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Magnetic Ion Imprinted Materials (MIIMs) have
specific recognition capabilities so that they have
been widely used for the manufacture of
electrochemical sensors with high selectivity. In
this study, an electrochemical sensor has been
developed for the detection of Cu(Il) by modifying
the screen printed carbon electrode (SPCE) by
carbon paste-copper(I[)MIIM. MIIM is made of a
mixture of Fez04@Si0; and Cu(Il) 3-aminopropyl
triethoxysilane complex. MIIM characterization
was based on surface morphology, FTIR spectrum
and electrochemical properties of the modified
SPCE. At the pH 3, the cathodic peak current from
the sensor increases linearly with the Cu(II)
concentration in the range from 0 ~200 nM with
a detection limit (S/N = 3) of 3 nM. In addition,
the developed sensor exhibits high sensitivity is
0.49 pA/nM with an accuracy of (102.7 + 1.5) %.
The Cu(II) sensor can be applied to surface water
samples.
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Introduction

The field of electrochemical sensors in
contemporary sensing systems has experienced
numerous advancements stemming from the
progress made in microelectronics and
microengineering. These developments have
primarily led to the creation of smaller sensors
with heightened sensitivity and selectivity,
while reducing  production and
maintenance expenses. The ongoing research on
electrochemical
investigating novel materials to enhance their
selectivity capabilities as well as improve
detection limits. The study of material behavior
at the nanometric scale has contributed
significantly to advancements in research and
the practical use of electrochemical sensors and
electroanalytical methods. The exploration of
material behavior at the nanometric scale, which

also

Sensors focuses on

deals with dimensions and tolerances of less
than 100 nanometers, has been pivotal in
driving forward research and practical
applications in the realm of electrochemical
sensors and electroanalytical methods. At this
minute scale, materials often exhibit unique
physical and chemical properties that differ
significantly from their bulk counterparts. These
properties include increased reactivity,
strength, electrical conductivity, and specific
surface area. In the context of electrochemical
such nanoscale materials provide

sensitivity and selectivity for
detecting various analytes. The
surface area at the nanoscale allows for a higher
density of reactive sites, thereby improving the
sensor's responsiveness to target molecules. In
addition, the manipulation of
materials has led to the development of more
compact, efficient, and versatile sensors, which
are crucial for real-time monitoring and analysis
in environmental, medical, and industrial
applications. These advancements in
nanomaterials  have enabled the
miniaturization of electroanalytical devices,
making them more portable and user-friendly,
thereby expanding their use beyond traditional
laboratory settings into field applications and

Sensors,
enhanced
increased

nanoscale

also
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personal healthcare devices. This intersection of
nanotechnology and electrochemical sensing is
a testament to how studying materials at the
nanometric scale can fundamentally transform
and enhance technological capabilities.

Electrochemical sensors, which are a type of
chemical sensor, have emerged as leaders in this
field and have successfully transitioned into
commercial applications. These sensors have
proven to be invaluable tools in various areas
such as clinical analysis, industrial processes,
environmental monitoring, and agricultural
studies [1,2,3,4,5,6,7].

The sensor is comprised of two primary
components: a recognition element which
facilitates selective and specific binding with the
target analyte, and a transducer responsible for
transmitting information regarding the binding.
Parameters such as response time, signal-to-
noise ratio (S/N), selectivity, linear range, and
limit of detection (LoD) are all key factors in
determining the effectiveness of these sensor
components in recognizing and detecting
analytes accurately. Enhancing the conductive
properties of the sensor surface is a fundamental
approach employed in the construction of
electrochemical sensors to facilitate efficient
electron transfer between the analyte surface
and working electrode. Extensive research has
been conducted on modifying the composition
of the working electrode as a means to enhance
both selectivity and sensitivity in
electrochemical analysis. The working electrode
plays a crucial role in amperometric and
voltametric electrochemical sensors. Carbon-
based electrodes, including carbon paste
electrodes, glassy carbon electrodes, pencil
graphite electrodes, screen printed electrodes,
as well as metal-based gold electrodes, are
commonly utilized and modified for this
purpose [8,9,10,11,12,13].

