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Abstract: This study investigates the possibility of determining iron in wastewater using
the green chemistry method, including developing an iron-selective electrode coated with
nano CG-FeO- NPs extracted from mint leaves. The developed electrode was
characterised using AFM, SEM, XRD and IR technologies. The performance of the new
electrode was optimised for the effects of the pH, temperature and response time. The
results showed that the electrode works efficiently in a pH range of 5-8, a temperature
range of 20-30 °C, and a response time of 6-88 seconds. The calibration curve was range
line response from 10 to 10! with a slope of -28.727 mV/decade, a correlation coefficient
of 0.9997, a detection limit of 2.4x10%° M, a lifetime of 48 days and a recovery percentage
of 98.5-99,80 for concentrations of 102,10 and 10*. A selectivity test was also carried out
to ensure no interferences with other elements such as zinc, potassium, sulphite, lead,
calcium and manganese. Measurements proved that the electrode has high selectivity
towards iron ions only and no other elements. Applications were carried out using the
standard addition method on an industrial water model and gave a correlation coefficient
of 0.9999.

Keywords: Iron in wastewater, Nano coated graphite rode, green chemistry

1. Introduction.
Iron is one of the most important metals in biological systems, the environment, industry, and
medicine. It is necessary for immunity, growth regulation, oxygen transport, and cell
differentiation in human bodies. But too much of this ion might cause toxicity or even fatalities.
Consequently, it is crucial to quickly and accurately determine the concentration of Fe(lll) in
biological and environmental materials. (1,2.3). Since iron is a common element in the rocks
that make up the earth’s crust, there is a lot of it in groundwater. Dissolved ferrous ions (Fe*?)
are the most prevalent type of iron ions found in groundwater., They precipitate at 3 + 10
grams per litre and are insoluble. When they come into contact with the atmosphere, they
oxidise, forming ferric ions (Fe*3) and ferric hydroxide, which precipitate and give the water a
brown hue. Ferrous ions in the water take the form of binary iron (Fe*3), which transforms into
triple iron (Fe*?)., which results in numerous issues; therefore, these oxides must be separated
before using the water. It is not feasible to use water pipes from the process in oxidation-
reduction reactions, which are (Fe — Fe+3 iron), as they will eventually erode. Additionally, this
water cannot be used for washing as it will result in brown spots from iron rust. Additionally,
since the maximum permitted concentration of ferrous ions in drinking water and domestic use
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does not exceed 3.0 mg/litter, the rusting of filter pipes and packaging in groundwater wells is
caused by the containment of ferrous ions., since its growth results in rust on utensils and
other objects, as well as an unpleasant taste (rust taste) (4).

Iron’s impact on health An excessive amount of iron in water is bad for people’s health because
it can build up in the liver, Kkill cells, trigger allergies, and even lead to blood disorders like
anaemia (5). Human indigestion is caused by excess iron, which combines with drinking water
that comes from metal pipes. Hemochromatosis is an iron storage disease that can be
problematic for people with drinking water iron concentrations of 2-3 mg/L (6). Birth defects
are caused by low concentrations of iron, while poisoning is caused by high concentrations.
(7). The field of nanotechnology started to develop in 1958. One part in a billion is what the
word “nano” means. Research and development at the atomic, molecular, or macromolecular
levels is known as nanotechnology.

The fundamental units of Nano scales are nanoparticles, which are one-dimensional particles
with length scales ranging from roughly 1 to 100 nanometres. Because it is possible to produce
and process materials in this size range, there has been a recent upsurge in the use of
particles in various industries. Due to their wide range of applications and usage in numerous
fields, nanomaterials can be used to create a variety of nanomaterials and nanodevices.,
applications in the fields of biomedicine, electronics, magnetism, optoelectronics,
pharmaceuticals, cosmetics, energy, environment, catalysis, and materials. Global investment
in nanotechnology research and development has increased due to the technology’s potential.
The quality of the environment’s air, water, and soil could all be greatly enhanced by
nanotechnology. (8, 9).

