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Abstract

The main objective of the research was to deposit thin films of silver on a graphite carbon paste in a phosphate buffer
medium using an electrochemical method. To construct a nitrofurazone detection sensor that is highly sensitive. Different
manufacturing parameters, such as electrodeposition potential, pH effect, potential scan rate effect, and number of scan
cycles, were examined in this section. The parameters were optimized to improve the deposited silver layers various elec-
trocatalytic characteristics. The Nitrofurazone reduction process is diffusion controlled, as seen by the linear variation of
Epc with log(v). The constructed Ag-NPs@CPE electrod has excellent electrical characteristics a large active surface area
and low background with extremely high electrical conductivity, according to structural and electrochemical characteriza-
tions such as Scanning electron microscopy, X-ray diffraction (XRD) and cyclic voltammetry. The constructed sensor has a
very remarkable analytical performance for nitrofurazone molecule identification, with a very low detection limit of about
107® M. The detection of nitrofurazone using our Ag-NPs@CPE sensors in real samples contaminated with the antibiotic
nitrofurazone, such as tap water and urine. In the selected sample, the electroanalytical findings reveal a very satisfactory

recovery rate of more than 94 percent.
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1 Introduction

Antibiotic contamination is a major global issue due to the
negative effects of antibiotic usage and mismanagement on
ecosystems and human health. Antibiotic residue detection
in food is important, but scientists find it difficult to ana-
lyze accurately and efficiently. In this sense, the European
Community decided in 1993 to prohibit the use of different
nitrofurans (furaltadone, nitrofurantoin, and nitrofurazone)
in food animals to protect human health [1, 2]. Nitrofura-
zone (5-nitro-2-furaldehyde semicarbazone) is a nitrofuran
derivative exhibiting antibacterial action against a diversity
of gram-negative and gram-positive bacteria [3, 4]. It is also
an anti-infective used to treat or monitor infections of the
skin, genitourinary tract, eye, nose, and ear [5, 6]. The vast
majority of medicines are The pharmacokinetic half-life
of Nitrofurazone (NFZ) tablets or injections is quite short.
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The excretion is renal, with 40% of it in an active condition,
which explains the activity of the urinary tract. Oral absorp-
tion is quite high. Nitrofurans are found in breast milk [7].
In veterinary medicine it's used to treat and prevent coc-
cidiosis in chickens and cattle as well as to treat necrosis.
Nitrofurazone is a potential teratogen and carcinogen that
enters the human body via the food chain and is consumed
through food and food products. The year was 1995. The
Chinese Ministry of Agriculture has declared that the use of
nitrofurazone for humans and animals is prohibited [8]. As a
consequence, to provide better protection against contamina-
tion issues, it is essential in developing a method of analysis
that is sensible, rapid, workable and effective for analyzing
the active principle of Nitrofurazone in real-world samples.

Several methods have been developed and applied to
detect traces of Nitrofurazone active substances, including
high performance liquid chromatography (HPLC) [9], Lumi-
nescence [10] and liquid chromatography tandem mass spec-
trometry [11] These techniques are applied to the detection
of Nitrofurazone in a variety of real samples, but they are
often time and/or cost intensive and expensive to implement
and apply in laboratory diagnostic practice. The preparation
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of modified electrodes for detection through numerous inter-
mediates that significantly and rapidly modify the behavior
of drug molecules to facilitate their detection is the most
important subject in this context of electroanalytical meth-
ods oriented toward the analysis of drug molecules. One of
the most established research subject in electrochemistry
since 1979 has been the chemical modification of carbon
paste electrodes[12]. So far, several forms of carbon-based
electrodes have emerged in recent years for detection of tar-
get pharmaceutical substances in biological fluids and dif-
ferent forms of assay Nagaraj P. Shetti group [13, 14]. The
synergistic impact of carbon-based materials with a combi-
nation of various modifiers such as metal nanoparticles [15],
metal oxides [16—-18], conductive polymers or surfactants
[13, 19], enhances the competence of the electrode in the
electrochemical determination of bioactive and electroac-
tive molecules. The utilization of carbon-based materials in
the development of sensing electrodes is still in its infancy.
Thus, future research should be directed towards a better
understanding of the structural properties of carbon-based
materials that manage the kinetics of electron transfer to the
electrode surface and avoid the formation of modifier pre-
cipitation [20, 21]. Among the best known research groups
in this field are Tejraj M. Aminabhavi, Nagaraj P. Shetti
and all of them have developed several electrochemical
sensors for the detection of pharmaceutical substances in
different real samples with very low detection limits. The
novelty of our work has been directed towards this axis to
develop an innovative strategy to build new materials with
particularly interesting properties. We have combined car-
bon graphite nanomaterials and metallic silver nanoparti-
cles to build new electrochemical sensing devices by simple
and efficient electrodeposition processes that will open new
fields of applications in nanoscience and nanotechnology.
Silver nanoparticles have received much attention in the
last two decades, especially in the fields of electrocataly-
sis [18] due to their large electrochemical window, excel-
lent electrical conductivity, chemical and thermal stability,
and intrinsic electrocatalytic activity. The electrochemical
techniques have also shown the advantages of a simple less
time-consuming extremely cost-effective and environmen-
tally friendly pretreatment strategy [13]. Due to their low
cost, high sensitivity and superior selectivity [21]. In fact,
the presence of reducible NO, groups in the side chain of
Nitrofurazone facilitates its detection on the electrocatalytic
surface of modified working electrodes with current elec-
trochemical techniques. In this approach. The objective of
our research is to develop a thin silver deposit on a carbon
paste to create a highly sensitive sensor to Nitrofurazone
molecules with excellent electrochemical performance and
that the interaction between Nitrofurazone molecules and
functional silver metal nanoparticles present on the surface
of the constructed electrode is properly explored.
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In this study, silver particles were used that were elec-
trodeposited on carbon paste electrodes. Using cyclic vol-
tammetry, this technique is ideally suited for the synthesis of
metallurgical nanostructures and pure thin films of excellent
quality, shape, and well-controlled surface states. Electro-
catalytic reduction and Nitrofurazone determination studies
have been investigated using cyclic voltammetry, chrono-
amperometry, and differential pulse voltammetry. The exper-
imental parameters that effect the shift and intensity of the
peak potential were evaluated and the catalytic parameters of
the electrode process were discussed in detail. Finally, using
the proposed method this electrode was successfully used to
determine Nitrofurazone traces in real samples.

