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Abstract:

This study involves the construction of ion-selective electrodes for the determination of lead
(1) ions and their utilization as sensors in a flow-injection analysis (FIA) system. The electrode
was constructed using a simple environmentally friendly method from a green tea extract, and
a Lead acetate solution of the cited ions as a cylindrical disc. A vertical, side-to-side cylinder,
the whole is created in its centre and another lateral hole is created for the electrical
attachment of the electrode, so the prepared electrode is suitable for use with the FIA system.
The electrode was studied surface properties and characteristics of this electrode were
analysed using X-ray diffraction and Fourier-transform infrared spectroscopy (FTR). via
selection of the optimum conditions (i.e. linear calibration range, lowest Nernstian response,
lowest detection limit, degree of dilution, and precision and accuracy of their analytical uses).
Electrode which gave the best Nernstian response1.00x10? to 1.00x10° M, a correlation
coefficient of 0.9980, with lower Nernstian response of 1x1071° M and detection limit of 1x10"
11 M. The sampling rate was 120 samples per hour the calculated time of the contact of the
sample with the electrode surface is 6 seconds and the degree of dilution is 2.37625.

Keywords: ISEs; Lead; Nanoparticle; Sensor.

1. Introduction

Due to their distinct electrochemical characteristics and prospective uses in a variety of
disciplines, such as environmental monitoring and medical diagnosis, lead nanoparticle
electrodes have grown in popularity over the past several years. Lead nanoparticle electrodes
are used in flow injection analysis (FIA), which uses them as sensors that measure changes
in the current or potential at the electrode in response to the presence of an analyte in the
sample solution. This is one of the most promising uses for lead nanoparticle electrodes (1).
There are many advantages of using Lead nanoparticle electrodes in FIA compared to
conventional electrodes, such as improved sensitivity and selectivity, low cost, ease of
manufacture and switching Due to its specific capacitance due to size and surface area to
number ratio, Lead nanoparticles are ideal for electrochemical analysis and sensing (2).
Lead nanoparticle electrodes have been investigated in recent years to improve their synthesis
and evaluate their effectiveness in FIAs for the detection of various analytes, such as heavy
metals, organic contaminants and biomarkers and have proven their effectiveness. scientists
have explored the use of environmentally friendly synthetic materials such as plant extracts to
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make Lead nanoparticle electrodes and have proven their effectiveness in environmental
conditions in the sight of our polluted surroundings (3).

Using Lead nanoparticle electrodes in FIA can detect a wide range of analytes with good
sensitivity and selectivity, a rapidly growing field Lead nanoparticle electrodes prove to be a
viable technology for electrochemical sensing and analysis, despite drawbacks much like the
need for innovation and change strategic planning (4,5). Green tea (Camellia sinensis) has
also been described as a potential source of Lead nanopatrticles. Green tea catechins have
been shown to act as a reducing agent, dissolving Lead ions to form Lead nanopatrticles (6).

Compared to conventional methods, using green tea as a reducing agent has many
advantages such as low toxicity, biodegradability, and low-cost Using tea green plays a role
in the production of Lead nanoparticles to reduce hazardous waste generation and
environmental impact a synthetic approach (7). Additionally, the high stability and electrical
conductivity of Lead nanoparticles made from green tea were demonstrated to be better to
those made using traditional techniques. (8,9). However, to prevent contamination of the final
product and to guarantee the sustainability of the entire process, strict supervision of the raw
material is required (10).

The use of the green chemistry method in Lead nanoparticle electrosynthesis as a sensor for
flow injection analysis (FIA) aims to make the process environmentally benign, cost-effective
and safe, and in lead nanoparticle electrical vehicles there is performance Improvement. This
process reduces the use of hazardous chemicals and waste and can lead to more sustainable
raw materials. Lead nanoparticle electrodes have high sensitivity and selectivity for various
analytes, making them a valuable tool in FIA applications. The green chemistry approach can
further enhance these properties, making lead nanoparticle electrodes a more useful tool for
FIA.

