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Abstract: Because of the expensive nature of sensors used to detect heavy metals and the severe
health risks associated with certain heavy metals, there is a pressing need to develop cost-effective
materials that are highly efficient in detecting these metals. A flower-shaped WO,I,-Poly(1H-pyrrole)
(WO,I, /P1HP) nanocomposite thin film is synthesized through the oxidation of 1-H pyrrole using
iodine and subsequent reaction with Na, WO,. The nanocomposite exhibits a distinctive flower-like
morphology with an average size of 20 nm. Elemental composition and chemical structure are con-
firmed via X-ray photoelectron spectroscopy (XPS) analyses, while X-Ray diffraction analysis (XRD)
and Fourier-transform infrared spectroscopy (FTIR) analyses provide further evidence of crystalline
peaks and functional groups within the composite. The potential of the nanocomposite as a sensor
for Cd?* ions is determined using two approaches: simple potentiometric (two-electrode cell) and
cyclic voltammetric (three-electrode cell) methods, over a concentration range spanning from 10~ to
10! M. From the simple potentiometric method, the sensor showcases strong sensing capabilities in
the concentration span of 107* to 107! M, displaying a Nernstian slope of 29.7 mV/decade. With
a detection limit of 5 x 10~> M, the sensor proves adept at precise and sensitive detection of low
Cd?* ion concentrations. While using the cyclic voltammetric method, the sensor’s selectivity for
Cd?* ions, demonstrated through cyclic voltammetry, reveals a sensitivity of 1.0 x 105 A/M and
the ability to distinguish Cd?* jons from other ions like Zn?*, Ni%*, CaZ*, K*, AI**, and Mg2+. This
selectivity underscores its utility in complex sample matrices and diverse environments. Furthermore,
the sensor’s successful detection of Cd?* ions from real samples solidifies its practical viability. Its re-
liable performance in real-world scenarios positions it as a valuable tool for Cd?* ion detection across
industries and environmental monitoring applications. These findings advocate for its utilization in

commercial settings, highlighting its significance in Cd?* ion detection.

Keywords: potentiometric sensor; Cd%* ions; flower-shape; WO,I,-Poly(1H-pyrrole); cyclic voltammetry;
nanocomposite thin film

1. Introduction

The toxic nature of heavy metals such as nickel, mercury, and cadmium, and their
industrial applications made this analysis very important, with the emission of these ions
present in the liquid waste [1]. Cd?* ions are an essential metal in many consumer products,
household and industrial appliances, batteries, and mobile phones. Low levels of it are
very useful for living organisms and are involved in vital processes. Excessive levels of
Cdz+ may cause disease, toxic effects, and central nervous system disorders [1,2]. These
vapors are absorbed with ease and accumulate in the body via food chains. Given the
importance of the elements and their role in human life and daily life, it is very necessary
to know their forms, compounds and quantities, and thus estimate the Cd?* ions present.
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This is because of their development in the application of mechanics and electrons and
the establishment of high-tech laboratories, through which very few concentrations were
determined and calculated in nanograms [3-5]. Among the modern techniques used for
the determination of Cd?* ions in environmental and biological samples are atomic fluo-
rescence spectrometer (AFS), atomic absorption spectrometer (AAS), X-ray spectroscopy,
neutron analysis, inductively coupled plasma mass spectrometry (ICP-MS), and ion selec-
tive membrane electrodes [6-8]. However, most spectrometers are expensive, complex,
and have a very long analysis time. Recently, after the emergence and development of
applications of voltage measurement sensors, they have become of great importance to
academics and researchers due to their simplicity, low cost, the possibility of experiments
in living organisms, and environmental, industrial, and medical analysis [9-11]. The appli-
cation of voltammetry has been used for long periods, but the continuous development
in the distinctive electrodes of ions made them good and powerful alternatives to other
techniques. Applications of membrane voltage sensors are classified according to their
structural structure into two categories, symmetric polarity characteristic ions and asym-
metric polarity characteristic ions [12-14]. These electrodes are an analytical tool widely
used in various chemical analyses. There are membranes composed of PVC polymers that
are selective as a result of the incorporation of conductors. The challenge in this technique
is the production of different ionophores [12-14]. It is composed of a polyvinyl chloride
film with thiophene, with the addition of nafion to form a membrane sensor. However,
this kind of sensor has disadvantages related to its nonuniform thickness, instability, and
shrinking with time [15,16].