2 Experimental section
2.1 Chemicals and reagents

All of the chemical products used in this study were of ana-
lytical quality or were of the highest purity available. Or the
purest form of the available pure. Potassium nitrate, sodium
hydroxyde, silver nitrate, acetic acid, phosphoric acid, and
boric acid were obtained from Merck (Darmstadt, Ger-
many), Fluka (St. Gallen, Switzerland), and Riedel de Haen
(Seelze, Germany) and used accordingly. To prepare 1.0
1073 mol.L~! of Nitrofurazone mother solution, the Nitro-
furazone purchased from Sigma-Aldrich was dissouted in
0.1 mol L™! of tampon phosphate buffer (PBS; pH 7) The
solutions étalons de travail have been prepared by diluting
the mother solutions. Paraffine was used as a bonding liquid
for the carbon paste electrode unmodified (CPE). The carbon
paste was supplied from Carbone Lorraine (Lorraine France
ref. 9900). All these experiments were performed with dis-
tilled water and at room temperature.

2.2 Apparatus

With the help of an Origa Master 5 potentiostat connected
to an electrochemical cell, an électro-catalytic deposit of
metal was achieved. The electrochemical cell is made up
of an silver nitrate solution (Ag* +NO;7) and three elec-
trodes one of which is a graphite carbon paste electrode that
serves as a work electrode for the electrodeposition. A ref-
erence electrode (RE) Ag/AgCl saturated with 0.3% KCl
and a platine wire as a counter electrode to provide current
(AE). All experimental dates and results were entered onto
a personal computer that was connected to an Origa Master
5 potentiostat. Using the same potentiostat the Origa Master
5, measurements of spectroscopy of electrochemical imped-
ance and cyclic voltammetry were also carried out. The dif-
fraction of X-rays of type PERT-PRO (BRUKER-AXS) with
the radiation Cuyg =1.5406 installed at the University Ibn
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Zohr of Agadir in Morocco was used to determine the nature
of various chemical compositions in a silver deposit. The
image of the distribution of silver nanoparticles on graph-
ite carbon sheets was seen using a JEOL scanning electron
microscope installed at the research unit of Ibn Zohr Uni-
versity in Agadir, Morocco. Using high quality pH meters
several measurements of pH values were performed.

2.3 Process for modifying CPE

The unmodified (CPE) were created using the following
procedure [22]. A portion of the homogeneous paste was
carefully positioned in the electrode cavity (fabricated in
the lab, with a geometrie of 0.1256 cm?) and polied with a
smooth piece of paper. To make the electrical connection,
a carbon-based bar was used. The unmodified carbon paste
(CPE) was immersed in an electrochemical cell contain-
ing 0.5 mmol.L™! of AgNO;, diluted in 0.1 M of phosphate
buffer (pH=2) electrolyte solution to deposit Ag particles.
Using cyclic voltammetry, the Ag particles were fixed on
the electrode surface for 2 cycles between potential ranges
of 00 to 800 mV. (8 segments). After that, the electrode was
placed in a cell with 0.1 M of phosphate buffer (pH=2) and
Nitrofurazone. In the potential range of 00 to — 1200 mV
cyclic voltammetry and differential pulse voltammetry were
used. All experiments were carried out successfully and in a
systematic manner consistent with current standards.