Electrode surface modification can take the
form of various techniques, including the
application of an electroactive thin film, a single
layer deposition method or a thicker layer
created through strategies such as drop-casting
[10,14,15,16,17]. Utilizing modified electrodes
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in voltametric analysis offers several
advantages, including exceptionally low
detection limits, enhanced selectivity and the
capability to simultaneously determine multiple
analytes [18,19,20,21]. Extensive research has
been conducted on the advancement of
electrochemical sensors for Cu(ll) detection.
This includes both conventional methods as well
as contemporary approaches with and without
modification [22,23,24,25,26,27].

Copper holds significant importance in
various metabolic processes, making it an
essential organisms.
Nevertheless, present in  high
concentrations, copper can have detrimental
effects on living organisms. Prolonged exposure
to the elevated levels of copper in humans may
lead to various adverse health issues including
stomach discomfort, dizziness, vomiting, and
diarrhea. In addition, excessive absorption of
copper can result in liver and kidney damage as
well as potentially fatal outcomes. As a result,
there is a need for analytical methods with high
sensitivity and low detection limits when
determining the of Cu(Il)
[28,29,30,31]. Two techniques commonly used
for this purpose are coupled plasma emission
spectrometry [32], and atomic emission
spectroscopy [33]. However, these methods
pose challenges due to their reliance on large
instruments, costly maintenance requirements,
and skilled operators.

In recent times, there has been a significant
surge in research focused on ion-imprinted
polymers for the detection of Cu ions [34,35].
This approach offers a straightforward design,
excellent sensitivity, and a remarkable low
detection limit [1,27] it comes to
determine Cu. Furthermore, the utilization of
Cu(ll) imprinted polymers [36,37,38] in
fabricating ion-selective electrodes highlights
their distinctive features and wide range of
applications in this field [25,26].

lon-imprinted technology (IIT) emerged
as a natural progression of molecular
imprinting, sharing similar principles while
focusing on ions as the templates. The

element for most
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concentration

when
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synthesis of ion-imprinted polymers (IIP)
typically involves various components such
as template ions,
crosslinkers, initiators, and solvents. In this
context, the desired targets are usually
specific ions that serve as templates for
polymer formation. In the development and
implementation process
procedures are employed to
template ions and functional monomers
either through covalent or non-covalent
bonding to create a pre-polymerization unit.
Subsequently, polymers with significant
cross-linking and rigidity are produced by
utilizing initiators, cross-linking agents, as
well as photoinitiated or thermally initiated
polymerization techniques. In the end, the
template ion
chemically, resulting in a printed cavity that
closely resembles both the size and structure
of the template ion. These distinctive cavities
exhibit high selectivity towards target ions
through specific recognition mechanisms. To
ensure the desired outcome of an IIP, careful
consideration should be given to selecting the
appropriate  ion template,
monomer, crosslinker, initiator, and solvent
based on the target material [39,40,41].
While IIPs are known for their high
selectivity, it is important to note that the
incorporation of functional monomers and
template ions within the polymer network
can limit site accessibility for the target ion.
Consequently, this may result in a reduced
To address this
have

functional monomers,

of IIP, wvarious
combine

is removed physically or

functional

rate of mass transfer.
limitation, researchers
method called ion-imprinted
technology. This innovative approach utilizes
supporting materials such as mesopore silica
[42], MWCNT [43], and Fe304 [44] coated
with a specialized polymer layer. This
polymer layer possesses selectivity and
effectively binds to the targeted metal ion
through imprinting techniques.

The surface ion-imprinted polymer (SIIP)
developed by SIIT has several advantages,
including its high selectivity,

devised a
surface

increased
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accessibility to binding sites, elevated
adsorption capacity, and rapid mass transfer
rate [45]. By creating the recognition site on the
support's surface instead of deep embedding it,
SIIP exhibits improved accessibility to target
ions while avoiding complications associated
with deeper embedding techniques [46].
Generally, SIIT have been extensively employed
for the separation of metal ions in various
studies [47,48]. In our research endeavor, we
have utilized SIIT to create a Cu (II) ion sensor
through the implementation of voltammetry.
This study aimed to develop an electrochemical
sensor utilizing SIIT. The inclusion of Fe304 as a
core material facilitates the separation process
during synthesis [49,50,51].