The industrial sector traditionally relies on fluorescence or atomic absorption spec-
trometry techniques for Cd?* ion detection. However, due to the substantial cost associated
with these methods [17], researchers and scientists have made concerted efforts to introduce
electrochemical and potentiometric techniques into industrial applications. Encouraging
studies, like our present research, serve as a catalyst for these initiatives, offering opportu-
nities for further exploration in this direction.

Herein, a flower-shaped WO,I, /P1HP nanocomposite thin film is successfully pre-
pared by oxidizing 1-H pyrrole using iodine and subsequently reacting it with NayWO;.
This nanocomposite exhibits a promising flower-like morphology with an average size
of 20 nm. To understand its elemental composition and chemical structure, XPS analyses
are employed. The potentiometric sensing of the WO,I, /P1HP nanocomposite is then
tested specifically for Cd?* ions in a concentration range of 107 to 10~! M. Addition-
ally, the electroanalytical technique of cyclic voltammetry is employed to evaluate the
sensor’s sensitivity and selectivity. In the potentiometric sensing test, the nanocomposite
demonstrates its capability to detect Cd>* ions over a wide concentration range, providing
valuable insights into its detection capabilities for this specific ion. In the electroanalytical
test using cyclic voltammetry, the sensor’s sensitivity is assessed, demonstrating its ability
to detect small changes in Cd?* ion concentrations with high precision. Furthermore, the
test evaluates the sensor’s selectivity, ensuring that it accurately detects Cd>* ions even
in the presence of other potentially interfering ions. Moreover, natural sample testing is
conducted to assess the sensor’s performance in real-world scenarios, providing evidence
of its practical applicability in detecting Cd?* ions in complex environmental samples.

2. Experimental Section
2.1. Materials

Pyrrole and DMF are sourced from USA through Across and Saint Louis, MO, Sigma
Aldrich, company, correspondingly. Na,WO, and Cd(NOs3); are sourced from London,
UK and Cairo, Egypt, Win lab and Pio-Chem, company, Respectively. HCl is sourced from
Merck Company, Rahway, NJ, USA.
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2.2. WO,I,/P1HP Thin Film Sensor Preparation

1-H pyrrole is the monomer used as a source of P1HP, in which the 0.15 M iodine oxi-
dant is added suddenly under vigorous stirring. Both monomer and oxidant are prepared
separately before this addition. Through the polymerization reaction, I-P1HP nanomaterial
is obtained. Through the reaction with NayWO, (0.05 M), this led to the WO;I, dopant
being inserted as filler in the P1HP matrix thin film nanocomposite. The resulting sensor
is carefully treated and applied for detecting Cd?* ions. Various conditions are tested to
optimize the sensor’s performance and sensitivity in Cd** ion sensing. The nanocomposite
sensor’s ability to detect Cd?* ions under different conditions is thoroughly evaluated to
ensure its reliability and applicability in practical applications.

2.3. The Potentiometric Sensing

The WO,I, /P1HP nanocomposite thin film is utilized as a sensor for detecting Cd?*
ions in aqueous solutions. The concentration of Cd?* ions is determined by analyzing the
calibration curve using the Nernst equation. The calibration curve is obtained through the
simple potentiometric method, involving two electrodes: the WO,I, /P1HP thin film sensor
and the calomel electrode.