2.4 Electrochemical measurement

All electrochemical experiments were performed with an
electrode produced by silver electrodeposition under optimal
conditions that were met in all electrochemical experiments
performed in this study. The cyclic voltammetric method
was used to perform electrochemical deposition of silver on
carbon graphite. The cyclic voltammograms of Nitrofura-
zone detections were recorded in the potential range from
00 mV to -1200 mV. In addition, the recovery ratio was
calculated using the calibration curve with regression of the
equation. This was traced using differential pulse voltamme-
try. All electrochemical experiments were carried out with
the electrode constructed via silver electrodeposition under
the optimum conditions listed in Table 1.

2.5 Analytical procedure

To avoid contamination with Covid 19 viruses, human urine
samples were obtained from a local clinic near Ibn Zohr
University in Agadir Morocco, and tap water samples were
obtained from the laboratory. The urine samples were centri-
fuged at 3000 tr/min for 15 min (sigma mode Laborzentrifu-
gen TM10155), then smoothed in a refrigerator set at 10 °C
for 4 h to facilitate phase separation, before being filtered

Table 1 Different parameters optimized during the silver electrodepo-
sition process

Influence of parameter variables Optimizes

The supporting electrolyte Phosphate buffer (PBS)
The sweep rate of the potential 10 mV/s

pH 2

The concentration of silver ions Ag* 0.5 mmol/L

The number of scan cycles 2

through 0.85 pm pore diameter qualitative filter paper. Dur-
ing the analysis the remaining real samples were not pre-
treated. To obtain concentrations of 10° M, 5 10° M and
107% M. 5 mL of urine filtrates were measured and trans-
ferred into a 100 mL container containing phosphate buffer
at pH=28 and spiked with a quantity of the Nitrofurazone.
We used the same technique for the other actual tap water
samples as we used for the real urine samples to obtain con-
centrations in the range of 10> M, 5 10°° M and 10° M of
Nitrofurazone. All of the contamination processes for the
real samples were carried out in our laboratory in the same
way, under the same working conditions, and within the
same analysis time period. The differential pulse voltamme-
try were registered under the evaluated optimal conditions
and then analyzed to obtain more precise results.

3 Results and discussion
3.1 Electrochemical behavior of the Nitrofurazone

The results of individual CV tests in a tampon phosphate
buffer (pH =7) solution containing 1.0 107> M of Nitrofura-
zone are shown in Fig. 1 using unmodified carbon paste
(CPE and (Ag-NPs@CPE), respectively. In the potential
range between 00 and — 1200 mV, both electrodes showed
a reduction response towards Nitrofurazone. Comparing
the behavior of the unmodified (CPE) and (Ag-NPs@CPE)
electrodes the cathodic potential of the Nitrofurazone was
positively shifted from — 680 mV to — 580 mV when the
modified electrode was used. In addition to the 100 mV
potential shift, the current of pic reduction has increased
at the modified Ag-NPs@CPE electrode in comparison to
the unmodified carbon paste (CPE). This demonstrates the
rapidity with which electrons are transferred to the surface of
the modified electrode. Furthermore, no signals of oxidation
were observed in the direction opposite to the anodic scan
in the volammograms of both electrodes. This shows that
the behavior of Nitrofurazone is irreversible at the modified
electrodes constructed by electrodeposition.

As aresult, the displacement of the peak towards positive
potentials and the growth of the current of the Nitrofurazone
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reduction peak on the surface of the proposed electrode are
attributed to the presence of a group of silver atoms of nano-
metric size which increase the electrocatalytic power of the
Nitrofurazone reduction reaction and allow a significant
increase in the number of molecules participating in the
Nitrofurazone reduction reaction on the surface of the elec-
trode constructed by silver nanoparticles which facilitate us
the conversation of the NO, attractor group of Nitrofurazone
molecules into NHOH group in an adequate and efficient
way.

3.2 Electrodeposition of Ag on Carbon Graphite

The voltammograms obtained during the electrodeposition
of silver nanoparticles on the surface of a graphite paste
were measured using a cyclic voltammetry in the potential
range of 800 mV to 00 mV using an silver-containing phos-
phate buffer (Fig. 2). The obtained results show that the cho-
sen potential range is very beneficial to reducing ions of sil-
ver. Furthermore, the ion reduction peak is found at 0.43 V
versus Ag/AgCl, indicating that the silver electrochemical
behavior is completely reversible, as evidenced by the cyclic
voltammograms. When the number of cycles increases, the
intensity of the redox current decreases indicating that the
nucleation of argent atomes is halted due to the saturation of
the electrode surface which pushes silver ions into solution
while blocking electron transfer to the surface. As a result
of this blockage the reduction of Ag* ions on the surface
of the electrode has become difficult limiting the reduction
reaction of ions Ag™.