2. Materials and Methods
2.1. Apparatus.

An analogy peristaltic pump made by ISMATEC SA, a Swiss subsidiary of IDEX
Corporation, was used to construct the FIA system. This high-quality pump was specifically
designed with PVC tubes that had a diameter of 0.5 mm, enabling precise and efficient
pumping. To introduce the solutions into the system, an RHEODYNE 7125 injection valve
from the USA was seamlessly connected to the pump. For reliable and accurate
measurements, a HANNA Calomel electrode (HI1144B) sourced from the USA was employed
as the reference electrode. pH values, an essential parameter for the experiments, were
carefully monitored using a JENWAY BL Meter (model 3310) imported from the UK. The
appearance and crystal arrangement of the substances were examined through the utilization
of a field emission scanning electron microscope (SEM, ZEISS EVO 15). The FT-IR spectra
were captured using the KBr pellet technique with a SHIMADZU-8400 spectrometer.
Additionally, an X-ray diffractometer (XRD, Phillips PW3040/60) was employed in the analysis.
Throughout the experiments, a controlled environment was maintained at room temperature,
precisely set at 27.0 + 2.0 °C to ensure consistent and reproducible results.

2.2. Solutions and reagents.

The chemicals were incredibly pure and didn't undergo any more purification steps prior to
being used. The solutions were prepared using potassium nitrate, ammonium acetate, lead
acetate, perchlorate sodium, and double-distilled water with a conductivity range of 0.2 to 0.6
S. Standard Lead Acetate Solution (0.1M), this solution was prepared by dissolving 3.2529 g
of lead acetate trihydrate diluted to 100mL with distilled water in a volumetric flask. And the
Carrier current 0.1 M were prepare from a 0.1 Molar solution was created by dissolving the
amount of Perchlorate sodium, ammonium acetate, and potassium nitrate in a volumetric flask
that was provided with 100 mL of distilled water.
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2.3 Procedures.

After being dried, 10 grams of green tea (Camellia sinensis) leaves were heated for 15
minutes at 70 °C in 100 mL of deionized water. The extract was then filtered from the leaves
and used immediately. There were several phases involved in the green synthesis process
used to create Pb nanoparticles (Pb-NPs). First, 100 mL of aqueous green tea extracts were
combined with 0.1 M lead acetate. The mixture was then agitated for an hour at a
temperature of 800C. After the desired reaction time, the solution was cooled to room
temperature. Subsequently, centrifugation at 2000 rpm for 5 minutes was conducted to
separate the lead nanoparticles (Pb-NPs), leading to the development of precipitates. This
step was essential for isolating the Pb-NPs and resulted in the formation of visible
precipitates in the solution. These precipitates were meticulously collected, and 700C drying
was then performed (11), Figure 1 provides an illustration of this process.

Pb(CH3;COOH),
10g of leaf powder solution (1M)
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Figure 1: A graphic demonstrating the production of lead nanoparticles from green tea
extract.

Using a ceramic mortar, the material was homogenized until it created a very fine powder. The
powder was subsequently screened using a sieve with holes 300 micrometers in diameter.
Using a pharmaceutical pill-making machine, the substance was then squeezed into the shape
of hard disks. The resulting hard disks were 0.6 mm thick, 13 mm in diameter, and 0.9 grams
in weight. The disk was then vertically punctured, resulting in a 1.5 mm diameter hole that ran
the length of the disk. A side hole was also drilled into the disk to accommodate an electrical
connection wire. It is vital to notice that the side hole's depth did not surpass 2 mm.

Insulating materials were utilized to prevent any contact between the electrode and the
surrounding surfaces, except through the wire, to ensure electrical insulation. Figure 2 shows
a visual representation of the created electrode.
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A wire is 4 cm in length was prepared. One end of the wire was securely fastened to the side
of a Pb-NPs (Lead Nanoparticles) produced disk.
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Figure 4: A design diagram of the Pb-NPs electrode.

3. Results and discussion.
3.1. Utilization of Electrode

A constructed electrode was used as a working electrode in the first experiment to measure
potential differences using the FIA technique. As indicated in Figure 3, the electrode was
attached to a simple manifold unit. The tank's carrier solution current was continually injected
at a steady flow rate into a specific conduit. This flow rate could be controlled continuously by
a peristaltic pump to the rotary injection valve, and from there, to the mixing tube. The working
electrode and the reference electrode (calomel electrode) were then connected to a
potentiometer, which expressed the voltage response in height. This potentiometer was then
connected to a paper recorder to record the potential difference between the two electrodes.