The presence of hydroxyl groups on the
surface of Fes04 poses challenges in grafting
onto it. To overcome this issue, a silica coating is
applied to enhance both the grafting ratio and
anti-acid capacity of this composite material.
The production of magnetic ion imprinted
polymer  (MIIP)
polymerization on Fe304 surfaces, leading to a
stable product that retains its
integrity even in acidic conditions [52.53].

This study involved the modification of a
silica layer onto the surface of iron oxide
(Fe30.@Si02) using the sol-gel method. This
process began with the preparation of a sol, a
colloidal mixture of precursors such as
tetraethyl orthosilicate (TEOS) with water,

involves the silica

structural

Methods
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alcohol, and a catalyst like hydrochloric acid or
ammonia. The sol underwent hydrolysis and
polymerization reactions, leading to the
formation of a gel-like network that coated the
Fe304 particles. As the gel solidified, it created a
porous, silica-rich layer on the Fes04 surface,
enhancing its chemical and physical properties.
Subsequently, the Cu(II)-APTES complex was
grafted onto this modified surface of Fe304@SiO>
particles, also known as magnetic ion-imprinted
material (MIIM). This method leveraged the
unique advantages of the sol-gel process, such as
controlled porosity and surface area, to improve
the material's functionality in
applications. In recent studies, researchers have
examined the application of Fez04 as a modifier
in the working improve
electrochemical detecting
monosodium glutamate [54]. Furthermore, the
inclusion of Fe304in the nata de coco membrane
has been found to enhance the potentiometric
sensitivity of phenol sensors (Figure 1)
[55,56,57].

The MIIM utilization as a modifier on the
surface of screen-printed carbon electrodes
(SPCE) offers a novel approach to enhance the
sensitivity of electrochemical Cu sensors via
voltammetry. This technique involves modifying
SPCE with a molecularly imprinted polymer
specifically designed for uric acid [58] and 4-
aminophenol sensors, thereby improving their
performance [59].

sensor

electrode to
sSensors for

Electrochemical properties
characterization

[ The Culll) sensor performance ]

The Cu (ll) Sensor Characterization
Effect of pH

FIGURE 1 Flow diagram of this study
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4[ MIIM preparation ]

‘ FeaO4@siOZ2 Preparation
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MIIM preparation
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Chemicals

All reagents and chemicals utilized in this
experiment were of analytical grade and were
employed without any further purification.
Carbon paste, Fe30s, tetra ethyl ortho silicate
(TEOS), 2-propanol, ammonia, copper sulfate,
copper chloride, 3-aminopropyl tri ethoxy silane
(APTES), methanol, and KCl were procured from
Sigma-Aldrich in the United States. Sulfuric acid
(H2S04),  hydrochloric  acid,  KsFe(CN)s,
K4Fe(CN)g, NaOH, KH2PO4, K;HPO4 from Merck;
standard buffer at pH levels 4 and 7; as well as
demineralized water was obtained for use.

Instrumentation

The Potentiostat/Galvanostat Autolab
PGSTAT204 and DropSens pStat200 were
utilized  for the  testing.  Additional

experimentation was conducted using a
customized SPCE. The surface morphology of
Fe30,@Si02-1IM was assessed through SEM and
FTIR analysis to evaluate the efficacy of
synthesizing Fe;04,@Si0,-11M.

MIIM preparation

MIIM preparation refers to a procedure that has
been developed by Luo et al. [22].

1. Fe304@SiO; Preparation

5 g Fe304 was added to 250 mL of 2-propanol
and 2 mL of distilled water, sonicated for 15 min,
and then added 20 mL ammonia and 33.3 mL
TEOS, stirred for 12 h. Then, it is separated by a
magnet. Then wash with distilled water until
ammonia-free.

