stabilized AgNPs
deposited on screen-printed electrodes were performed by
Atomic force microscope (AFM) and are shown in Figure 2.
Atomic force microscope images were conducted at intervals
throughout the multilayers via deposition method to investigate
the variations in the topography during the process. Images of
samples such as blank/SCPE (A), PDDA/SCPE (B), PDDA/cobalt
substituted Dawson POM/PEI-AgNPs/SCPE with outer layer
PEI-AgNPs (C), and PDDA/PEI-AgNPs/cobalt substituted
Dawson POM/SCPE with outer layer cobalt substituted
Dawson POM (D) were used to find the topography of the
multilayers. An AFM image obtained with PDDA/SCPE has a
more spherical structure indicative of polymeric film. These
structures of all LBL films have a hemispherical shape (Anwar
et al., 2014).

3.2 Electrochemical Measurements
3.2.1 Solution Electrochemistry
The electrochemical redox properties of cobalt substituted
Dawson POM were recorded in 3 ml acetate buffer (0.1M
Na2SO4 and 20 mM CH3COOH) via cyclic voltammetry (CV)
technique. One reversible redox pair I-I’ exhibited and redox
potential E1/2 = (Epa + Epc) is—0.650 mV correlated with redox
behavior of tungsten-oxo framework of (P2W18) Dawson type
Polyoxometalate in cyclic voltammograms (Imar et al., 2015),
which are shown in Figure 3.

[P2W18O62]6− + 2e− + 2H+#[H2P2W18O62]6−
[H2P2W18O62]6− + 2e− + 2H+#[H4P2W18O62]6−

3.2.2 Multilayer Formations on Glassy Carbon
Electrodes
The polydimethyldiallyammonium chloride (8% PDDA) was
introduced to prepare glassy carbon electrodes (GCE). A glassy
carbon electrode was polished with alumina powder and dipped
in 0.5ml 8%PDDA solution (polycations). CVwas recorded in 10ml
acetate buffer pH 3.5 in Supplementary Figure S5A. Multilayer
formation depends on cationic and anionicmoieties.Multilayers were
built up with P2W18 POM and AgNPs stabilized with
polyethyleneimine on PDDA/GCE modified electrode with layer-
by -layer (LBL) method and degassing with nitrogen gas before each
layer formation. CV was recorded in 0.1M acetate buffer pH 3.5 at a
scan rate of 100mV/S after formation. In multilayer formation, the
outermost layer was P2W18 Dawson Polyoxometalate, anionic
moieties. In Supplementary Figure S5B, the peak of current (uA)
increases gradually in the redox couple I, increasing the number of
layers and decreasing peak to peak separation in recorded CV. The
incorporative AgNPs exhibited a small increase in the current peak
during the construction of multilayers. A slight anodic shift was
examined for the W-O redox process with layer-by-layer assembly
immobilization associated with the POM solution response, which
demonstrated the interactions between POM and PEI-stabilized
AgNPs within the construction of multilayers (Anwar et al., 2014).

FIGURE 5 | (A)Cyclic voltammograms of multilayers assemblies of fabricated P2W18 POM/AgNPs/GCE in pH 2, 4 and 6 (0.1M Acetate buffer) at scan rate 100mV/
S.(B) pH versus reduction potential E1/2.

TABLE 1 | pH study of fabricated P2W18 POM/AgNPs/GCE.

pH Cathodic peak E

pc Sukirtha and Usharani
(2013)

Anodic peak E

pa Sukirtha and Usharani
(2013)