@ Springer

When employed in semi-continuous or continuous mode,
the proposed electrochemical sensor must support a large
number of electrochemical measurements as well as the
number of regeneration steps of the agent layer placed on the
carbon paste to continue the electro-catalytic characteristics.
We ve started optimizing all of the electrodeposition process
experimental parameters such as the pH of the electrolyte
solution, the balayage speed, the number of cycles, and the
silver concentration in the electrolyte solution. This method
allows us to improve the electro-catalytic performance of the
silver-based Nitrofurazone detection layer.

3.3 Optimization of Ag film deposition parameters
on carbon graphite

To obtain more homogeneous Ag-NPs deposits and a better
reproducibility, it is necessary to control the electrodeposi-
tion process. To this end, we have optimized the deposi-
tion parameters of the Ag film on graphite carbon, several
electrolysis times have been tested, then a follow-up of the
functionalization has been performed in a regular and sys-
tematic way to improve the quality of the Ag-NPs deposits
and to guarantee a better electrocatalytic activity. All operat-
ing parameters are presented in Table 1.

The influence of the pH of the support electrolyte on
the silver electrodeposition was the first parameter investi-
gated (Fig. 3A). The pH range was 1 to 5. In the phosphate
buffer electrolyte solution with pH =2 the best results (in
terms of current intensity and displacement of the Nitro-
furazone cathodic peak) were attained. This suggests that
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Fig.2 CVs of silver electrodeposition on graphite carbon paste (A). The real image of the working electrode with electrochemical Ag deposition

(B). The image of the carbon paste constructed with silver deposition (C)

at pH =2 the appropriate nucleation of silver microparti-
cles on carbon was achieved, resulting in strong electro-
catalytic activity for the reduction of Nitrofurazone mol-
ecules. As a result the phosphate buffer at pH=2 is ideal
for conducting silver electrodeposition on graphite carbon.

Figure 3A shows the effect of the Ag electrodeposition
scan rate on the Nitrofurazone reduction electrocatalytic
current intensity. When performing the silver electrodepo-
sition the highest performance of the constructed electrode
was obtained with a potential scan speed of v=10 mV/s
according to the data. Higher electrodeposition speed on
the other hand reduces the sensitivity of our constructed
electrode, because the processes of silver microparticle
nucleation and creation during electrodeposition are dif-
ficult to detect and observe using cyclic voltammetry

The electrodeposition process is influenced by the con-
centration of reactive Ag ions. As a result, the effect of
Ag ion concentration on the Nitrofurazone reduction pro-
cess was investigated using AgNO; dissolved in a solution
containing 0.1 mol L™! the tompon phosphate solution at
concentrations ranging from 1.0 10~ to 1.0 10~ mol L™!
AgNO; (Fig. 3C). At 0.5 mmol L! AgNO; the optimum
response for Nitrofurazone detection was obtained; how-
ever, beyond this concentration, a poor reaction was seen.
Due to the high silver concentration of the solution this
event was attributed for the formation of a silver film on
the carbon graphite. Therefore, the optimal concentration
for silver electrodeposition is defined around 0.5 mmol L™!
of [AgNO;] in the further research and development work
done in the laboratory.

The performance of the constructed electrode also
depends on the number of scan cycles. According to the
results obtained (Fig. 3D). The number of scan cycles that
provides excellent electro-catalytic activity to detect Nitro-
furazone was about n =2 which means that the electrode
area is not completely covered with a thin film of silver
microparticles generating a strong electron exchange capac-
ity with the attractive groups of Nitrofurazone molecules.
Nevertheless, the increase in the number of scanning cycles
generates a layer of silver microparticles of very high mass
that significantly decreases the sensitivity of the electrode
area.

3.4 Characterization by X-ray diffraction

The recording of the spectre of diffraction of X-rays con-
firmed the nucleation of silver atomes on carbon-based paste
under optimal conditions. In comparison to the graphite car-
bon spectre alone the obtained spectrum reveals the presence
of several recent pics.

The creation of silver particles can be seen in the X-ray
diffraction examination of the silver placed on the carbon
paste. Three metallic silver peaks at 20° of 38.18°, 46.62°,
63.01° 66.42° and 76.4° witness to the metallic condition of
the silver placed on the carbon paste and its uniform distri-
bution across the whole surface of the carbon paste and on
the carbon sheets [22, 23] (Fig. 4). Therefore, the creation
of a set of silver particles on the surface of the working elec-
trode with a very homogeneous distribution, reflects a large
active surface that ensures a greater chance of contact with
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Fig.3 Curves A, B, C and D show the influence of experimental parameters of Ag electrodeposition on graphite carbon on the intensity of the
reduction peak of 107> mol/L Nitrofurazone in tompon phosphate solution at pH="7

the electroactive substances of the Nitrofurazone, as well as
a strong electro-catalytic effect that allows the conversion of
the NO, attraction groups of the side chain of the Nitrofura-
zone molecules into NHOH groups.