2. F Fe30,@Si0,-1IM or MIIM preparation.

a. 0.75 g CuCl; added 60 mL of methanol in a
water bath and 4 mL of 3-aminopropyl tri ethoxy
silane (APTES) stirred for 1 hour.

b. Fe304@Si0; of no. (1) is suspended into 50
mL of methanol, and then stirred and added to
the mixture (a) above.

¢. The mixture (a) and (b) is stirred for 24
hours at 40-50°C.

A. Mulyasuryania et al

d. Fe30,@Si0, -IIM is separated with a
magnet and washed with methanol and
followed by HClL. 2 M and distilled water until
HCl-free; check with litmus. Any Fe304@SiO -
[IM separation at the time of washing is
magnetized.

SPCE modification

Three different combinations of mixtures
can be used for modifying SPCE. These
include a mixture containing equal amounts

of carbon and MIIM in a 1:1 ratio, as well as

a combination of 0.1 g each of MIIM and
carbon, which is mixed with a few drops of
paraffin oil and stirred to obtain a paste-like
consistency. The paste was applied onto the
surface of the working electrode on the
SPCE, and subsequently dried at 50 °C for 10
minutes.

Electrochemical properties characterization

The electrochemical performance was evaluated
through cyclic voltammetry on various sensor
types including SPCE, SPCE-carbon paste, SPCE-
MIIM, and SPCE-carbon paste-MIIM. To carry
out the experiment, a 0.5 mM solution of
[Fe(CN)6]3/4 in KCI (0.01 M) was utilized as a
standard solution. The potential was set at -1.0-
1.0 Volt and the scan rate ranged from 50 to 200
mV with increments of 25 mV (ie,
50,75,100,125,150). CV measurements were
conducted on a 100 pM Cu solution in 0.01 M
KCl, with a potential ranging from -0.5 to 0.5
Volt. The diffusion coefficient was determined
by conducting measurements at scan rates of 50,
75,100, 125,150, and 200 mV.

The Cu (1I) sensor characterization

Effect of pH

The influence of the pH of the supporting
electrolyte on the voltammetric response of
SPCE, specifically SPCE-MIIM and SPCE-C-MIIM,
was investigated in a pH range from 2.0 to 5.0
with a Cu concentration of 100 uM. The pH
adjustment was achieved using Briton Robinson
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buffer
conducted using CV (cyclic voltammetry) and
SWV (square wave voltammetry).

solution. The measurements were

The Cu(ll) sensor performance

The evaluation of the proposed technique will
involve an analysis of its linearity range and
detection limit. The linearity range will be
determined by observing the relationship
between peak current and Cu(II) concentration,
while the detection limit refers to the minimum
value at which this relationship can be reliably
detected. The concentration of Cu solutions was
varied between 0.5-200 nM by dilution in a
buffer solution at pH 3. SWV measurement with
a frequency of 10 Hz and scan rate of 50 mV was
conducted at a potential range of -0.5 to 0.2 Volt.

Results and Discussion

Characterization of magnetic ion
material (Fe;0;@Si0;-1IM)

imprinted

The characterization of the magnetic ion
imprinted (Fe304@Si02-1IM)  is
demonstrated in Figure 2, where its FTIR
spectrum is compared to that of commercial
Fe304 utilized in this study. A noticeable
distinction between the two spectra can be
observed from the image. The FTIR analysis of
Fe304 reveals a single peak at a wave number of
533 cm-}, suggesting the existence of Fe-0 bonds
[60,61].

On the other hand, in the FTIR spectrum of
Fe30.,@Si0;-11M, distinct peaks can be observed:
one at 1620 cm! indicating the presence of a
secondary amine group and others at 1043 cm-t,
937 cm! indicating siloxane groups such as Si-
0-Si or Si-O-C and silica ions, respectively
[62,63].