The sensitivity of the WO,I,/P1HP nanocomposite thin film to Cd?* ions is further
assessed using cyclic voltammetry. The study also investigates the impact of interfering
ions. To analyze the behavior of the sensor in natural samples, testing is conducted using
cyclic voltammetry in a standard three-electrode cell, with the WO,I, /P1HP thin film
sensor serving as the working electrode.

3. Results and Discussion
3.1. Analyses

The chemical behavior of the WO,I, /P1HP nanocomposite is assessed through the
analysis of bond vibrations and the excitation of crystalline internal electrons, which are
examined using FTIR and XRD analyses, respectively. In Figure 1a,b, FTIR and XRD spectra
are presented, respectively, to study the effects of incorporating WO,I, into the P1HP
polymer matrix.
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Figure 1. The WO,I,/P1HP nanocomposite chemical estimation by (a) FTIR spectroscopy and
(b) XRD pattern.

Through FTIR analysis (Figure la), the changes in bond vibrations are observed,
indicating the interactions between the inorganic WO,I, and the polymer matrix [18,19].
The insertion of WO,I; leads to small shifts in the bands of certain functional groups, such as
C-N, C-H, and C=C of benzene or quinone. The majority of bands in the nanocomposite are
almost identical to those of the pure P1HP polymer. Table 1 provides a concise summary of
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the band positions before and after the composite formation, facilitating a clear comparison
of the changes induced by WO,I, incorporation.

Table 1. The summary of the band positions before and after the composite formation.

Band Position (cm—1)

Function Group

WO,1,/P1HP P1HP

1639 and 1536 1684 and 1545 P1HP ring

1450 and 1298 1463 and1312 C-N [20]
1298 1304 C-N
1167 1177 C-H [21]
778 782 Para ring [22]

In addition to FTIR, XRD analysis (Figure 1b) also sheds light on the chemical behav-
ior of the nanocomposite. It allows for the examination of crystalline internal electrons,
providing insights into the structural changes induced by the inclusion of WO,I,. The XRD
patterns illustrate the crystallinity of the nanocomposite and help identify any shifts or new
peaks resulting from the presence of WO,I, within the PIHP matrix.

By combining both FTIR and XRD analyses, a comprehensive understanding of the
chemical behavior of the WO,I, /P1HP nanocomposite is achieved, offering valuable
insights into the interactions between the inorganic material and the polymer matrix. This
knowledge is essential for optimizing the properties and performance of the nanocomposite
for various applications.

By the same manner, the influence of WO;I, on the PIHP appears well through the
XRD pattern through the changing of the behavior of the XRD pattern. The P1HP appear
to be amorphous; this behavior is not a drawback in the polymer material, but sometimes
it has advantages related to the military applications of these semiconductor materials
for aircrafts or some weapons designs. Thus, the amorphous nature of P1HP is proved
through estimation of the broad peaks at 24.6° after the interaction of WO,I,, the XRD
pattern changes, in which WO,I, cause the exhibition of additional peaks at 22.1°, 38.3°,
40.3°, 42.5°,47.6°,50.0°, 58.2°, and 72.5° [23]. Other peaks illustrate the I, present in this
nanocomposite: 10.2°, 20.0°, 65.9° [24].

The elemental composition and chemical state of the WO,I, /P1HP nanocomposite
are analyzed using X-ray photoelectron spectroscopy (XPS), as shown in Figure 2a. In
this technique, the sample surface is bombarded with X-rays, leading to the emission
of photoelectrons from the atoms in the material. By measuring the kinetic energy of
these emitted photoelectrons, valuable information about the elemental composition and
chemical environment of the atoms is obtained.

In the XPS survey, the characteristic peaks corresponding to the elements in the
nanocomposite are identified. The P1HP ring is estimated by monitoring the carbon (C)
and nitrogen (N) elements at binding energies of 286 eV and 401 eV, respectively.