The calomel electrode was placed inside a cylindrical plastic container of suitable capacity,
with two openings for the carrier solution to enter and exit. The exit hole was slightly higher
than the sensitive part of the electrode to ensure electrical contact. To inject the sample into
the carrier current solution, the injection rotary valve was rotated to the injection site with
constant accuracy and speed. The sample then entered the flow system and was transported
by the carrier current after passing through the mixing tube to the specially manufactured
guide electrode and then to the reference electrode before being recorded on the paper
recorder. Under optimal conditions, the height of the tip was proportional to the concentration
of the substance being analyzed (analyte). After the study of the electrode properties was
completed, a stream of distilled water was passed through the manifold unit at the same
recorded flow rate for at least five minutes. This was done to ensure that the manifold unit was
thoroughly washed and ready for subsequent use.
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Figure 3: A visual diagram illustrating the Flow Injection Analysis system.

3.2.  Spectroscopic characterization of Pb nanopatrticles

3.2.1. FT-IR spectroscopy.

The FT-IR spectra shows in Figure 4 of Pb nanoparticles between 4000-400 cm™. Different
bands connected to polyphenolic chemicals are responsible for the large peaks connected to
hydroxyl groups that are visible at 3545.62 cm™ in the spectra of lead nanoparticles. (12-15).
Notably, a pronounced IR absorption at 2387.65 signifies stretching vibrations resulting from
C-O bonds. This finding suggests that throughout the Pb (CH3COO), preparation process,
certain C-O groups were integrated into the Pb nanoparticles .

Additionally, the stretch-bending vibration of O-H bonds is represented by the peak at 1060.22
cm. Furthermore, the presence of Pb-O and Pb-O-Pb bonds is indicated by the absorption
peaks found at 662.67 and 685.56 cm™, respectively. The peaks falling within the 400-800 cm-
! range are indicative of metal-oxygen stretching interactions.
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.Figure 4: FT-IR spectrum of (a) synthesized Pb-NPs. and (b) green tea extract

3.2.2. Diffraction of x-rays

Figure 5 shows the results of X-ray diffraction (XRD) for Pb nanoparticles, with 'D' denoting
the crystal size. The average crystal size was determined to be 28.9 nanometers, as
calculated through the application of the Scherrer equation (16}, which utilizes the equation
D=0.94/Bcos0 to ascertain the crystal size.
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Figure 5: RXD spectrum of Pb
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3.2.3 SEM of Pb-NPs

Figure 6 depicts the SEM image of Pb, captured using the SEM instrument. The illustration
vividly displays the nanoparticles in a spherical configuration. Furthermore, these individual
particles underwent clustering as part of the preparation procedure. The SEM image distinctly
highlights the particles, revealing a well-defined, cohesive solid structure.

Several important factors, including the flow rate, reaction coil length, injection volume, and
carrier stream pH, have an impact on the ISEs response when using the flow injection method.
To confirm the accuracy of the findings, the impact of these criteria has thus been researched.

200 nm EHT = 10.00 KV Signal A = SE2 Date :1 Mar 2023 ZEISS
—i WD = 8.4mm Mag= 50.00KX  UserText=

Figure 6: SEM image of Pb-NPs

3.3. Carrier current.

The FIA technique essentially needs a continuous carrier current solution. Therefore, a group
of solutions with a concentration of 0.1 M (Perchlorate sodium, ammonium acetate, and
potassium nitrate) by injecting a fixed volume of 150 pL of the sample at different
concentrations and a constant flow speed, the obtained results showed that Perchlorate
sodium 0.1 M gave the maximum peak and was chosen as the best carrier stream working
with the Pb-NPs nanoelectrode. In contrast, alternative solutions resulted in a reduction in
peak intensity and an upsurge in the consumption of chemicals. see Figure 7.

Carrier current
Bz Woa 1005

KNO3 CH3COONH4 NaClO4

Figure 7: Carrier current solution.
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3.4. Flow rate influence.

A wide range of flow rates, including 0.5, 0.8, 1, 1.6, 1.8, 2, and 2.5 mL/min, have been used
to investigate the impact of flow rate on peak height. Figure 8 displays the findings of this
experiment. This figure demonstrates that the Pb Nano electrode produced its maximum peak
at a flow rate of 1.6 mL/min.