E1/2

2 −0.6199 −0.7599 −0.68599
2.5 −0.6537 −0.7479 −0.70085
3 −0.6839 −0.8058 −0.74485
3.5 −0.7179 −0.9639 −0.8109
4 −0.7399 −0.0893 −0.85119
4.5 −0.7539 −0.9198 −0.88685
5 −0.8059 −0.9939 −0.9599
5.5 −0.9979 −1.172 −1.00847
6 −1.032 −1.2 −1.0406
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3.2.3 Scan Rate Study
For scan rate study, a glassy carbon electrode was modified with
P2W18 POM and PEI-AgNPs. After making multilayers, a scan
rate study of fabricated P2W18 POM/AgNPs/GCE modified

electrode was carried out via cyclic voltammetry. 0.1 M acetate
buffer, pH 3.5 was used in the 3-electrode system. Figure 4 shows
cyclic voltammograms of multilayers of PDDA/POM/AgNPs at
10 to 400 scan rate mVS−1 on GCE. In cyclic voltammograms,

FIGURE 6 | (A) Permeability of P2W18 POM towards K3Fe (CN)6 redox probe diffusion. Cyclic voltammograms were recorded at pH 2 acetate buffer, Scan rate
100 mVS−1 before and after added layer. (B) Fabricated GCE (16 multilayers) with the anionic outermost layer. Scan rate 100mV/S.

FIGURE 7 | Chemical mechanism of methyl parathion reduction.

FIGURE 8 | (A)Methyl Parathion catalysis on the P2W18 Polyoxometalate LBL composite films. CV of P2W18 Polyoxometalate-AgNPs multilayer in each step was
recorded before adding analyte (black) curve and after adding analyte; (0.2–2.0 mM), pH 4.5, and scan rate 10mV/S. (B) Electro-catalytic for detection of methyl
parathion on LBL film of P2W18 POM with multilayers.
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redox couples exhibited a gradual change in oxidation and
reduction peaks. Scan rate study depends on the anionic
moieties (POM as the outermost layer). The current was
increased with the increase of scan rate mVS−1.

3.2.4 pH Study
The pH study of P2W18 POM depends on the pH of the buffer. In
electrochemical measurements, reduction of P2W18 POM went
together with protonation. Oxidation and reduction peaks of
P2W18 POM vary with the pH of the buffer. Therefore, the
electrochemical study was pH-dependent. Three different types
of acetate buffers were prepared for pH study. The first acetate
buffer was 0.1 M Na2SO4 at (pH = 2, 2.5, and 3). The second
acetate buffer was 0.1MNa2SO4 and 20 mMCH3COOH at (pH =
3.5, 4, 4.5, and 5). The third was 0.1M Na2SO4 and Na2H2PO4 at
(pH = 5.5 and 6). All pH studies were carried out via the cyclic
voltammetry technique. Figure 5A presents fabricated P2W18
POM/PEI-AgNPs/GCE, which was used for pH studies at a scan
rate of 100 mVS−1. It was discovered that film showed the stable
redox activity linked with Tungsten-oxo centers within Dawson
POM between pH ranges 2 to 6 based on acetate buffers solution.
Dawson POM exhibited a redox process and shifted cathodically
with the pH increase and the number of protons linked with each
redox process. In Figure 5B, the current decreases when the pH
value of the electrolyte increases. The resulting slope value of
Dawson POM was examined at 0.017 mV/pH due to the addition
of proton per monoelectronic redox process in solution (Anwar
et al., 2014; Zhou et al., 2021). Calculated E1/2 values at different
pH are presented in Table 1 (Sukirtha and Usharani, 2013).

3.2.5 Permeability of Layer-By-Layer Films
The permeability of layer-by-layer (LBL) films was investigated
through cyclic voltammetry (CV) towards cationic and anionic
redox probes, such as potassium ferricyanide K3[Fe(CN)6], and
characterized by monoelectronic redox process. Redox
transformations occurred on the electrode surface or within
LBL film after diffusion by the redox probe. Figure 6A
exhibited the cyclic voltammogram of bare GCE and
fabricated GCE with PDDA, P2W18 POM, and PEI-AgNPs
layer-by-layer film depending on the number of layers and
outermost layer (Fay et al., 2005). Fe (CN)6 can penetrate the
multilayers and react at the bare GCE. Repulsion produced
between the outer anionic layer and Fe (CN)6 significantly
increases the peak-to-peak separation. Fabricated GCE with
LBL films led to suppressing the redox probes’ peaks, which
created difficulty for the probe for diffusion in the layer-by-layer
(LBL) films at the GCE. Surface permeability of fabricated GCE
(eight multilayers) with cationic PEI-AgNPs (outermost layer)
exhibited redox activity of the anionic probe at the GCE due to
electrostatic interactions between the anionic probe and cationic
layer (outermost layer).