Nanoscale semiconductor metal particles and metal oxides have garnered significant attention
lately because of their distinct physical and chemical characteristics in relation to their size. In
recent times, a lot of researchers have focused on blending or combining elements to create
new compounds. Greater value for advancements in all fields of next-generation technologies,
particularly when nanoscale elements are the focus. Lately, different chemical techniques
have been used to create nanoparticles in order to create materials with regulated particle
morphology. (10) After he discovered the glass electrode at the start of the 20th century (11),
which responds to hydrogen ions, these electrodes were developed to become sensitive to
ions like Na+, Li+, and K+. Liquid membranes containing cyclic compounds that are electrically
neutral were then found to be useful as ionic carriers. lonic carriers were greatly advanced
after 1970 when plasticiser and PVC were combined, as they served as the foundation for the
matrix carrier in ionic electrodes. The electrodes are now widely used because these ion-
sensitive selective polymeric membranes have been developed and used to estimate many
ions of different charges with high efficiency (12).

lon-selective electrodes are components of inexpensive, basic analytical instruments,
commonly referred to as sensors. (13-16), Environmental pollution has been acknowledged
as a problem that nanoscience can solve. (17,18). There have been numerous reported uses
of nanotechnology in biomedical and other industries, including cancer therapy, tumour
therapy, antioxidants, biosensors, drug delivery, catalytic activities, and antibacterial, anti-
inflammatory, and antifungal properties (19, 20). In recent years, scientists and researchers
from all over the world have become increasingly interested in producing nanoparticles due to
their unique properties, which include surface photoluminescence (SPR), and biological,
optical, and electrical qualities (21).
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Metal nanoparticles, including those of gold, nickel, silver, platinum, zinc, and copper, have
been produced (22-27). Among these nanoparticles, copper nanoparticles (Cu-NPs) stood
out for their unique features, which can be linked to their physical attributes like morphology,
crystalline structure, and composition. Cu-NPs also showed good heat transfer properties and
were less dangerous and more affordable. (28). Cu-NPs also have the remarkable qualities of
being easily produced and easily modified into the desired shape and size of nanoparticles
(29). Cu-NPs’ biological activity made it a useful source for the synthesis of antibiotics (30).
The physical and chemical methods that include the use of sensor chemical preparation
approach (28), chemical precipitation methods (31), laser ablation methods (32), solid-state
reaction procedure (33), irradiation via gamma ray, and sol-gel have all been adopted for the
synthesis of Cu-NPs. (34-38).

The research aims to explore the significance of iron in biological systems and its
environmental impact, investigate health implications of varying iron concentrations in water,
delve into nanotechnology focusing on nanoparticles’ diverse applications, evaluate the
unique features and synthesis methods of copper nanoparticles (Cu-NPs), assess
advancements in nanoscale metal particles, and understand the development and use of ion-
selective electrodes for analytical instruments and environmental remediation.

2. Materials and Methods.
2.1. Chemicals.

The 99% ferric chloride (FeCl3) was purchased from BDH Company, and Di-butyl
phthalate (C16H2204 98 %) was purchased from Fluka. Polyvinyl chloride (-CH2-CHCI-), 98%
from Fluka, Potassium chloride (KCIl) 99% MERCK, Sodium Hydroxide( NaOH) 99 % from
BDH, Tetra hydrofurane ( C4HsO) 99.9% BDH, Hydrochloric Acid HCI 37% Fluka. All of the
chemical substances were analytical grade and were used exactly as supplied, requiring no
additional purification.

2.2. Mint Leaf Extract Preparation Process: A Detailed Procedure.

After thoroughly washing the mint leaves with distilled water to remove any dust and dirt, they
are air-dried. Subsequently, 50 g of dried mint leaves are weighed and immersed in 500 ml of
distilled water overnight. The extracted solution is transferred to a 500 ml dark beaker and
refrigerated for later use. A mixture of 50 ml of peppermint extract solution and 50 ml of ferric
chloride solution is heated at 80°C with stirring for 2 hours. After cooling, the solution is
centrifuged at 3000 rpm for 15 minutes, followed by drying the precipitate in an oven at 100°C
for a day. The precipitate is then incinerated using a firing furnace at 400°C for three hours.
The resulting product is cooled, finely ground, sifted, and stored in a dry test tube (7,8,9).

2.3. Preparation of Tea Leaf Extract.

Weigh 10 grams of tea leaves and place them in a glass beaker. Add 100 ml of deionised
water while continuously stirring using a magnetic stirrer. Heat the mixture to boiling at a
temperature of 60 degrees Celsius for 30 minutes. Allow it to cool to room temperature. Filter
the cooled mixture through a 0.45-micron filter to obtain a clear tea leaf extract. Take 12 ml of
the filtered tea leaf extract and gradually add it to 100 ml of 1mM AgNOs silver nitrate solution
under dark conditions and at room temperature.
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2.4, PVC Coating of Graphite Electrodes.