Flow rate effect

05 0.8 1 16 1.8 2 25
e [
104 140 166 IEll v 131
105 (113 135 126 119

Figure 8: The influence of flow rate.
3.5. Sample volume

Different sample volumes (60, 90, 120, 150, 180 uL) were used to investigate the effect of
injection volume, each containing a specific amount of ionic lead (1.00 x 103, 1.00 x 104, and
1.00 x 10° M). In the FIA system. The results presented in Figure 9 showed that the optimum
volume for effective detection of ionic Lead was found to be 150 pL.

Sample volume

60 90 120 150
1003 [174 (150 [ ss

Figure 9: The injection volume, samples.
Table 1: Chemical and physical characteristics of the initial FIA experiment.

Parameters Valve
Carrier stream Perchlorate sodium0.1M
pH 5.1
Flow rate 1.6 mL/min
Inject sample value 150 pL
Reaction coil length 20 cm

3.7. Calibration curve
After testing the manufactured Nano electrode, a series of different concentrations of the lead
ion solution was prepared, and measurements were taken under the selected optimal
conditions. Each concentration was injected into the system three consecutive times. Then,
the calibration curve was studied, representing the relationship between the change in voltage
(expressed as peak height in millimeters) and the change in concentrations (expressed as -
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log [ion]) as quantified in the Figure 10 and table 2. Through statistical data processing and
using the necessary equations, linear regression (r?), correlation coefficient, linear range (M),
Lower detection (M), and Speed sample (hour).

Calibration curve

equilibrium at95 . at 50 without inj. | —
y=-24.797x +260.35 = 73x +264.4
R?=0.9994 = % 25;6 t.sx 264.

150
y=-26.067x +274.07
R?=0.9995
1 | | 101 10

E. (mv)

1 2 3 B 5 6 / 8 9 10

Concentration [M]
Figure 10: The nearest slope for the electrode, at equilibrium, 50, 95, and without injection.

Table 2. The properties of the electrode

Parameter Pb-NPs Electrode
Regression equation y =-26.067+ 274.06
Slope (mV. decade™) -26
Intercept 247.06
Linear range (M) . 1.00x10%- 1.00x10°°
Relative coefficient 0.9980
Nernst response (M). 1.00x10*
Lower detection (M). 1.00x10*
Speed sample( hour) 120
Time 6 sec

3.8. Accuracy and precision.

After constructing the calibration curve for the manufactured Nano electrode, precision and
accuracy were studied by injecting different concentrations of the ion to be measured into the
carrier stream within the linear range of the calibration curve. These injections were performed
consecutively under the selected optimal conditions. Table 3 shows that the percentage of
recovery for the prepared electrode does not exceed 100.388%, and the highest value for the
percentage of relative standard deviation for the electrode under study is 0.7863%. These
results indicate that when using the electrode, high precision and accuracy are achieved. This
study was carried out using Flow Injection Analysis (FIA) with translation technology.

Table 3: Accuracy and Precision

Electrode | Concentration (M) | Found | Theoretical | %RSD %Rec Mean
Pb-NPs 1.00x10* 170 169.8 0.3331 | 100.117 | 100.388
1.00x10° 118 117.66 0.3461 | 100.286
1.00x108 66 65.50 0.7863 | 100.763

Sensors and Machine Learning Applications 2024,3, 1 .10.69534/smla/187852 www.smlajournal.com



https://smlajournal.com/index.php/smla/article/view/34

RSD: Relative Standard Deviation, Rec: Recovery.

3.9.

Nearest slope electrode.

Table 4 and Figure 11 present a comparison between the theoretical Nernst slope and the
measured slope (with and without injection) for the pb*? electrode. This graph shows that the
R2 value is consistently higher than 0.99. This value is admirable and shows that the
theoretical and experimental slopes correspond quite well. (17-25).
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Figure 11: Recorder FIA response for Pb-NPs calibration at various concentrations and
corresponding calibration graph.

Table 4: Nearest slope for the electrode.

Electrode Speed | Concentration Without With Nernst theoretical
(M) injection at injection slope
i at teq
Pb-NPs 1.6ml/min 1.00x10-1°- 25 26 29
1.00x10*
3.10. Determining the level of dispersion.