3.5 Scanning electron microscopy characterization
of Ag-NPs@CPE

To confirm the silver electrodeposition on the carbon sheets
and to analyze the surface of the constructed modified elec-
trodes, we performed scanning electron microscope analy-
ses. The scanning electron microscopy image obtained for
the Ag-NPs@CPE electrode is shown in Fig. 5 with EDX
analysis.

Figure 5SA demonstrates the scanning electron micros-
copy image of the electrochemical deposition on carbon
graphite paste. The paste surface is largely covered with
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silver nano particles of extremely comparable size that
are distributed throughout the paste's entire surface. This
result confirms that the nucleation of silver nano parti-
cles is immobilized on the majority of the carbon graph-
ite paste surface, and that the Ag atoms produced by the
reduction reaction of Ag* ions have been prompted in an
Ag nanostructure on the surface of our elaborated elec-
trode, providing a good electro-catalytic capacity. And that
the range of potentials used during Ag electro-deposition
is ideal for the formation of crystals a silver layer on the
carbon graphite sheets [22, 23]

EDX analysis Fig. 5B indicates the existence of silver
peaks at 0.4 keV,3 keV, 3.3 keV, and 3.5 keV. As well as a
carbon peak. All of these accurate quote to the presence of
significant silver atomic nuclei. The results obtained show
good coherence with the information furnished by the X-ray
diffraction discussed in the preceding section.
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Fig.5 SEM image of Ag-NPs@CPE constructed (A), EDX spectra (B)
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Fig.6 CVs of unmodified CPE and constructed Ag-NPs@CPE regis-
tered in Fe(CN)s>~*~ 1 mM containing 0.1 M KCl with at 50 mV.s™!

3.6 Characterization by cyclic voltammetry

On the unmodified CPE electrode and the Ag-NPs@CPE elec-
trode constructed with 1 m M Fe(CN)6‘3/4 and 0.5 M KClI the
electrochemical behavior of M Fe(CN)G’y4 was investigated
(Fig. 6). When the current intensity of the oxidation and reduc-
tion peaks of the Fe(CN)6’3/ * redox probe on the electrode
constructed by Ag-NPs@CPE silver electrodeposition is com-
pared to the unmodified electrode (CPE), the current intensity
of the oxidation and reduction peaks of the Fe(CN)é‘S/ 4= redox
probe on the electrode constructed by Ag-NPs@CPE silver
electrodeposition increases almost 5 times. This augmentation
highlights the significance of metallic Ag nanoparticle matri-
ces electrochemically synthesized on highly conductive graph-
ite carbon sheets in facilitating the ferrocene ion reduction pro-
cess at the Ag-NPs@CPE electrode's surface. The potential
difference AE . between the two anodic and cathodic peaks
of Fe(CN)g>"*~ AE,,,(CPE)=340 mV and AE,,, (Ag-NPs@
CPE)=20 mV, has likewise decreased significantly. In terms
of the electron cinetics of this electrode and its interface this
indicates that the electron transfer cinetics of the electrolyte/
electrode interface utilizing Ag-NPs@CPE is particularly
rapid compared to the unmodified electrode (CPE).

In conclusion, the deposits obtained for electrolysis dura-
tions of 300 s allow to bring to the surface an electrocatalytic
effect resulting in a faster charge transfer than graphite car-
bon alone, accompanied by an increase in the active surface,
taking into account the results of the characterization by the
Fe(CN) >~ redox probes. Scanning electron microscopy
studies, on the other hand, reveal more homogenous and
denser deposits after 300 s of electrolysis. This period of elec-
trolysis was, therefore, preserved for silver deposits on carbon
graphite paste, resulting in a greater quantitative efficiency of
the electrolytic deposition of AgNPs.
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4 Application to the electrochemical
detection of Nitrofurazone

4.1 Effect of scan rate

At varied scan rates ranging from 20 mV/s to 200 mV/s,
cyclic voltammograms were obtained by a 10> M reduction
process of antimicrobial Nitrofurazone on the surface of an
Ag-NPs@CPE electrode (Fig. 7A). The reduction peak of
antimicrobial Nitrofurazone was influenced as the scan rate
increased, with the current intensity of the peak rising and
moving to higher cathodic potential values.