Dissolve 0.1900 g of PVC powder in 5 ml of tetrahydrofuran (THF) with continuous mixing until
completely dissolved. Next, add 0.1 g of FeO to the mixture and continue mixing. Incorporate
0.35 ml of di-butyl phthalate into the mixture while stirring. Retrieve a graphite electrode from
a mercury-free 777 battery and clean it by immersing it in a sulfuric acid solution for a specific
duration. The coating process involves immersing the graphite electrode multiple times in a
coating solution until a uniform membrane layer forms on the surface of the graphite electrode.
Allow the electrode to dry overnight in the laboratory. Subsequently, immerse the dried coated
electrode in a 102 M ferric chloride solution for a specific duration to complete the ion
exchange process. See Figure 1.

Figure 1: Preparation of nano substance and electrode construction.

2.5. Multimodal Characterisation of Iron Oxide Nanoparticles: AFM, SEM, FT-IR,
and XRD Analysis.

The surface morphology of the newly synthesised material was analysed using an Atomic
Force Microscopy (AFM) device manufactured in the United States. AFM is a powerful imaging
technique capable of examining a wide range of surfaces, including biological samples, glass,
ceramics, polymers, and composites. It enables the measurement and localisation of various
surface properties such as surface morphology, average grain size, and surface uniformity.

Scanning Electron Microscopy (SEM) was employed to characterise the iron oxide
nanoparticles. The SEM images provided a cross-sectional view of the nanoparticles,
revealing their structure and morphology. Additionally, Fourier Transform Infrared
Spectroscopy (FT-IR) using Shimadzu Japan equipment was utilised to identify any organic
groups present in the formation of iron nanoparticles using mint leaf extract.

Furthermore, X-ray Diffraction (XRD) analysis was conducted to determine the dimensions
and structure of the crystalline nanoparticles. The diffraction pattern obtained from XRD
provided insights into the translational symmetry, unit cell size, and electron density of the
nanoparticles.

Electrochemical measurements, including potential with millivolt (mv) readings, were
performed using a standard calomel electrode (ORION, model ME-SC900) from Britain,
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connected to a pH meter (WTW7110) from Germany. Various parameters such as pH effect,
temperature effect, response time, calibration curve, selectivity, electrode lifetime, and
potential applications were evaluated (28).

3. Results and Discussion.
3.1. AFM Microscopy of FeO NPs.

The AFM measurement of Iron nanoparticles shown in Figure 2 shows the two-, three-
dimensional and linear searches extracted from the AFM images of the Iron nanoparticles.
Through these images, the shape of the surface topography and the total height of the surface
recorded by the AFM is 40.51nm, the average diameter is 135.1 nm, and the roughness of the
surface is Ra=5.395 nm, the high average is 7.484 nm and the shape is The semi-spherical
and particle size obtained through this device are almost identical with the results and close
to the results of the SEM technique (10,11).

3D view of the surface

o
4110

Histogram

Z-Axis - Scan forward _Parabola fit

Pseudo-color view of the surface

Parabola ft 48 2nm

Figure 2: A, B: Surface of Nano Substance (FeO NPs), C: 3D view of the surface of the FeO
NPs.

3.2. SEM Microscopy of FeO NPs.

Scanning electron microscopy (SEM) measurements of Iron Oxide nanoparticles The figure
below shows a cross-sectional image of the shape and alignment of the Iron Oxide
nanoparticles prepared using an SEM at a power of 200 nm; figure 3 shows nanoparticles
volume 26.80 nm (35,36).
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Figure 3: SEM Microscopy of FeO NPs.

3.3. FTIR Spectrum of FeO NPs.

FT-IR revealed the presence of an (O-H) group at a frequency of 3282.8 cm™?, indicating the
presence of alcohols in the mint leaves extract such as (polyols, hydroxy flavones, catechins)
as shown in Figure 4, (C-C) at a frequency of 1647. 21,1636.34 cm™ indicates the presence
of an aromatic component in the mint leaves extract (C-N) at a frequency of 1554.63, 1519.41
cm?, while groups appeared at 667.37, 640.37 cm™, showing the presence of (terpenoids),
which are the largest class of secondary metabolites of plants (18,23)
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Figure 4: FTIR Spectrum of FeO NPs.