The highest initial response (H°) was recorded after a concentration sample was passed
without an injection, and the degree of dispersion was estimated using the equation below

(26).

Log D =H°-Hmax/S
S=0.0951/n
According to the findings, the electrode has a degree of dispersion of 2.37625, This is
compatible with a dispersion coefficient (D) range of 1-3 and the use of polar ion sensitive
detecting technologies. The type of dispersion is restricted (25). The outcomes are displayed

in Table 5.

Table 5: The Nearest slope for the electrode.

Ele. Con.(M) H° Hmax Degree of Mean
dispersion
Pb-NPs 1.00x10* | 250 261 2.5715 2.37625
1.00 x 102 | 223 240 2.7627
1.00x10% | 195 205 2.53017
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1.00 x 10* 170 182 2.60930
1.00 x 10°® 140 155 2.71369
1.00 x 10°® 118 131 2.65140
1.00 x 107 90 101 2.57156
1.00 x 108 66 78 2.60930
1.00 x 10° 39 53 2.67630
1.00 x 10°*° 16 25 2.59930

Con.: Concentration, H: Initial concentration, Hmax. maximum height

3.11. Selective electrodes

Despite the sensitivity demonstrated by the lead Nano electrode, it is still susceptible to ion
interferences. Therefore, the influence of the presence of certain positive ions and anions on
its response was studied under the selected optimal conditions. The interference ratio was
calculated using the equation (27), and the results are recorded in Tables 6. The results
showed that some ions do not cause any interference.

Table 6: Potentiometric selectivity coefficients of several foreign ions on an electrode.

lon of Pbs 0.01 (M) Values K59t
lon Con. 0.1 (M) lon Con. 0.01 (M)
Br! 0.0015 0.0001
CIt 0.0013 0.0009
K*? 0.021 0.011
Cu*? 0.0134 0.0021
Ca*? 0.0243 0.0163
Fe*3 0.114 0.165
3.12. Applications.

In this study, solid nano-electrodes were employed as detectors in the FIA to accurately
determine lead concentrations in cosmetic products. First, 3 grams of each eye shadow
sample (labeled as A) were precisely weighed using a balance and placed in individual clean,
dry porcelain crucibles. To each sample, 3 ml of nitric acid was added. The crucibles were
then heated on an electric heater until the samples were dry and subsequently allowed to
cool. This process was repeated twice. After cooling, the crucibles were placed in an
incineration furnace at a temperature of 522 °C for approximately two and a half hours,
followed by a cooling period. Next, 3 ml of nitric acid was added to each sample, and the
drying process was repeated twice using the electric heater, as described earlier. The samples
were then filtered using glass cones and filter papers with a calibration of 0.05 ml. The
experiment results are presented in Table 7 showing that lead ions from cosmetic products
were collected in amounts ranging from 97.0% to 104.0%. (28).

Table 7: Application of the suggested method for measuring Pb-NPs in cosmetics (eye

shadow).
Electrode Color of | Unknown Con. of the original Con. %Rec
an sample unknown Found (M)
unknown No. sample(M)

sample
Pb-NPs 1 1.01x10° 1.00x10° 101.00
Brown 2 9.82x10° 1.00x10* 98.20
3 9.93x10° 1.00x10* 99.30
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1 9.84x10” 1.00x10° 98.40
Black 2 9.78x10° 1.00x10° 97.80
3 1.02x10° 1.00x10° 102.0
1 1.03x10° 1.00x10°3 103.0
Blue 2 1.04x1073 1.00x10°3 104.0
3 9.92x10° 1.00x10* 99.20

Con.: Concentration, Rec: Recovery.

4. Conclusions
A straightforward and environmentally friendly method was developed using a green tea
extract to manufacture a solid-state nano-electrode as a detector, utilizing the flow injection
technique. Experimental work demonstrated that these electrodes are sensitive, stable, and
selective. The nano-electrode exhibited excellent flow rates even with low injection volumes.
The proposed methods are known for their simplicity, sensitivity, high specificity, and rapid
measurement of lead ions in cosmetic preparations. Statistical analysis of the results
confirmed the method's accuracy. Recommendations include exploring broader applications,
optimizing manufacturing, collaborating with industries, and ensuring regulatory compliance.
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