With a regressive equation Ipc(NFZ)= — 3.9718v
-123.59 and a correlation coefficient R>=0.988, Fig. 6B.
Demonstrates that the scan rate (v) was proportional to the
change in the electrocatalytic current intensity of the nitro-
furazone reduction peak. Figure 7C shows that the variation
in current intensity of the Nitrofurazone peak as a function
of the square root of the scanning speed (v)""? is linear with a
regressive equation Ipc(NFZ) = — 108. 94v'> — 134. 81 and
a correlation coefficient R>=0.9936. These results indicate
that diffusion phenomena within the cellule of measurement
control the evolution of the active surface of the Ag-NPs@
CPE electrode during the reduction reaction of antimicrobi-
enne Nitrofurazone molecules. This phenomenon resembles
what Yung-Shun Lu and All [23] observed in their study. It
represents the best-case scenario for quantitative detections
of the antimicrobial Nitrofurazone in real samples, as well
as the best-case scenario for building a fast and efficient
detection system for these molecules.

Figure 7 Represents the variation of the cathodic peak
potential of the antibiotic reduction of Nitrofurazone as a
function of the logarithm of the scan rate (Log v). The peak
potentials vary linearly with the logarithm of the scan rate
Log (v), as shown in Fig. 6D. With a regression equation
Epc(NFZ)= — 0.02264 Log v/mV.s~' — 0.2534 and a cor-
relation coefficient (R*=0.988). This reveals that the peak
potential of Nitrofurazone was very sensitive to the scan
rate of electron transfer. Laviron demonstrated that the equa-
tion between Epc and Log (v) in the case of an irreversible
system [24]

Epc(NFZ) = E0 — 2L[0.780 + log (y/D/k) + log (nFav/RT)1/2
anF
(D

nFlog (v) 2)

Epc(NFZ) = Epc + lR—Ta

With R is the constant of perfect gas (9.31S1), T is
the ambient temperature (298 k), the constant of fardaye
(96546C), a is the coefficient of electron transfer, n is the
number of electrons captured by the molecules of Nitrofura-
zone for the reduction on the electrocatalytic surface of our
constructed sensor.
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Fig.7 CVs response of 1 mM the nitrofurazone to the Ag-NPs@
CPE constructed electrode with different scan rates (20-100 mV/s) at
pH=7 (A). The Iy calibration curve as a function of v(mV/s). (B)

Given this, nitrofurazone antibacterial electrochemical
action is totally irreversible, indicating an electron transfer
coefficient of 0. 61. We calculate the number of electrons (n)
transmitted in the electroreduction of the side chain attrac-
tion group of the nitrofurazone antimicrobial molecules by
following the example of Bard and Faulkner from the pent
achieved between Epc(NFZ)—Log(v/imV/s) and Lavirons,
Eq. 2. The observations of A. Rahi et al. [7]. Are comparable
with our conclusions.

As a result, during the catalytic reaction taking place in
the area of the modified electrode and within the response
time of the electrode, the number of electrons (n) transferred
to the surface of the modified electrode for the electrore-
duction of the electroactive NO, moiety of Nitrofurazone is

and plot of the Ipc as a function of v!2/(mV/s)!”? (C) and the Epc var-
iation as a function of Log v. mV/s (D)

equal to 3.88 (approximately equal to 4) under the best and
most favorable operating conditions.

4.2 Effect of pH

In the pH range of 4 to 10 we also examined at how the pH
of the electrolyte solution affected the reduction current peak
and cathodic potential peak of Nitrofurazone cyclic voltam-
mograms were obtained at a 20 mv s~! scan rate. The tom-
pon phosphate solution at pH="7 had the highest electrocata-
Iytic reduction current of Nitrofurazone. A stabilization of
the current intensity is evident in the cyclic voltammograms
obtained in Fig. 8. Suggesting that the reduction process of
Nitrofurazone is less kinetically favourable at higher pH. At
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Fig.8 A cyclic voltammograms (at 20 mV/s) of 1.0x 10~> M Nitrofurazone in Ag-NPs@CPE constructed at different values of (pH=4 to 10).

Inset: (B) Plot of Epc vs pH

pH =7 the maximum current peak was observed. Therefore,
in the following tests 0.1 mol L™! the tompon phosphate
solution (pH=7) was used as the supporting electrolyte at
the conditions initially described in this study.

Figure 8A Illustration It demonstrates the linearity
observed between pH changes and the peak of Nitrofura-
zone reduction potential. Epc(NTZ)=-— 0.05703pH-0.1313
(R?=0.9882) is the regression equation obtained showing
that the slope obtained is almost comparable to the slope of
the theoretical equation of Nernst. This result indicates that
the number of protons participating in the reduction process
of Nitrofurazone molecules on the electrode surface created
by electrodeposition of Ag on graphite carbon paste is equal
to the number of electrons m/n= 1. The numerical value of
the slope (-0.057) obtained by applying the equation and
the numerical value of the slope of the theoretical Nernst
equation (Eq. 3) which are extremely near to each other are
numerically justified :

Scheme 1 The mechanism for
the electroterduction reaction
of Nitrofurazone on Ag-NPs@
CPE justification

o, H
>/N\N 0
NH

NTF-NO,
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where m is the number of proton, n is the number of
electrons.