In Figure 6B, fabricated GCE (16multilayers) with anionic POM
(outermost layer) showed no redox activity due to unfavorable
electrostatic repulsion between the anionic probe and outermost
layer. The cathodic current increased the redox processes by
increasing film thickness determined in the presence of anionic
probe, resulting in electrocatalytic reduction due to electron transfer

from cationic species (Naseer et al., 2015). The experiment was
carried out in 0.1M acetate buffer at pH 2, 0.1MNa2SO4, and 1mM
Potassium ferricyanide K3[Fe(CN)6] solution was prepared for
permeability at scan rate 100mV/S (Anwar et al., 2014). A small
reduction in current peaks associated with the redox process of the
electrode can be investigated with the increase in peak-to-peak
separation on fabricated GCE while decreases in peak-to-peak
separation can be seen on bare GCE (Imar et al., 2015).

3.2.6 Electrochemical Response of P2W18
Polyoxometalate
The electrochemical performance of P2W18 Polyoxometalate
towards methyl parathion was investigated in 0.04M Britton
Robison Buffer at pH 4.5 via cyclic voltammetry. Chemical
mechanism of methyl parathion reduction is given in Figure 7.
Figure 8A shows the CV curve of P2W18 Polyoxometalate in the
presence and absence of methyl parathion along with fabricated
PDDA/P2W18 POM/PEI-AgNPs/GCE. With the addition of 20 µL
methyl parathion, the reduction peak current increases gradually.
The penetration of transition centers with heteropolyanions
enhanced the catalytic behavior and generated highly reduced
products by the electrons from the reduced W-O framework.
These results exhibited a reduced form of HPA that catalyzes the
methyl parathion reduction. Catalytic current peak (−0.7V)
increased with the increase of MP concentration. Sensitivities
were assessed with a linear range of 0.2–2.0 mM. The detection
limit was achieved at 29 µM methyl parathion detection at LBL
composite PDDA, P2W18 and PEI-AgNPs and showed the limit of
detection was found at 1 ppm (Hou et al., 2019). In Figure 8B, the
reduction current peak increases with the addition of the
concentration of the analyte. The reduction current peak is
directly proportional to the concentration of methyl parathion.

4 CONCLUSION

This study used a layer-by-layer method for the electrostatic
deposition of cationic PEI-AgNPs and anionic POM species. The
newly prepared composite film was thoroughly characterized by
UV-Vis, FT-IR, XRD, AFM, and SEM techniques. The colorless
solution of PEI turned to brown after adding the silver nitrate,
which was due to the complex formation of Ag+ with the
functional group (amino) of PEI, resulting in PEI-AgNPs that
was confirmed by the presence of absorption peak at 430 nm in
the UV-Vis spectroscopy. FT-IR studies revealed that the peak at
884 cm−1 corresponded to W- Oc -W of Dawson POM. XRD
analyses showed that the amorphous structure was formed by
applying LBL fabrication of composite films. Surface images of
composite films were obtained by AFM, which showed that the
structures of all LBL composites films have a hemispherical shape.
SEM results showed that composite films exhibited the
construction of identical agglomerates with size 500 nm. The
results of all the characterizations showed that composite film was
successfully synthesized. Furthermore, all electrochemical
measurements were studied by using CV. The composite film
showed pH-dependent redox behavior within the pH range (2–6)
and exhibited excellent stable redox properties towards P2W18
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POM. The LBL composite film was also investigated for its
catalytic efficiency towards the detection of methyl parathion.
The electrocatalysis exhibited the current response for the
detection of methyl parathion and was found at less than
1 ppm. This LBL composite film was fruitfully applied for the
detection of pesticide (MP).
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