For the WO;I, elements, the characteristic peaks are observed at W4fs,, and W4f;,
with doublet peaks located at 38 eV and 35.8 eV, respectively, related to the Wo*. The
presence of the iodine (I) element is also confirmed through peaks at 619 eV and 630 eV,
indicating the formation of WO,I, within the polymer matrix, leading to the formation of
the WO,I, /P1HP nanocomposite.

The XPS analysis provides crucial evidence of the successful incorporation of WO,I,
into the polymer matrix and the formation of the nanocomposite, validating the mate-
rial’s composition and chemical states. These insights are valuable for understanding the
structural properties of the nanocomposite and its potential applications in various fields.

The topographic of the WO,I, /P1HP nanocomposite is an essential property for the
sensing behavior of this nanocomposite. With increasing the surface area, the sensing
efficiency increases by a large percentage; this is related to increasing the sites of sens-
ing to the estimated heavy metal. The topography of the pure polymer reflects well on
the synthesized nanocomposite through the promising morphologies of the synthesized
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WO,1I, /P1HP nanocomposite. The P1HP surface area consists of wrinkle nanoparticles
that combine well for forming large particles (300 nm) that are similar to wrinkle brain, as
observed in Figure 3a. The WO,I, /P1HP nanocomposite exhibits distinct and well-defined
particles, each with an average size of approximately 20 nm. This uniformity in particle
size and shape is clearly demonstrated in the simulated theoretical image presented in
Figure 3b. The image illustrates the highly consistent and small particles that constitute the
nanocomposite material.
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Figure 2. WO;I,/P1HP nanocomposite XPS for elemental estimation, these analyses include
(a) survey, (b) I, (c) W, and (d) C elements.

The controlled synthesis process of the nanocomposite results in the formation of
nanoparticles with precise dimensions, leading to the observed uniform morphology. This
uniformity is of significant importance in sensing applications, as it ensures consistent
and reliable performance when detecting heavy metals or other target analytes [25,26].
The small particle size also contributes to the high surface area of the nanocomposite,
as mentioned earlier, enhancing its sensing efficiency by providing more active sites for
interactions with the analytes. This property is essential for achieving accurate and sensitive
detection of heavy metals, making the WO;I, /P1HP nanocomposite a promising candidate
for various sensing and environmental monitoring applications.

The morphological properties of the WO,1I, /P1HP nanocomposite are further demon-
strated through SEM images in Figure 3c,d. These images reveal the presence of small
and porous particles in the nanocomposite material. The inorganic WO;I, component is
clearly visible as shiny dots, which are coated with the gray-colored polymer materials.
The small size of the particles is consistent with the previously-mentioned average size
of approximately 20 nm, further confirming the uniformity in particle dimensions. The
porous nature of the particles is evident from the observed texture, indicating the pres-
ence of numerous void spaces within the nanocomposite. The combination of small size
and porosity in the WO,I, /P1HP nanocomposite enhances its surface area and promotes
more efficient interactions with target analytes, such as heavy metal ions. The presence
of the inorganic WO,I, within the polymer matrix contributes to the overall structural
integrity of the nanocomposite and plays a crucial role in its sensing capabilities [18,27].
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The unique morphological properties of the WO,I, /P1HP nanocomposite, as revealed
by SEM, highlight its potential for various applications, including heavy metal sensing
and environmental remediation. The well-defined particles with their distinctive features
make the nanocomposite a promising material for achieving high-performance sensors
and catalysts.

. 4

Figure 3. (a) SEM of P2ABT. (b) TEM image and (c,d) SEM images (different scale bar) of
WO,I, /P1HP nanocomposite.

3.2. Sensing Properties

The estimation of Cd?* ions is of significant importance due to their hazardous effects
on plants, animals, and humans. To achieve this, a highly morphological polymer-based
sensor, specifically the WO,I, /P1HP thin film sensor, is utilized. The sensor’s design and
unique morphological properties make it well-suited for detecting Cd** ions with high
sensitivity and accuracy.