When the reduction reaction is performed on the sur-
face of the constructed electrode the electroactive -NO,
groups of the Nitrofurazone chain length are converted
to -NHOH.

Scheme 1: Shows the mechanism that adequately
describes the Nitrofurazone electroreduction process on
the electrocatalytic surface of the constructed Ag-NPs@
CPE sensor. This mechanism is very similar to the conclu-
sions of the work of Yung-Shun Lu and All [23].

0
NHOH
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0. H
0 >/N\ %
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+4H +4e -
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4.3 Calibration curve

The differential voltammetry technique was used to deter-
mine Nitrofurazone in the concentration range of 10 M to
0.4 107 M using the electrode constructed by electrodepo-
sition under optimized experimental conditions (scan rate
20 mV/s, pH=7 applied potential 00 mV to — 1200 mV)
Fig. 9A. Illustrates the responses.

The calibration line obtained for the detection of Nitro-
furazone is presented in Fig. 8B it expresses the intensity
of the reduction current of Nitrofurazone molecules at the
surface of our constructed sensor as a function of its con-
centration in the phosphate buffer medium.

As shown in the calibration line the intensity of the reduc-
tion current increases linearly with the increase of their con-
centration according to the following linear equation.

Ipc(NTZ)= — 6.2766 [NTZ] — 82.456 and a regression
coefficient (R*>=0.9954).

The limits of detection and quantification were cal-
culated using the following equation: LOD =36/m and
LOQ=10c/m with o the standard deviation of the response
according to [TUPAC recommendations this value is the
average of the deviations determined for 10 blank vol-
tammograms, and m is the slope of the calibration curve.
Application of the above relationship gives a detection and

-800

I/pA

-700
-600
-500
-400

-300 y =-6.2766x - 82.456

R2=0.9954

-200

-100

[NTZ]/uM

50 100

quantification limit of 10™ M and 1077 M, respectively, for
Nitrofurazone.

The performance of our Ag-NPs@CPE constructed elec-
trode was compared with some modified electrodes cited
in the literature for Nitrofurazone detection under similar
conditions. We have summarized the comparison in Table 2.

4.4 Effect of interferents

The presence of non-target ions in real analytical samples
may create problems with Nitrofurazone detection. As
a result, we investigated the influence of various ions on
the determination of 10~ M Nitrofurazone to evaluate the
selectivity of a sensor constructed for electroanalysis of
Nitrofurazone in a complex matrix and to identify poten-
tial issues owing to the presence of interfering ions. Table 3
shows the intensity of Nitrofurazone reduction current in
the presence of interfering ions at 5 times the concentration
of Nitrofurazone.

As a result of these observations, the presence of vari-
ous interfering ions had little effect on the nitrofurazone
measurement; the rate of signal change was in the range of
2-3%. The Ag-NPs@CPE sensor exhibited high selectivity,
indicating that it was well elaborated. These results were

-800
-700

-600

-400
-300
-200

-100

Fig.9 Differential pulse voltammetry of Nitrofurazone in 0.1 M the phosphate buffer (pH=7) for {100;80;70;60;50;;40;30;20;15;10;
8;6;5;54;1;0.6;0.5;0.04 uM}; (A), Inset: plots of electrocatalytic peak current as a function of Nitrofurazone concentration (B)
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Table 2 Performance

. Electrod Technique Linear range uM LOD uyM Ref

comparison of our constructed

Ag-NPs@CPE electrode with Au-AuNR DPV 3.0—500 0.18 [7]

different developed modified PACBK/GCE DPV 15— 80 0.028 [25]

electrodes and techniques in the

literature DUT-67/T-PPY-2/GCE DPV 9.08 —354.08;354.08 — 1004.04 8.7 [26]
Ag-SDS Amp 0.66 —47.62;47.62 — 930 0.37 [23]
AuNPs/Gr/TFGE DPV 0.02—-2000 0.13 [6]
HBDDE/GCE DPV 0.99-11 340 [27]
Ag-NPS@CPE DPV 0.04-1000 0.012 This work

Table 3 Effect of coexisting substances on the detection of antimicrobial Nitrofurazone at 1.0 104 M (n=3)

Coexisting Concentration de Change of Changement du  Coexisting Concentration de Changement du ~ Change of

substance  Coexisting substance ~ peak current  potentiel de pic substance  Coexisting substance  potentiel de pic peak current

(mmol L1 (%) (%) (mmol L™ (%) (%)

Na*t 1 -0.94 +0.32 CI- 1 - 0.5 0.34

AP 1 —1.40 +0.11 S0, 1 -03 - 04

Ni** 1 —1.65 +0.15 NO;~ 1 +0.44 - 1.03

Fe** 1 - 16 +0.22 Zn** 1 +0.65 - 176

Cu®* 1 -12 +0.26 Mgt 1 +0.71 -04

Ca?* 1 —-0.57 +0.26 CO,- 1 +0.65 - 141

K* 1 1.88 —0.34 Mn?* 1 +2.81 —-1.25

obtained under experimental conditions that were optimized
from the beginning of the work performed.