The findings align with the SEM's EDX
spectrum, suggesting that Fe, Si, O, and Cl are
present in Fe30,@Si0,-1IM. The findings of the
study, particularly in relation to the composition
of the Fe304@Si02-1IM (Iron Oxide at Silica-lon
Imprinted Material), show a strong correlation

material
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with the data obtained from the SEM's (Scanning
Electron Microscopy) EDX (Energy-Dispersive
X-ray) spectrum. The EDX spectrum, a technique
used for elemental analysis or
characterization of a sample, revealed the
presence of key elements: Iron (Fe), Silicon (Si),
Oxygen (0), and Chlorine (Cl) in the synthesized
material. Iron, being a primary component of
Fe30,, indicates the successful incorporation of

chemical

iron oxide nanoparticles within the material's
structure. Silicon and oxygen are indicative of
the silica matrix, which is crucial for the stability
and functionality of the ion-imprinted material.
The presence of chlorine suggests the successful
compounds or
functional groups during the synthesis process,
possibly from the precursors or catalysts used.
This elemental composition confirms the
successful formation of the Fe304@SiO2-11M,
with each element playing a critical role in the
material’s properties subsequent
application in electrochemical sensing. The
alignment of these findings with the SEM's EDX
spectrum not only validates the material's

integration of chlorinated

and its

composition, but also underscores the
effectiveness of using advanced microscopic and
techniques  for

characterization in nanotechnology and sensor

spectroscopic material
development.

In addition, Figure 3b indicates the release of
Cu(ID).

Electrochemical characterization

The Fe(CN)e3/4- 0.5 mM solution in 0.01 M KCl
was subjected to CV measurements at different
scan rates. The electrochemical reduction of
ferricyanide ions to ferrocyanide and the
subsequent oxidation process were performed
on a SPCE electrode with a diameter of 3 mm,
utilizing CV techniques at scan rates ranging
from 50 mV s-! to 200 mV s-L. Figure 4 displays
the typical cyclic voltammetry response for
redox couples, specifically for a solution
containing 0.5 mM potassium ferricyanide
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FIGURE 2 FTIR spectrum of Fe304and Fe;0,@Si0,-11M
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FIGURE 3 Scanning electron microscopic image of MIIM (a) and EDX (b)

in a 0.01 M KCI solution. CV comprises of
both an anodic sweep (forward sweep) and
a cathodic sweep (reverse sweep). During
the initial phase of the forward sweep,
specifically before reaching 0.0 V, there is no
occurrence of electrolysis.

However, once the voltage surpasses this
threshold (0.0 V), an oxidation process
initiates and gradually intensifies until it
reaches its maximum value on the current-
voltage curve. At this point, the graph
showcases a distinct peak shape which

suggests that the oxidation process becomes
diffusion-limited. Following the
continuation of the oxidation process, there
isa decline in its rate. The overall outcome of
this process involves the conversion of
ferrocyanide into ferricyanide. The point at
which the oxidation current reaches its
highest magnitude is referred to as the
anodic peak current (Ipa), the
maximum potential at that point is known as
the anodic peak potential (Epa).

while
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FIGURE 4 Cyclic voltammogram for Fe(CN)e3-/4- 0,5 mM in 0,01 M KC1. SPCE (a); SPCE-C-MIIM (b);

SPCE-MIIM (c); and SPCE-C (d)

The CV measurements yielded an E. value of
0.349 V and an I, value of 1.82x10-5 A.
Interestingly, even in the reverse or cathodic
sweep, the oxidation process still takes place
followed by a subsequent reduction of
[Fe(CN)g]3- that reaches its maximum point
where the CV once again exhibits a peak shape.
During the reduction process, the system
eventually reaches its diffusion limit. At this
point, the value of E. is measured to be 0.195 V
and I, is found to be 3.22x10-5 A. The reduction
reaction then proceeds further. Analysis from a
cyclic voltammetry experiment confirms that
the redox reaction between ferricyanide and
ferrocyanide involves the transfer of a single
electron. The experiment involved conducting
measurements on various electrodes,
specifically SPCE; SPCE-C-MIIM; SPCE-MIIM;
and SPCE-C. Based on the data presented in
Figure 5, a curve was formulated to establish a