The concentration range of Cd?* ions tested in this study spans from 107 to 10~! M.
This wide range allows for the evaluation of the sensor’s performance across different
concentrations, covering both low and high levels of Cd?* ions.

The measurements are carried out at room temperature using advanced equipment
such as the digital AVO meter and CHI608E workstation. These tools ensure precise and
reliable data acquisition, contributing to the accuracy of the Cd* ion estimation.

By utilizing the WO,I, /P1HP thin film sensor in this study, researchers aim to provide
an effective and efficient solution for detecting and quantifying Cd* ions, thus contributing
to environmental monitoring and public health protection efforts. The promising results
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obtained from this investigation may pave the way for further applications of the sensor in
various fields, such as environmental science, toxicology, and industrial safety.

The detection of Cd?* ions is achieved through the electrochemical interaction between
the charges of the WO,I, /P1HP nanocomposite and the charged Cd?* ions. The inclusion of
iodine in the nanocomposite enhances this electrochemical attraction through the formation
of coordination bonds, resulting in increased sensitivity towards Cd?* ions. The sensing
performance is conducted using the WO,I, /P1HP thin film sensor as the primary electrode
for this detection reaction. To assess the sensing behavior, both the simple potentiometric
method and cyclic voltammetry techniques are employed.

In the potentiometric method, the potential difference between the reference and
working electrodes is measured, providing valuable information about the Cd** ion con-
centration. On the other hand, cyclic voltammetry involves applying a range of voltages
to the sensor and measuring the resulting current, enabling the evaluation of the sensor’s
response to different Cd?* ion concentrations. By employing these electrochemical tech-
niques, the WO;I, /P1HP thin film sensor exhibits its potential for accurate and sensitive
detection of Cd?* ions. This sensing capability could have significant implications in envi-
ronmental monitoring, industrial applications, and public health protection, where rapid
and reliable detection of Cd?* ions is crucial.

In the simple potentiometric method, the sensing behavior is evaluated using only two
electrodes: the main electrode (WO,I, /P1HP thin film) and the reference electrode (calomel
electrode). By measuring the potential difference between these electrodes, the sensing
efficiency of the nanocomposite towards Cd?* ions is determined. As the concentration of
Cd?* ions increase from 107° to 10~! M, the potential measured also increases, confirming
the sensing capability of the nanocomposite.

The sensitivity of this sensing behavior is calculated using the Nernstian equation [28,29],
which is applicable to ions with oxidation states of 2+. For Cd?* ions, the theoretical slope of
the Nernstian equation is 29.56 mV /decade, and the nanocomposite’s actual sensitivity can
be determined based on this value. On the other hand, the cyclic voltammetry technique
provides further insight into the sensing behavior [30-32]. By analyzing the area and
intensity of the cyclic voltammetry curves, the responsivity and sensing performance of
the nanocomposite are assessed. As the concentration of Cd?* ions increase from 107! to
107° M, the peak current in the cyclic voltammetry curve also increases, indicating the
nanocomposite’s enhanced sensing ability towards Cd?* ions.

Therefore, both the potentiometric method and cyclic voltammetry technique will con-
tribute to a holistic understanding of the WO;I, /P1HP nanocomposite’s sensing behavior.
The combination of these electrochemical techniques allows for precise quantification of the
nanocomposite’s sensitivity and provides valuable information for its potential application
in detecting Cd?* ions with high accuracy and reliability.