3.4. XRD Spectrum of FeO NPs.

The crystalline nature of the FeNPs was examined using X-ray diffraction. He mentioned that
the atoms were crystalline (16,33). The average crystal size of the FeNPs was estimated at
40.165 nm according to the Scherrer equation (44) to calculate the size of the crystals(25), as
shown in Figure 5 and Table 1.
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Figure 5: XRD spectrum of prepared Nano Iron Oxide (FeO).

Through the values below, the average size of the prepared nanoparticles of Iron oxide was
calculated by applying the Scherrer equation 22,34 in 40.1566 nm.

Table 1: XRD diffraction values and nanopatrticle sizes for FeO NPs.

NO Pos. FWHM D- Height :-\;?I' Dnm Average
" | [°2Th] [°2Th] spacing [cts] [%]' Dnm

1 24.2822 0.1968 3.66554 335.28 38.88 43.14

2 33.2799 0.1968 2.69223 862.37 100 44.02

3 35.7589 0.1968 2.51107 668.09 77.47 44.32

4 40.9974 0.1476 2.20151 215.52 24.99 60.04

5 49.57 0.1968 1.839 270.55 31.37 46.46

6 54.1397 0.246 1.69408 324.49 37.63 37.90 40.1566
7 57.6313 0.246 1.59948 64.3 7.46 38.51 '

8 62.512 0.3444 1.48582 183.06 21.23 28.20

9 64.0893 0.1968 1.45301 235.42 27.3 49.77

10 | 69.6502 0.2952 1.34998 20.59 2.39 34.26

11 | 72.0609 0.3936 1.31064 60.26 6.99 26.08

12 | 75.5569 0.36 1.25741 37.91 4.4 29.18

3.5. Effect of pH.

The best pH range was between 5 and 8. It observed that with the pH decrease, the potential
will increase because hydrogen ion release in the solution ,But In the case of an increase in
pH, it forms a precipitate when the base is added. The voltage is reduced because of the
damaged coated layer on the electrode (24 -31), see figure 6.
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Figure 6: pH Effect on FeO NPs.
3.6. Effect of Temperature.

The effect of temperature was studied in a range of 5-50 °C, as it was noted that the best
range of temperature in which the electrode operates without significantly affecting the voltage
was between 20 to 30 °C and it turns out that there is a significant rise at higher temperatures
in the voltage difference results at 30 °C which may happen as a result of both the
manufactured electrode membrane’s increased surface area and the increased mobility of
Fe*2 molecules in the solution outside the electrode. As demonstrated in (27,34) Figure 7, the
increase in temperature directly correlates with an increase in the movement of solution ions
and the membrane’s surface area.
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Figure 7: Effect of Temperature on FeO NPs.
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3.7. Response Time

The response time for the manufactured probe is depicted in Figure 8. It is noted that the
electrode’s response time is inversely proportional to the concentration of ions in the
external solution and that it ranges within a concentration range of 10 — 107! molar
ranges between 6—88 seconds. Because the ions can more easily reach the electrode’s
outer membrane when their concentration in the external test solution rises, the response
time decreases as well. Conversely, when the concentration of ions falls, fewer ions are
present in the external solution, which means it takes longer for the potential electrode to
reach an equilibrium state (16,21,35).
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Figure 8: Effect of Response on FeO NPs.
3.8. Calibration Curve

Figure 9 shows the standard electrode curve. The Nernstian response’s linear range fell
between 101-10"1! molar, the value of the correlation coefficient was 0.9997, and the slope
given by the electrode was -28.727mv/decade, which was close to the true value of the
Nernesti slope 29 mv/decade (12, 26).
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Figure 9: Calibration Curve for FeO NPs Electrode.

Accuracy and Precision.

After drawing the calibration curve for the electrode, the accuracy and compatibility were
studied by measuring the voltages for different concentrations of aqueous Iron Chloride
solution located within the linear range of the electrode’s response to the calibration curve

(2,4), not six readings, and the results are as shown in the following table 2.

Table 2: Accuracy and Precision Value.