We can also see that the rate of recovery is more than
90%. This is extremely good in terms of the methods effec-
tiveness and the analytical performance of the constructed
electrode utilized for the reduction of Nitrofurazone detec-
tion. According to these tests the presence of different inter-
fering ions has little effect on the detection of Nitrofurazone
suggesting that the Ag-NPs@CPE sensor has good selectiv-
ity and that these sensors are thus useful in the analysis of
Nitrofurazone in complex matrices such as human urine or
drinking water under rigorous operating conditions.

4.5 Repeatability and reproducibility of Ag-NPs@
CPE

By analyzing 10 M of Nitrofurazone prepared in phosphate
buffer solution (pH =7), the repeatability of measurements
for Nitrofurazone detection using the modified Ag-NPs@
CPE electrode manufactured under optimal experimental
conditions was investigated. The relative standard devia-
tion (RSD%) estimated after ten consecutive measurements
with the same electrode was 3.2% on average and the result
of these measurements was acceptable and sufficient for the
detection of Nitrofurazone.

A series of eight electrodes were prepared to verify the
repeatability of its Ag-NPs@CPE electrode, which was con-
structed using comparable techniques. These were utilized

@ Springer

to detect Nitrofurazone at a concentration of 10~ M. The
relative standard deviation of the eight electrode observa-
tions is calculated to be 3.6%.

These results clearly indicate that the Ag-NPs@CPE elec-
trode has excellent repeatability and reproducibility.

5 Analytical application

The built sensor was tested for detecting Nitrofurazone in
real-world contaminated samples. We examined two differ-
ent types of samples: urine and tap water. We examined the
samples with the suggested sensor before they were contami-
nated, and the findings revealed that the infected samples
had no reduction peaks corresponding to the electroactive
group NO, of Nitrofurazone. These experiments were car-
ried out in our research center.

A volume of 40 mL of the solution obtained from real
samples contaminated with the antibiotic Nitrofurazone was
poured into the electrochemical cell and analyzed by the
sensor built under previously optimized experimental con-
ditions. The percentage of Nitrofurazone spiked in the ana-
lyzed actual samples that were tested was calculated using
the standard addition method.

Table 4 shows the results obtained for the various sam-
ples. The recoveries of Nitrofurazone found in various
contaminated samples range from 97 to 102%, with a rela-
tive standard deviation (R.S.D.) (n=3) of less than 4%,



Carbon Letters (2022) 32:767-780 779
Table 4 Resul.ts of antimicrobial Sample Spiked (UM) Found (uM) Accuracy % R.S.D% (n=3)
detection of Nitrofurazone
in Select;:d real Samplles , Urine +NTZ 10 9.887 99.21 133
(n=3)t Iat were analyzed in a 5 4.875 98.02 3.44
systematic manner

1 0.962 97.8 1.24

Tap water+ NTZ 5 4.977 98.7 1.25

2 2.53 102.06 1.43

1 1.09 101.02 1.11
demonstrating that the constructed Ag-NPs@CPE sensor  References

has excellent practical cost effectiveness for the electroa-
nalysis of antimicrobial Nitrofurazone in real samples under
real working conditions.

6 Conclusions

In this work, we used electrodeposition to efficiently
develop an Ag-NPs@CPE electrochemical sensor to detect
the antimicrobial Nitrofurazone in real samples. Due to
its simplicity and fast implementation.The electrochemi-
cal fabrication strategy offers several advantages to facili-
tate the direct electrodeposition of silver on the working
electrode. We have also studied and optimized all the
parameters allowing the formation of a silver film on the
carbon graphite. The silver film constructed on the carbon
paste was revealed to have high electrical conductivity,
and strong electrocatalytic property, The electrochemical
behavior of nitrofurazone is completely irreversible with
a coherently elaborated sensor-level diffusion controlled
surface transfer mechanism. The number of electrons and
protons being equal during the reaction of nitrofurazone
effected on the surface of our sensor. The Ag-NPs@CPE
analytical performance demonstrates excellent repeat-
ability and selectivity. The differential pulse voltammetry
technique revealed that the Ag-NPs@CPE has a very wide
detection range for Nitrofurazone, ranging from 10~ M to
0.4 107" M with a very low detection limit of 1.2x 107 M.
The constructed sensor was tested for the detection of
nitrofurazone in real human urine and tap water samples
and its performance was satisfactory in terms of detection
efficiency.
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