In Figure 4, the relationship between the pM values (—log [Cd?*]) and the potential
generated between the WO;I, /P1HP sensor and the reference electrode is depicted using
the simple potentiometric method. As the concentration of Cd?* ions increase, the pro-
duced potential also increases, displaying a linear relationship. The slope of this linear
relationship is calculated to be 29.7 mV /decade, within the concentration range of 10~ to
10! M. This promising slope indicates the high sensitivity of the prepared WO,I, /P1HP
sensor towards Cd?* ions, as small changes in the ion concentration lead to significant
changes in the generated potential. Furthermore, the detection limit of the WO,1, /P1HP
sensor for Cd?* ions is determined to be 5 x 10~> M. This low detection limit implies
that the sensor can accurately and effectively detect even trace amounts of Cd?* ions
in a sample. The combination of high sensitivity and a low detection limit makes the
WO,I,/P1HP sensor a promising candidate for sensitive and precise detection of Cd?*
ions, with potential applications in environmental monitoring, industrial processes, and
health-related fields.
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Figure 4. The calibration curve for Cd** ions by WO,I, /P1HP sensor through a potentiometric
technique.

In Figure 5a, the electro-analytical Cd** sensing using the cyclic voltammetry tech-
nique with the WO,I, /P1HP sensor is shown. As the concentration of Cd?* ions in the
aqueous solution is increased from 10~ to 10~! M, the oxidation peak current also in-
creases correspondingly. This observed increase in the oxidation peak current demonstrates
the high sensitivity of the WO,I,/P1HP sensor in detecting Cd?* ions. The detection of
Cd?* ions is performed at a potential of 0.4 V, which is the appropriate potential for the
oxidation of Cd?* ions. This specific potential ensures that the oxidation reaction of Cd?*
ions occurs optimally, allowing for accurate and reliable detection. The combination of the
selected potential and the sensor’s high sensitivity enables the successful detection and
quantification of Cd?* ions over a wide concentration range. Thus, the cyclic voltammetry
results affirm the excellent sensing capabilities of the WO,I, /P1HP sensor for Cd?* ions,
making it a promising tool for various applications in environmental monitoring and
analytical chemistry.

% Slope=0.01 mA/M
o
9 9
02 00 02 04 06 08 0 1 2 3 4

Potential vs. SCE (V) pM

Figure 5. (a) Electro-analytical Cd?* sensing by the WO,I, /P1HP sensor using the cyclic voltammetry
technique and (b) the sensitivity curve from the relation of pM and peak current.
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In Figure 5b, the sensitivity curve is presented, which shows the relation between pM
(negative logarithm of [Cd?*]) and the peak current obtained from the cyclic voltammetry
curve in Figure 5a. The slope of this sensitivity curve represents the sensitivity of the
WO,I,/P1HP sensor towards CdZ* ions, and it is calculated to be 1 x 107> A/M. This
small value indicates the high sensitivity of the film sensor for Cd?* ions, making it a
powerful tool for precise and accurate detection. The WO,I, /P1HP sensor’s exceptional
sensitivity, coupled with its simple preparation technique and low production costs, makes
it a promising candidate for various applications in commercial fields and industries. Its
ability to reliably detect and quantify Cd?* ions in a wide concentration range makes
it highly valuable in environmental monitoring, water quality assessment, and other
analytical chemistry applications. Therefore, the WO,I, /P1HP sensor’s high sensitivity
and cost-effectiveness make it an attractive option for practical and impactful use in various
real-world scenarios, contributing to advancements in the field of sensing technology.

The selectivity of the WO,I,/P1HP sensor towards Cd?* ions is rigorously tested
using the cyclic voltammetry technique in a three-electrode cell setup, as demonstrated in
Figure 6a. Various interfering ions, each at a concentration of 0.01 M, are introduced using
NaCl electrolyte to evaluate the sensor’s response. However, upon analysis, no indication
of peaks related to any of these interfering ions is observed, and there are no oxidation or
reduction peaks detected.

(a)0.16 (b) 0.16 .
——K" { —=—Dist. water
2 Mg? | =—e—Tap water
A0'12 :Ng+ A0'12 —+— Underground water
C}EI . i ads C}é . 08‘ —v—Cd?* sample
VO g 7n? Lk
:E' Ni2* :E
£ 0.04 £ 0.04-
0.001 .7 0.00-
R

02 00 02 04 06 08
Potential vs. SCE (V)

02 00 02 04 06 08
Potential vs. SCE (V)

Figure 6. Electro-analytical Cd** sensing by the WO,I, /P1HP sensor using cyclic voltammetry:
(a) selectivity and (b) natural and lab sample testing.