relationship between the square root of the scan
rate (v) or vl/2and the cathodic and anodic peak
currents for predicting the diffusion coefficient
of Fe(CN)¢3-/4 for each sensor, as shown in
Figure 5. According to Figure 4, analyzing the CV
data and peak current values reveals that an
increase in the scan rate leads to higher I,, and
I, peaks. This finding demonstrates a clear
correlation between the peak current and scan
rate, relationship
described in the Randles-Sevcik equation at
298.15 KWhere, nis the number of electrons
involved in the redox half-reaction being
studied, D is the diffusion coefficient for the
redox species, Cis  the
concentration of the redox active species, 4 is

thereby confirming the

active molar
the surface area of the electrode, and v is the
rate at which the potential is being swept
[63,64,65,66].

I, = (2.69x10°)ACn3/2p1/291/2
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MIIM

According to the findings presented in Figure
5, it is evident that the diffusion coefficient for
Fe(CN)e3/4 is highest when SPCE is modified
with a combination of carbon paste-MIIM (SPCE-
C-MIIM). As a result, this particular sensor
exhibits the highest level of sensitivity. In
consideration of the observed electrochemical
properties of each sensor, it has been
determined that the SPCE-C-MIIM
exhibits the highest sensitivity. Consequently,

Sensor

Cu**+ e~ - Cut
Cu*+ e” - Cu
When utilizing Ag/AgCl as a reference electrode

in 0.01 M KCI solution (E = 0.346 Volts), the
reduction potentials mentioned above are

CV analysis was conducted on this particular
sensor using a 100pM Cu(II) in a 0.01 M KCl
solution.

Electrochemical analysis was also conducted
on SPCE for the purpose of comparison, as
Figure 6. The
voltammogram of the Cu(Il) solution in KCI

demonstrated in cyclic
revealed two distinct anodic peaks occurring at
-0.14 and +0.2 Volts, indicating the presence of

two oxidation states of Cu(II), that Cu(I) and Cu.

E° = +0.153 Volt

E° = 4+0.521 Volt

-0.193 +0.175 Volts,
correspondingly. The current height observed at
the initial reduction level is significantly

altered to and
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higher than that of the second reduction
(Figure 5). Hence, only the diffusion
coefficient corresponding to the first
reduction peak, which represents Cu(ll)
being reduced to Cu(l), is compared in the
Cu(II) sensor. In terms of measurements, the
application utilizes SWV technique and
focuses on observing the first reduction
peak. Asillustrated in Figure 7b, it is evident
that SPCE-C-MIIM's Cu(Il) sensor exhibits
the highest diffusion coefficient among other
sensors tested. The addition of carbon paste
enhances electron delivery conductivity due
to the conductive nature of carbon (=103
S/m) [67,68]. Consequently, the Cu(ll)
sensor can be labeled as SPCE-C-MIIP based
on its diffusion coefficient.

Effect of pH

Understanding the impact of pH is crucial in
investigating how the solubility of Cu(Il) in
water can be influenced. It has been observed
that under acidic conditions, specifically at a pH
range between 1 to 2, Cu(Il) ions exhibit high
solubility. At a slightly higher pH value of 3, the
Cu(l) formation starts to occur and it still
remains soluble in water. However, starting
from a pH level of 6 onwards, the formation of
Cu(II) takes place and its solubility decreases
considerably (Ksp = 4.8 x 10-20) [69,70].

In this particular study, observations were
made within a range of pH values ranging from
2 to 5 using Britton Robinson buffer as an
electrolyte support. The pH influence on the
peak current of the SWV voltammogram can be
observed in Figure 8. To compare the effects,
both sensors (Cu(ll) from SPCE-C-MIIM and
Cu(1I) from SPCE-MIIM) were studied alongside
an SPCE as a control since their diffusion
coefficients are similar. The linear regression
equations presented in Table 1 were essential in
this analysis, offering a quantitative framework
to compare the performance of various Cu(ll)
sensors under different pH conditions.