Rec %* | RE%* | RSD %* | Measurement Taken Electrode
Concentration (M) concentration (M)
98.5 -1.5 0.635 0.00985 0.01
99.80 | -020 |0.422 | 0.0009980 0.001 CG- FeO
NPs
99.7 -0.3 0.1134 0. 000000997 0.000001

*Average of six readings

3.10.

Detection limit.

The detection limit was calculated for the prepared electrode by taking the lowest
concentration taken from the calibration curve that the electrode sensed by measuring its
potential six consecutive times, and the results are shown in the following Table 3 (22, 37).
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Table

3: Detection limit

sandard |
Detection limit(M)* Deviation Electrode
(molar) the electrode
(SDX is sensitive to
2.4x10710 0.9620 10710 CG - FeO NPs

3.11. Selectivity

One of the most crucial factors influencing the type of selective electrode and the range of
applications it can be applied to is its selectivity. Using the mixed solution method, the values
of the selectivity coefficient were calculated against the interfering ions, as indicated in the
table below. The concentration of the interfering ion and the relative error can be used to

express the selectivity coefficient, as shown in Table 4 (6,8,13).

Table 4: Selectivity coefficient values.

K Ag, Bpot Selectivity coefficient values
of Fe+2 Concentration Interfering lon 102M
104 102
Zn?*
0.000006987- 0.00605
1+
0.00000950 -0.00000088 K
2_
0.00000366- 0.00000743- SO
2+
0.0000001532 0.000001892 Pb
Ca2+
-0.0000736 0.000000219
Mn?*
0.000001178 0.000036521-

3.12. Life Time of Electrode.

The age of the electrode was estimated by measuring the voltage difference from one day to
the next, using a standard solution of copper ions at a concentration of 10 M. The age of the
electrode was 48 days, after which it was noticed that the voltage difference began to
decrease(22.34). The reason for the decrease in electrode life is due to leakage and damage

to the coating layer 35, as shown in Figure 10.
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Figure 10: Life Time of Electrode for FeO NPs
3.12. Applications.

A sample of Iron Chloride was prepared by taking a volume of 2.5 ml of a solution of a
concentration of 10 M in a volumetric Flask of 25 ml and diluting it with tap water. Then 1 ml
of the (manufactured sample) was transferred to a series of 6 volumetric flasks of 10 ml
capacity, to which increasing volumes 0.5-2 ml of a standard solution of Iron Chloride were
added at a concentration of 10 - 2 molar, except for one of the bottles that was left without
addition and completed volume with distilled water to the mark. The potential difference was
measured for each solution, and the relationship was drawn between Antilog AE/S against the
volume of the standard solution of added Iron ions; the results are shown in Figure 11 and in
Table 5, as the concentration of the studied Iron ions was found in a solution Iron Chloride
(22,31,38).

4.5 - Y=1.017X +0.974 =
4 0.9991 =2R

Antilog(AE'S)

r T o T T T 1

2- 1- 0 1 2

w
=

volume (ml)

Figure 11: Application curve of the manufactured sample for the determination of copper
Fe*2ions
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Depending on the straight line equation, and when y = 0, x = 0.93, the volume of the standard
solution in ml (Vs) of copper ions at a concentration of 10 molar, using the following equation

Vo (1-3) / C=VsX

C: the observed concentration of the solution.

X: The concentration of the studied solution is 10 M.

V: The volume taken from the standard solution and equal to 1 ml.

VS: the volume of the solution extracted from the equation and equal to 0.93 ml.

Table 5: Applications to the Sample manufactured by the standard addition method

Concentration Taken Concentration
0) 0)
RIENL RESH measured (Molar) (Molar)
-3 97 0.00097 103

4. Conclusions

An easy, simple, and inexpensive method for the determination of iron in wastewater was
developed, relying on natural sources in the preparation of nanoparticles (green chemistry
method). This method offers a broad-ranging, fast, sensitive, and wide-ranging approach to
determining the concentration of iron ions in agueous solutions. Moreover, the materials used
in the manufacture of the nanomaterial are simple and available, requiring very small
guantities. The possibility of applying this method easily to monitor environmental pollution
caused by the presence of iron in industrial water discharged by oil refineries is a significant
advantage. Furthermore, there is potential for developing the method in the future using new
nanomaterials that are available in nature and environmentally friendly, thus contributing to
advancements in nanotechnology.
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