This exceptional behavior confirms the high selectivity of the fabricated WO,I, /P1HP
sensor specifically towards Cd?* ions. Its ability to precisely detect Cd?* ions without
any response to interfering ions demonstrates the reliability and accuracy of the sensor in
complex environments. The results emphasize the potential applicability of this sensor
in various real-world scenarios, where selective detection of specific ions is critical for
accurate analysis and monitoring purposes.

To further assess the selectivity and practical applicability of the WO,I, /P1HP sensor,
it is crucial to study its response to various real-world water samples containing different
levels of Cd?* ions (Figure 6b). Distilled water, tap water, and underground water are
tested as Cd?*-free samples, and additional Cd?* ions (lab samples) are introduced to
evaluate the sensor’s performance. As indicated in the resulting curves, no indication
peaks are observed in the absence of Cd?* ions, confirming the sensor’s specificity towards
Cd?* ion sensing. However, when Cd?* ions are present in the water samples, the sensor
exhibits characteristic peaks corresponding to the detection of Cd?* ions. This response
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validates the sensor’s capability to accurately and selectively detect Cd?* ions even in the
presence of various other elements and contaminants commonly found in natural water
sources. The remarkable technical advantages and straightforward preparation process
of this sensor make it an ideal candidate for electroanalytical detection of Cd?* ions in
aqueous solutions. Its ability to reliably distinguish and quantify Cd?* ions in diverse
water samples, including those from natural sources, highlights its potential for practical
applications in environmental monitoring and water quality assessment.

The high sensitivity and selectivity of the WO,I,/P1HP sensor towards Cd?* ions are
attributed to the strong affinity of the sensor materials to interact with Cd?* ions. Cd?*
ions tend to form relatively weak coordination bonds with the inorganic components,
particularly the iodine and oxide materials within WO,I,. Additionally, PIHP exhibits a
significant affinity for Cd* ions, driven by the electrostatic attraction between the Cd>*
ions and the nitrogen atom within this polymer.

By combining these favorable chemical and physical properties, this sensor holds
great promise for the cost-effective and straightforward detection of Cd?* ions, eliminating
the need for complex techniques. This potential opens up opportunities for industrial
applications in the realm of Cd?* ion detection.

4. Conclusions

A highly promising nanocomposite thin film with a distinctive flower-like structure,
consisting of WO, and P1HP, is synthesized through a two-step process. This involves
the oxidation of 1-H pyrrole using iodine and subsequent reaction with Na,WO,. The
resulting flower-shaped structures have an average size of approximately 20 nm.

The potential of this WO,I, /P1HP nanocomposite for simple potentiometric sensing
of Cd?* ions is evaluated within a concentration range spanning from 107¢ to 107! M.
Remarkably, this nanocomposite demonstrates excellent sensing capabilities within a
concentration range of 10~* to 10~! M, exhibiting a Nernstian slope of 29.7 mV /decade and
an impressive detection limit of 5 x 10~> M. Furthermore, employing cyclic voltammetry
as an electroanalytical technique, the sensor exhibits high sensitivity, with a value of
1.0 x 107> A/M. This underscores its notable selectivity for detecting Cd?* ions even in
the presence of other ions such as 7Zn2* Ni?*, Ca?*, and Mg2+. Moreover, this sensor shows
great promise for detecting Cd?* ions in real samples, suggesting its potential applicability
in commercial settings.

The flower-shaped WO,I,/P1HP thin film sensor exhibits considerable promise as
a sensor with high sensitivity and selectivity for detecting Cd?* ions. Its ability to follow
Nernstian behavior, achieve a low detection limit, and effectively detect Cd?* ions in real-
world samples position it as a robust candidate for commercial applications in the field of
Cd?* ion detection.
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