The peak current (I;) of the SWV
voltammogram in SPCE is higher than in
modified SPCE, but the data has a large deviation
from 5 repetitions. At pH 2 the [, of the modified
SPCE is lower than the I, at pH 3, and tends to
decrease at pH 4 and 5. This may be caused by
the charge of the Cu ion. At pH 2, the Cu ion in
solution is dominated by Cu?*, while at pH 3, itis
dominated by Cu(OH)*. It is estimated that the
diffusion speed of Cu(OH)*is higher than Cu2+, so
that Ip is higher at pH 3. This does not happen at
unmodified SPCE, because its surface is not
selective . At pH 4 and 5 Cu(OH); begins to form,
so that the Cu(OH)* begins to decrease, as a
result I, decreases. The effect of pH in SPCE-
MIIM and SPCE-C-MIIM, on I, has almost the
same profile, but the deviation in SPCE-MIIM is
higher.
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FIGURE 8 Relationship curve between pH and peak current of 100
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FIGURE 9 Relationship curve between Cu(Il) concentration and SWV peak current for SPCE; SPCE-C-
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TABLE 1 Linear regression equations for various Cu(II) sensors

Sensor Linear regression R2
SPCE I,=0.3376 C 0.943
SPCE-C-MIIM [,=0.3672C 0.990
SPCE-MIIM I,=0.144C 0.936

The Cu(ll) sensor performance

The detection of Cu(Il) ions by square wave
voltammetry method was performed on three
different platforms: unmodified SPCE, SPCE
modified by MIIP/Cu (referred to as SPCE-MIIP),
and a paste made from carbon and MIIP/Cu
(known as SPCE-C-MIIP). Figure 9 presents the
SWV  peak obtained at

current various

concentrations of Cu(ll) at pH 3 in Britton
Robinson buffer solution. The measurements were
conducted using CV (cyclic voltammetry) and SWV
(square wave voltammetry).

To evaluate the performance of the SPCE-C-
MIIP sensor, a retest was conducted using various
concentrations of Cu(Il) ranging from 0 to 200 nM.
by SWV method, the voltammogram shown in
Figure 10a. From the voltammogram in Figure
10a, a standard curve was created, resulting a
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regression equation I, = 0.49 C with a sensitivity
0f 0.49 pA/nM and a LoD is 3 nM. Sensor accuracy
was determined by standard addition for three
surface water samples. Each sample was added by
20 nM Cu(Il), the voltammogram can be seen in

2 2 2 B £

Current{pA)

e Samiple €'

3

Current (u\)

Sample C + 20 nM Cu(ll)

= €

/
[

=
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Figure 10b. The sample’s acidity was adjusted to
pH 3 by Britton Robinson buffer in SWV analysis.
The average accuracy of the standard addition

results for
(102.7+1.5)%.

the three water samples

200 nM

0.6 05 04 0.3 0.2 0.1 0 0.1 02 03
Potential (Volt)

()

2
5

05 04 03 0.2 0.1 0 0.1 0 03
Potential (Volt)

(b)

FIGURE 10 Voltammograms of various Cu(ll) concentrations at pH 3 (a), and voltammograms of
samples and standard additions (b), resulted by the Cu(Il) sensor of the SPCE-C-MIIP

Conclusion

To sum up, this study has successfully developed
a novel electrochemical sensor that significantly
enhances the detection of Cu(Il) ions. The key
innovation lies in the use of the Fe30.@SiO-
(Cu(IN)-APTES composite (MIIM) and its
integration with a screen-printed
electrode (SPCE). This combination, particularly
when augmented with carbon paste, has led to
remarkable improvements in sensitivity and
accuracy over traditional SPCE sensors. The
standout performer, the SPCE-C-MIIM sensor,
showcases exceptional electrochemical
properties, achieving high sensitivity, a
remarkably low detection limit, and impressive
accuracy specific conditions. The
significant advancements in detecting Cu(II) ions
with these sensors, especially their potential
application in analyzing surface water samples,
substantial  step
environmental monitoring and public health
protection. This breakthrough underscores the
transformative impact of innovative material

carbon

under
forward in

mark a

design and composite integration in enhancing
the capabilities of electrochemical sensors.
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